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THE EARTH OBSERVING SYSTEM

Lisa Robock Shaffer
NASA Headquarters, Washington, D.C.

(based on Report to Congress on
The Restructuring of the Earth Observing System

submitted by NASA March 16, 1992)

ABSTRACT

The United SlaU ? utional Aeronautics and Space
Administration (NASA) is proceeding with the Earth
Observing System (EOS), a major clement in the Mission
to Planet Earth initiative announced by President Bush in
1989. In response to several factors, the original program
approved in ihe Fiscal Year 1991 budget has been
restructured and somewhat reduced in scope. The resulting
program uses three different sized launch vehicles to put
six different spacecraft in orbit in the first phase, followed
by two replacement launches for each of five of the six
satellites to maintain a long-term observing capability to
meet the needs of global climate change research and other
Earth science objectives.

Keywords: Earth Observing System, global change, Earth
science, NASA

INTRODUCTION

The Earth Observing System (EOS) is designed to provide
comprehensive, long-term observations from space of
changes that are occurring on the Earth from natural and
human causes so that we can have a sound scientific basis
for policy decisions to protect our future. EOS will
provide Ihe continuation and extension of observations of
the Earth that are now being undertaken as part of Mission
to Planet Earth.

NASA has completed the restructuring of the Earth
Observing System (EOS) from a program in which the
instruments were to be flown on a series of large platforms
to one in which the instruments will fly on intermediate and
small spacecraft. The restructuring was undertaken:

to focus the science objectives of EOS on the
most important problem of global change --
global climate change;

to increase the resilience and flexibility of EOS
by flying the instruments on multiple smaller

platforms rather than a series of large platforms;
and

to adjust the program to the reduced levels of
funding expected from the Congress.

The restructuring effort was guided, in part, by the report
of the EOS Engineering Review Committee chaired by
Dr. E. Friemin (the Frieman Committee), and the results
of the restructuring are wholly consistent with its
recommendations. The restructured program satisfies the
recommendations of the EOS Payload Advisory Panel with
the caveat that some of the instruments will fly later than
recommended due to the constraints on the budget. The
EOS Payload Advisory Panel is comprised of the EOS
interdisciplinary investigators and is formally charged with
recommending EOS payloads to NASA. Further, the
restructured program fully meets NASA's commitments for
the polar platforms under the Space Station Freedom
international agreements.

THE SCIENCE OBJECTIVES

The purpose of the restructured Earth Observing System is
to determine the extent, causes, and regional consequences
of global climate change. The extent — the change in
average temperature and the time scale over which it will
occur — is presently unknown. The causes can be either
natural or human induced. It is the latter, however, that
must be understood if we arc to alter human behavior and
avoid the climate changes which are most detrimental. The
regional consequences— changes in precipitation patterns,
length of growing seasons, severity of storms, sea level,
etc. - must be understood if we are to determine which
aspects of climate change will be detrimental and how we
should adapt to those changes which cannot be avoided.

The behavior and evolution of the climate system is
determined by complex processes within and interactions
among the atmosphere, the oceans, the biology, and the
snow and ice systems of the Earth. Scientists and policy-
makers have documented in recent years which of these
processes and interactions are most important to
understand. In particular, the Intergovernmental Panel on
Climate Change, the scientific priorities of the US Global
Change Research Program, and the U. S. Environmental
Protection Agency report Policy Options for Stabilizing

P'oreea"'gs o' lhe Central Symposium ol the 'irternattonal Space Year Conference Held in Munich. Germany. 30 Match-4 April VJ92
,ESA SP 34' A.', '992,
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Global Climate are all in agreement that if we are to
understand the climate and what the human species is doing
to it, we must develop a quantitative understanding of
seven key issues:

the role of clouds, radiation, water vapor, and
precipitation;

the productivity of the oceans, their circulation,
and air-sea exchange;

the sources and sinks of greenhouse gases, and
their atmospheric transformations;

changes in land use, land cover, primary
productivity, and the water cycle;

the role of the polar ice sheets, and sea level;

the coupling of ozone chemistry with climate and
the biosphere; and

the role of volcanoes in climate change.

The Evolution of the Pavload

NASA has undertaken a systematic process, involving input
from the Frieman Committee and a thorough review and
analysis by EOS investigators, to determine the optimum
payloads for intermediate and small EOS spacecraft, and
has consulted with its international partners through the
Earth Observations International Coordination Working
Group (EO-ICWG).

The instruments that will fly in the restructured EOS
program have been selected to address the key scientific
issues associated with climate change. The original EOS
program addressed a broader range, of global change issues,
including studies of stratospheric chemistry and its
controlling influence on ozone depletion, and aspects of
solid Earth physics. The original EOS program included
a total of 30 selected instruments. By focusing on climate
change, the required instruments arc reduced to 17 that
need to fly before 2002; 6 that are deferred, and 7 that are
deselected.

Three payloads are planned for launch on Atlas HAS-class
vehicles. Two primary spacecraft would fly in a
sun-synchronous polar orbit, but with different crossing
times (EOS-AM and EOS- PM), while a third intermediate
spacecraft would carry atmospheric chemistry instruments
(EOS-CHEM). In addition, the restructured payload
includes a Delta-class spacecraft for altimetry (EOS-ALT)
and two small missions requiring Pegasus-class launch
vehicles which will fly the Stratospheric Aerosol Gas
Experiment (SAGE-HI) instrument in a 57 degree

inclination orbit (EOS-AERO), and obtain ocean color
measurements (EOS-COLOR). There is also a need 10
identify flights of opportunity for the small Active Cavity
Radiometer Irradiance Monitor (ACRIM) and Solar Stellar
Irradiance Comparison Experiment (SOLSTICE)
instruments and for either the Microwave Limb Sounder
(MLS) or Spectroscopy of the Atmosphere using Far
Infrared Emission (SAFIRE) atmospheric instruments, each
of which is to be descoped from its original version.

The descoped payload includes flight of STIKSCAT within
the EOS program in response to concern over the absence
of a dual-swath dedicated scatterometer in the European
Space Agency (ESA) program plan. The budget profile
may not permit flight of STIKSCAT as early as desired by
the scientific community; and atmospheric instruments
(High-Resolution Dynamics Limb Sounder (HIRDLS) and
MLS/SAFIRE) and altimeter arc manifested for flight
beyond the year 2000, which is also later than
recommended by the EOS Payload Panel. Discussions are
underway with ESA and Japan over alternative approaches
to meet certain critical observations within existing
program constraints.

In particular, the restructured EOS docs not include
funding for the proposed stratospheric instrument.
Stratospheric Wind Infrared Limb Sounder (SWIRLS), or
for the non-descoped versions of the MLS and SAFIRE
instruments. The geodynamics portion of the Geodynamics
Laser Ranging System (GLRS) instrument, GLRS-R, the
secondary instruments Geomagnetic Observing System
(GOS), Ionospheric Plasma and Electrodynamics
Instrument (IPEl), and the X-ray Imaging Experiment
(XIE), and the Lightning Imaging Sensor (LIS) are
deselected from the program. LIS will still fly on the
Tropical Rainfall Measurement Mission (TRMM). The
Laser Atmospheric Wind Sounder (LAWS) is an important
instrument for global climate change studies, but must be
postponed. The Moderate Resolution Imaging
Spectrometer-^ilt (MODIS-T) instrument is also deleted; its
measurements of ocean color will be provided by the
reflight of the simpler Sea Wide Field Sensor (SeaWiFS)
instrument on a small, separate spacecraft and from
MODIS-Nadir measurements on both the EOS-AM and
EOS-PM spacecraft.

The names of the spacecraft, their launch dates and
vehicles, and their purposes arc as follows:

EOS-AM (June 1998, Atlas IIAS-class) -
Characterization of the terrestrial surface; clouds,
aerosols and radiation balance.

COLOR (1998, Pegasus-class)
biomass and productivity.

Oceunic

V J.



947

AERO (2000, Pegasus-class) - Atmospheric
aerosols.

EOS-PM (2000, Alias HAS-class) - Clouds,
precipitation, and radiative balance; terrestrial
snow and sea ice; sea-surface temperature and
ocean productivity.

ALT (2002, Delta-class) - Ocean circulation and
ice sheet mass balance.

CHEM (2002, Atlas HAS-class) - Atmospheric
chemical species and their transformations; ocean
surface stress.

NEW SPACECRAFT CONFIGURATIONS

In the original EOS program the instruments were to be
flown on a series of large platforms, each containing about
15 instruments and launched on a Titan-IV with solid motor
upgrades. There arc certain advantages to the large
platform approach:

(i) The total cost for flying a set instruments on
a large platform is less than the total cost of
flying that same s>;t of instruments on multiple
smaller platforms.

(ii) It is easier on a large platform to
accommodate those instruments which need to
make simultaneous observations of the Earth. The
sensitivity of the EOS instruments is such that
they generally rely on simultaneous
measurements from other instruments, through
the same column of air, in order to make
atmospheric corrections and/or to pursue their
science objectives.

However, there arc also disadvantages *.o the large platform
approach:

(i) The large platform with multiple expensive
instruments is inflexible to budget shortfalls or
overruns. The only solution to budget problems
is to slip the !"unch of the platform and all its
instruments, thereby delaying the acquisition of
EOS data.

(ii) The large platform with multiple instruments
is inflexible to technical problems. If one major
instrument experiences development delays, the
launch of the entire platform will slip.

(iii) The orbit of a large platform cannot be
optimized for each of the multiple instruments it

will carry. Instruments can have different
requirements for orbital altitude and inclination
and for the time of day at which the spacecraft
crosses over points on the Earth.

(iv) A launch failure, which is the greatest single
risk to space missions, will result in a greater
catastrophic loss to a large platform mission than
to smaller platform missions.

When the EOS program was designed, prior to FY 1991,
the only available launch vehicle for EOS spacecraft was a
Titan-IV. EOS spacecraft are launched from the Western
Test Range at Vandenberg Air Force Base in California
into sun-synchronous, polar orbit. Such orbits provide both
global coverage and allow the spacecraft to pass over
points on the Earth at the same time each day, and thus
observe with constant sunlight conditions. The launch
vehicles available from the west coast were expected to be
only a Delta-class, which is too small to accommodate most
of the required payload configurations for EOS, or the
large Titan-IV-class, which can easily accommodate the
large platform, with IS instruments. Accordingly, EOS
was designed in the large platform configuration.

In the spring of 1991, the Air Force announced that it
would seek funds to construct facilities at Vandenberg to
launch intermediate launch vehicles, in the Atlas HAS-
class. Such vehicles can accommodate payloads which are
approximately one-third those of the Titan-IV, and which
are large enough Ic include appropriate groupings of EOS
instruments. Thus it is now possible, whereas it was not
earlier, to reconfigure the EOS payloads to fly on multiple
smaller platforms.

Simultaneity and Crossing Times

The sensitivity of EOS instruments is such that they
generally require simultaneous measurements from other
instruments, through the same column of air, in order to
make atmospheric corrections and/or to pursue their
science objectives. In the restructured EOS, in which
instruments are flown on intermediate platforms, the
simultaneity requirements are satisfied primarily by flying
the MODIS-N instrument on two separate spacecraft,
EOS-AM and EOS-PM. This has the added benefit of
providing redundancy for MODIS-N, the central instrument
in EOS, and allows optimization of payload crossing times
for the two spacecraft.

The payload with the Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER), Multi-angle
Imaging Spectre-Radiometer (MISR), and MODIS-N
primarily observes surface features; thus the AM-crossing
time, when cloud cover is at a minimum, is the preferred
orbit. In contrast, the payload with the Atmospheric



Infrared Sounder (AIRS), the Advanced Microwave
Sounding Unit (AMSU-A), the Microwave Humidity
Sounder (MHS), Clouds and Earth's Radiant Energy
System (CERES), the Multifrequency Imaging Microwave
Radiometer (MIMR), and MODIS-N has a PM crossing
time. This is due to the desire to (i) fly AIRS, a candidate
next-generation atmospheric sounder for deployment on
future operational satellites, at a time most useful for
contributing data for meteorological forecasting, as well as
(ii) obtaining observations from CERES and MODlS-N at
a second time during the day, thus improving estimates of
diurnal variability.

Launch Sequence

The large EOS-Al platform was scheduled to be launched
in December 1998. In the restructured EOS program, the
EOS-AM spacecraft will be launched six months earlier, in
June 1998. This launch date is determined by the time
required to develop, test, and calibrate the instruments.
The EOS-AM spacecraft will be followed two and a half
years later, in December 2000, by the EOS-PM spacecraft,
and in 2002 by the EOS-CHEM spacecraft with the
scattcromcter and the atmospheric chemistry instruments.
The small missions, EOS-COLOR, EOS-ALT, and
EOS-AERO, are interspersed among the intermediate
missions. The EOS-AM spacecraft is scheduled to launch
firs', because (i) it will yield important measurements of
both clouds and radiation and surface characteristics, and
(li) it is more straightforward to execute than the EOS-PM
spacecraft. The EOS-AM spacecraft includes only one
challenging U.S. instrument, MODIS-N, whereas the
EOS-PM spacecraft includes both the MODIS-N and the
AIRS instruments. Within the funding levels expected for
EOS in the next few years, EOS-PM could not be launched
before 1999 and, if first, would delay the acquisition of all
EOS data. In consideration of schedule and budget
requirements for the EOS-AM and EOS-PM spacecraft, the
Payload Advisory Panel recommended that EOS-AM
launch first.

EOS DATA AND INFORMATION SYSTEM (EOSDIS)

EOSDIS is designed to serve the needs of the entire
Mission to Planet Earth program. It will improve, archive,
and distribute data from the missions that fly in advance of
EOS. U will process, archive and distribute data from, and
will control, the EOS spacecraft.

EOSDIS is designed to be an evolutionary system. It is to
be developed with an open architecture, which will allow
the easy insertion of new technology that comes on the
market, either software or hardware, and will enable the
system to respond to changing user requirements. Indeed,
the management approach for EOSDIS is to (i) build the
system in increments, (ii) try each increment out on the

users, and (iii) make appropriate adjustments at each stage.
This approach will require a highly interactive arrangement
with the contractor who will develop the core of the
EOSDIS system. The contractor will be tasked to perform
prototyping activities, develop the system in successive
versions, each version responding to the lessons of the
previous version, and make appropriate modifications to
respond to changing user needs. EOSDIS is unprecedented
in scope and accessibility. It is larger and more
comprehensive than any previous civilian system; it is more
interactive than any other large data system. We need to
learn as we develop EOSDIS, so that the final system that
results is truly responsive to the needs of all the users of
EOS data.

The first major activity in EOSDIS, known as Version O,
is to develop an experience base for handling large Earth
science data sets by reworking existing data sets into more
user-friendly formats. This effort, of course, has the added
advantage that it will take existing data sets that have been
underutilized and ensure that the information they contain
on key issues of global change is more widely available to
researchers. Examples of data sets that are being reworked
as part of Version O include: Advanced Very High
Resolution Radiometer measurements of sea surface
temperature and vegetation from the NOAA polar orbiting
satellites, Special Sensor Microv/ave/Imager measurements
of water vapor and precipitation from the Defense
Meteorological Satellites, and Multispectral Scanner land
cover data from Landsat.

The subsequent development of EOSDIS will be phased to
meet the requirements of missions that are to fly in advance
of EOS, and then of EOS itself. For example, the required
computing capability and institutional support will be
brought on-line only as is needed to handle the data. Thus,
the restructuring of EOS, which results in delays in some
of the observations from what was expected in the original
program (e.g. the flight of EOS-PM occurs later than the
original large platform), permits the EOSDIS that will be
required by the year 2000 to be smaller than initially
envisioned. This adjustment can be made without altering
the basic architecture, or the evolutionary design of
EOSDIS. However, the budgets for EOSDlS have been
reduced substantially, and scale approximately with the
reduced cost of the space hardware for EOS.

To validate the approach that is being pursued for EOSDIS,
NASA has requested that the National Research Council
convene a panel of experts to review our plans, including
the validation of its engineering and technical underpinning,
and to assess whether current plans provide sufficient
resiliency to be adaptable to changing requirements. The
report is due in the summer of 1992.

K
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The EOS data will be processed, archived and distributed
through Distributed Active Archive Centers, or DAACs,
which are located at major research centers around the
country. The DAACs and their data holdings will be:

Goddard Space Plight Center (Greenbelt, MD.)- Climate
Change, Atmospheric Chemistry, and Biogeochcmistry.

EROS Data Center (Sioux Fall, SD) - Land Surfaces.

Jet Propulsion Laboratory (Pasadena, CA.) - Physical
Oceanography.

Langley Research Center (Hampton, VA) - Radiation
Budget, Clouds and Aerosols and Tropospheric Chemistry.

Marshall Space Flight Center (Huntsville, AL.) -
Hydrological Cycle and Hydrodynamics.

National Snow and Ice Data Center (Boulder, CO.) -
Cryosphere.

Alaska SAR Facility (Fairbanks, AK.) - Sea Ice, Polar
Processes Imagery.

Oak Ridge National Laboratory (Oak Ridge, TN) - Non-
Satellite Trace Gas Flux Data, Data from Field Campaigns

In addition, the ECS data system includes affiliated DAACs
which are designed to serve the needs of specific research
and policy-making communities. The most significant
affiliated center is the Socio-economic Data and
Applications Center (SEDAC) being developed by the
Consortium for International Earth Science Information
Network (CIESIN), located in Michigan. CIESIN has the
responsibility to use the EOS data products to support
socioeconomic studies of the human dimension of global
change. CIESIN will also serve as the interface with the
non-traditional user community such as educators and
policy makers.

Additional DAACs may also be established to take
advantage of unique research capabilities at national
laboratories. The EOS data system and its DAACs are
expected to serve a worldwide user community that could
approach 10,000 scientists.

The EOS data will be acquired through the Tracking and
Data Relay Satellite System (TDRSS) satellite network, and
transmitted to the ground through the White Sands, NM
ground station. The data will then be transmitted to the
NASA facility in Fairmont, WV., where it will be archived
in raw form and distributed to the DAACs for processing
and archiving of the data products. The Fairmont facility
will also coordinate the Independent Verification and
Validation (IV&V) of the EOS data system. Data for

potential future operational instruments will also be directly
downlinked to operational ground receiving terminals.

FOLLOW-ON EOS SPACECRAFT

EOS is to be a long-term program, providing continuous
observations of the causes of global climate change. The
principal EOS spacecraft, EOS-AM, EOS-PM, etc., will
thus be repeated twice on five-year centers for at least
fifteen year coverage. However, the payloads on the
follow-on EOS spacecraft could change, depending on the
evolution of scientific understanding of global change and
the development of technology. For example, the ASTER
instrument on the first EOS-AM spacecraft could be
replaced by the high resolution spectrometer, HIRIS, on the
second EOS-AM spacecraft. Actual decisions on
instruments to fly on follow-on spacecraft do not need to be
made for some years. However, technology development
efforts need to continue to insure that subsequent
generation instruments are available when needed.

INTERDISCIPLINARY INVESTIGATIONS

As part of the EOS piogram, NASA has established 29
Interdisciplinary Teams, whose job it is to develop a
quantitative understanding of the processes which govern
the climate system of the Earth, and to incorporate this
knowledge into predictive models which can serve as the
basis for policy decisions. These Interdisciplinary Teams
are being established at 12 US universities, 7 NASA
facilities, and 9 international research facilities and
universities.

MISSIONS IN ADVANCE OF EOS

In advance of EOS some 16 free-flying satellites will be
launched to make observations of global change on the
Earth. These missions are to be conducted by the US and
our international partners. In addition, three major Space
Lab series will be launched on the Space Shuttle to study
global change, and there will be continuous, routine
observations from the NOAA and military weather
satellites. This extensive period of observations is known
as Phase 1 of the Mission to Planet Earth.

It is important to note that all of the instruments that will
fly on the EOS spacecraft have less capable versions, and
in some cases identical versions, that will fly on these
Phase 1 missions. Thus, Mission to Planet Earth is an
evolutionary program. It is providing important
information on global change today, will provide more
such information throughout Phase 1, and will evolve into
more comprehensive and detailed observations when the
EOS spacecraft fly.
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CONCLUSIONS

The Earth Observing System, including the space
observatories, the data and information system, and the
interdisciplinary global change research effort, are
approved and proceeding. Elements of EOS are already in
place, such as the research investigations and initial data
system capabilities. The flights of precursor satellite and
Shuttle missions, the ongoing data analysis, and the
evolutionary enhancements to the integrated Earth science
data management capabilities are all important building
blocks to the full EOS program. The launch of the first
EOS satellite in mid-1998 will mark a significant milestone
in the achievement of a full long-term global change
observing capability. NASA and its international partners
are commiting substantial resources to a vital global
endeavor which will return benefits for many generations
to come.
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NASA's UPPER ATMOSPHERE RESEARCH SATELLITE:
A PROGRAM TO STUDY GLOBAL OZONE CHANGE

Michael R. Luther

National Aeronautics and Space Administration
Washington, DC 20546
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i. INTRODUCTION

It has been over 15 years since the
potential for stratospheric ozone depletion as
the result of chlorofluorocarbon (CFC) release in
the Earth's troposhere was first brought to
public attention. The ensuing scientific
research has greatly expanded our understanding
cf the Earth's upper atmosphere and has led to
.i:.-i!'.y important social, economic, and political
policy decisions including the 1987 Montreal
Protocol limiting CFC production. However, more
extensive international policy decisions
.i volving millions of people and billions of
d-liars await a more comprehensive understanding
or global upper atmospheric processes and the
implications of those ongoing processes for the
ïrii-;h as a system and its inhabitants. NASA's
Irper Atr.osphere Research Satellite (UARS)
Program is aimed at achieving that
understanding. This program employs satellite
measurements, theoretical investigation and model
ir.alysis, and correlative measurements to
a.-corcplish its scientific objectives.

Ti.e goals of the UARS project are:

o To understand the mechanisms that control
upper atmosphere structure and
variability;

o To understand the response of the upper
atmosphere to natural and anthropogenic
perturbations ; and

o "o define the role of the upper
atmosphere in climate and climate
variability.

;o accomplish these goals, the UARS program is
.-!osigned to specifically investigate:

o Energy inputs and losses

o Photochemistry

o Dynamics

o Coupling between these three fundamental
processes; and

o Coupling between the upper and lower
atmosphere.

In order to conduct these investigations, it is
necessary to make accurate measurements of
temperature, pressure, gas species
concentrations, energy input, and wind in the
stratosphere, mésosphère, and lower thermosphère
(see Figure 1).

250 300

TEMPEDATUIE, K

Fig. 1. Temperature structure of the atmosphere
and nonmenclature for those regions
defined by the temperature structure.

2. Scientific Measurements and Theoretical
Investigations

L1ARS measurements are grouped into three areas:

A. Vertical profiles of temperature
pressure, ozone, and soecies of the
nitrogen, hydrogen, and chlorine
families;

v I-
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B. Energy inputs from solar ultraviolet
spectra and the oagnetosphere; and

C. Horizontal winds as a function of
altitude.

ihe nine instruments selected to make these
measurements are given in Table 1. The ACRIM
instrument will fly on UARS as an "instrument of
opportunity" to continue NASA's series of very
accurate measurements of total solar output.
l'\RS theoretical investigations are given in
Table 2.

In addition to the experimental and theoretical
-.-v.-estigations listed, the UARS program
-!compasses an extensive correlative measurements

program. The UAHS correlative measurements
program will acquire an independent data base of
sufficient size and quality to validate the
results obtained by UARS remote sensors and
provide data on atmospheric properties that are
not measured by UARS, but which will be
complementary to scientific studies using
satellite results. Correlative measurement data
uill come from a variety of sources including
airborne systems, sounding rockets, balloons,
ground-based lidar, and Shuttle underflights. An
international group of thirty-three UARS
Correlative Measurement Investigations have been
selected through the NASA Research Announcement
(NRA) process. Planning is underway for a
coordinated implementation of those
investigations early in the UARS mission.

Table 1. UARS Instruments and Principal Investigators

Species
and
Temperature
Measurements

Wind
Measurements

Energy Input
Measurements

Instrument of
Opportunity

Instrument

CLAES-Cryogenic Limb
Array Etalon
Spectrometer

ISAMS-Improved
Stratospheric and
Mesospheric Sounder

MLS-Microwave Limb
Sounder

HALOE-Halogen
Occultation Experiment

HRDI-High Resolution
Doppler Interferometer

WINDII-Wind Imaging
Interferometer

SOLSTICE-Solar Stellar
Intercomparison
Experiment

SUSIM-Solar Ultraviolet
Spectral Irradiance
lonitor
3EM-Particle Environment
Monitor

ACRIM II-Active Cavity
Radiometer Irradiance
Monitor

Description and
Primary Measurements

Solid cryogen cooled scanning
spectrometer sensing atmospheric
infrared emissions

Mechanically cooled gas
correlation radiometer
sensing atmospheric infrared
emissions

Microwave radiometer sensing
atmospheric emissions

Solar occultation gas correlation
radiometer sensing atmospheric
infrared absorptions

Fabry-Perot interferometer
sensing atmospheric emission
and absorption

Michelson interferometer sensing
atmospheric emission

Full disk solar irradiance
spectrometer incorporating
stellar comparison

Full disk solar irradiance
spectrometer incorporating
onboard calibration

In-si tu energetic electrons
and protons; remote sensing
of electron energy deposition

Full disk solar irradiance
broadband radiometer measuring
solar constant

Investigator. Institution

A. E. Roche, Lockheed
Palo Alto Research Laboratory
Collaborative Investigator:
J. C. Gille, National Center
for Atmospheric Research

F. W. Taylor,
Oxford University, UK
Collaborative Investigator:
J. M. Russell,
NASA/Langley Research Center

J. W. Waters.
Jet Propulsion Laboratory

J. M. Russell. NASA/
Langley Research Center

P. B. Hays, University
of Michigan

G. G. Shepherd, York
University. Canada

G. J. Rottman, University
of Colorado

G. E. Brueckner, Naval
Research Laboratoy

J. D. Winningham,
Southwest Research
Institute

R. C. Willson.
Jet Propulsion Laboratory
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Investigator Investigation
Table 2. UARS Theoretical Investigators

Institution

D.H. Cunnold

M.A. Geller

W.L. Grose

J.R. Holton

J. London

A.J. Miller

A. O'Neill

C.A. Reber

D. Wuebbles

R.W. Zurek

Impact of ozone change on dynamics Georgia Institute of Technology

Dynamics State University of New York
at Stony Brook

Transport, budgets, and energetics Langley Research Center

Wave dynamics and transport

Response to solar variations

Meteorological interpretation

3-D stratospheric model

Analytic-empirical modeling

Chemical, radiative, and dynamic
processes

Radiative-dynamic balance

University of Washington

University of Colorado

National Oceanic and
Atmospheric Administration

United Kingdom Meteorological Office

Goddard Space Flight Center

Lawrence Livermore National Laboratory

Jet Propulsion Laboratory

;. Mission Characteristics

firticularly interesting atmospheric phenomena
•.re known to occur in the Earth's Northern
•'•?~isphere from late December through early
"•!!•ch. Consequently, a fall launch was chosen
•'-:- UAHS to provide measurements by the full
—plercent.of instruments of two Northern
.-isphere winters within the predicted 18-month

.:fetine of the cryogenically cooled CLAES
instrument. The observatory will continue to
-perate well beyond the life of the CLAES
instrument, and other UARS instruments will
continue to measure many of the species measured
by CLAES.

The UARS will be deployed from the Shuttle and
.%ill operate at an altitude of 600 km. Orbital
parameters were carefully selected to provide
global coverage and allow researchers to
distinguish between short-term diurnal effects
,•ir.d long-term latitudinal and seasonal effects.
The precession rate of the UARS orbit provides
global coverage in 36 days, which allows
resolution of diurnal atmospheric effects in a
reasonably short period relative to seasonal
effects. Most of the instruments are limb
viewers (look toward horizon) to provide the
required high resolution in altitude (2-3 km).
L'sing limb viewing instruments combined with the
LiRS 57° orbit inclination allows UARS to make
measurements to 80° latitude, covering better
than 98S of the Earth's surface. This will also
allow UARS to view well into the Antarctic ozone
hole which forms each austral spring. The UARS
1.iunch window (time of day) has been selected to
ei.sure that the observatory is appropriately
positioned to observe the formation of the ozone
hole in late August and September of each year.
The overall mission characteristics are given in
Table 3-

4. Observatory

The observatory is shown in Figure 2 and overall
characteristics are given in Table 4. UARS is
designed around an existing-, flight-proven
spacecraft, the Multimission Modular Spacecraft
(MMS).

In addition to enhancing reliability, this
approach capitalizes on the extensive NASA
development of standard modules for attitude
control, communications and data handling,
electrical power storage and regulation, and
propulsion. Mission unique subsystems include
the instrument support structure, the solar
array, a high-gain antenna for communications,
additional altitude sensors, a solar/stellar
pointing platform, and a déployable boom for the
Zenith Energetic Particle Spectrometer (ZEPS)
portion of the Particle Environment Monitor (PEM)
instrument.

Table 3. UARS Mission Characteristics

Launch Date:
Orbit:
Inclination:
Period:
Latitude Coverage:
Global Coverage Interval:

Fall 1991
bOO km circular
57°
97 minutes
8O0N to 8O0S
36 days
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Fig. 2. The UARS observatory showing the 10
scientific instruments.

LARS is a large payload, filling more than one-
hilf the S'mttle bay and weighing 17,000 Ibs.,
i.-.cludinc; 2000 Ibs. of airborne support equipment
.i'-:ich remains in the Shuttle bay after the
spacecraft has been deployed by the STS Remote
Manipulator System (RMS). The spacecraft is
launched with the solar array, PEM/ZEPS
instrument boom, high-gain antenna, and the
solar/stellar pointing platform in a stowed
condition. The solar array and high-gain antenna
subsystems will be deployed after the spacecraft
has been lifted out of the Shuttle bay, but
before it has been released by the RMS.

All instruments are mounted to a truss-type
structure made of graphite-epoxy tubes connected
by titanium cluster fittings. This stable
structure provides precise alignment and combined
fields of view for the instruments and critical
subsystems through launch and on-orbit. However,
boresight alignments of some instruments and
subsystems will be verified by on-orbit
calibration.

Table I». UARS Characteristics

Wt. of instruments:
Total spacecraft wt.:
Total launch wt.:
Total instrument power:
Total power:
Telemetry rate:
Data storage:
Tape playback:
Data relay:
Stabilization:

2400 kg
6800 kg
7700 kg
786 w
1.6 kw
32 kbps
Two tape recorders
512 kbps
TDRSS (10 min/orbit)
3 axis to 0.10 deg

The 1.6 kw power capability of the observatory is
provided by a solar array that rotates to
maintain solar orientation. Precession of the
orbit plane with respect to the Earth-Sun line
requires a rotation (yaw) of the spacecraft
approximately every 36 days to keep the Sun on
the same side of the observatory to achieve
instrument thermal and pointing requirements and
proper solar array exposure. A hydrazine
propulsion system, magnetic torquers, and
reaction wheels are used for initial orbit
adjustments, drag makeup, yaw maneuvers, and
attitude control.

Three instruments are mounted to the
Solar/Stellar Pointing Platform (SSPP) on the
spacecraft. This platform provides solar
pointing for SUSIM, ACRlM II. and SOLSTICE to
uithin 0.05° and stellar pointing for SOLSTICE to
selected bright stars to within 0.1°.

Communications between the ground and UARS will
normally be through the Tracking and Data Relay
Satellite System (TDRSS). A steerable high-gain
antenna on UARS provide the forward and return
communication links. Real-time data transmission
rate is 32 kbps and tape recorder dump rate is
512 kbps.

Flight operations will be performed by use of the
Goddard Space Flight Center (GSFC) institutional
ir.ission support systems. These facilities will
provide for satellite command and control,
predictive/definitive orbit and attitude
computation, pointing analysis, command
management, data capture, and mission planning.

5. Instruments

The remotely sensed atmospheric parameters and
altitude range of measurements are given in
Figure 3- Most of the critical atmospheric
measurements are made by more than one
instrument. Although the instruments were
selected for their ability to make specific
measurements, the ability to make other
measurements provides redundancy.

These remotely sensed measurements, along with
the in-situ measurements of solar electromagnetic
and magnetospheric energy inputs, will provide
the coordinated data needed to understand the
mechanisms controlling upper atmospheric
structure. Instrument characteristics are given
in Table 5- The following is a brief description
of each instrument.

5.1 CLAES

The Cryogenic Limb Array Etalon Spectrometer
(CLAES) will determine concentrations of members
of the nitrogren and chlorine families, as well
as ozone, water vapor, methane, and carbon
dioxide, through obervations of infrared thermal
emissions at wavelengths fro» 3.5 to 12.7
microns. To obtain a verticle profile of species
concentration, CLAES utilizes a telescope, a
spectrometer, and a linear array of 20 detectors
to make simultaneous measurements at 20 altitudes
ranging from 10 to 60 km.
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Upper Atmosphere Research Satellite
Remote Atmospheric Sensors
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Fig. 3- UARS remote atmospheric sensors will make comprehensive measurements of
wind, temperature, pressure, and gas species concentrations in the altitude
ranges shown above.

1

^•e CLAES instrument is cooled by a two-stage
'.,-•on and CO2 cryogenic system. The CLAES
detectors operate below 15K while the
spectrometer and telescope operate at less the
i",K and 15OK, respectively.

5.2 ISAMS

Ti'.e Improved Stratospheric and Mesospheric
Sunder (ISAMS), a pressure malulated gas filter
radiometer, observes infrared molecular emissions
t.y means of a movable off-axis reflecting
telescope. In addition to scanning the
atmosphere vertically, the telescope can also be
ccramanded to view regions to either side of the
- \RS observatory, thus providing increased
geographic coverage. The ISAMS instrument
utilizes a Stirling-cycle refrigerator to cool
its 8 detectors to below 9OK.

The ISAMS experiment will measure the
concentrations of nitrogen chemical species, as
.-ell as ozone, water vapor, methane, and carbon
nonoxide, through observations in the infrared
spectral region from 11.6 to 16.6 microns. This
instrument is an improved version of one that
operated from 1978 to 1983 aboard Nimbus-7.

5.3 MLS

The Microwave Limb Sounder (MLS) will measure
emissions of chlorine monoxide, water vapor, and
ozone in the microwave spectral region at
frequencies of 63. 183. and 205 CHz (i.e.,
wavelengths of b.8, 1.61J, and 1.1»6 mm). The

observations of chlorine monoxide are of
particular importance, since this gas is a key
reactant in the chlorine chemical cycle that
destroys ozone; microwave measurements are
essential for observations of this species, and
MLS is unique among the UARS instruments in
providing microwave sensitivity. The HLS
observations will provide, for the first time, a
global data set on chlorine monoxide in the upper
atmosphere. MLS will also determine the
altitudes of atmospheric pressure levels.

5.It HALOE

Through measurements of atmospheric infrared
absorption at wavelengths from 2.43 to 10.25
microns, the Halogen Occultation Experiment
lHALOE) will determine the vertical distributions
of hydrofluoric and hydrochloric acids as well as
those of methane, carbon dioxide, ozone, water
vapor, and members of the nitrogen family.

The HALOE instrument is a gas correlation
radiometer making solar occulation
measurements. During every UARS orbit at times
of spacecraft sunrise and sunset. HALOE will be
pointed toward the Sun and measure the absorption
of energy along the line of sight. There are 28
solar occulation opportunities per day, providing
data for 14 different longitudes in each of the
Northern and Southern Hemispheres.
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Table 5. UARS Instrument Characteristics

Instrument

CLAES

ISAHS

HLS

HALOE

HRDI

WINDII

SOLSTICE

SUSIH

PEM

ACRIH II

Wt.
Kg.

1290

155

283

101

167

150

20

104

102

23

Pwr.
(avg)
watts

32

154

185

135

86

85

8

21

82

10

Channels

1

8

3

8

1

1

3

2

**

3

Spectral
range

3.5-12.7 m

4.6-16.6 m

63-205 GHZ

2.4-10.3 m

100-800 no

550-780 nm

115-430 nm

120-400 nm
•«

<0.2-50» m

Spectral
res.

.25cm'1

gas filter

50 HH2

gas filter

10" 3 nm

10'2 nm

.1 nm

.1 nm

»*

broad band

Altitude
res.

2.8 km

2.6 km

3.0 km

2.0 km

4.0 km

4.0 km
*

«

»»

»

Altitude
range

10-60 km

15-60 km

15-85 km

10-60 km

10-120 km

80-300 km
«

»

•*

*

• Solar pointed
** Hulti-channel, in-situ energetic particle measurements

7-5 HHDI

The High-Resolution Doppler Imager (HRDI) is a
triple étalon Fabry-Perot interferometer.
At altitudes below about 45 km. the HRDI
instrument will observe the Doppler shifts of
spectral lines within the atmospheric band system
of molecular oxygen to determine the wind
field. At altitudes above about 60 km. HRDI will
observe emission lines of neutral and ionized
atomic oxygen in the visible and near-infrared
spectral regions by the same interferometric
technique. Unlike the molecular absorption
lines, however, the emission lines are observable
both day and night.

The HRDI instrument incorporates a baffled, off-
axis telescope on a two-axis gimballed structure,
uhose motion is controlled by a microprocessor.
.An altitude scan is typically executed first in
the direction forward of the spacecraft
velocity. The telescope is then rotated backward
for a second altitude scan, which yields
measurements of the same atmospheric region some
7 minutes after the first scan; this interval is
short compared to characteristic timescales for
changes in the wind field. The HRDI field of
view allows a vertical resolution of 4 km at the
Earth's limb.

5.6 WINDII

The Wind Imaging Interferometer (WINDII) utilizes
emission lines for the basic Doppler-shift
measurements. In addition to lines of neutral
and ionized atomic oxygen, these include two
lines of the OH molecule and a molecular-oxygen
line. WINDII will obtain measurements both day
and night at altitudes above 80 ko.

The WINDII spectral filter is a high-resolution
Michelson interferometer. The instrument
consists of a telescope, the interferometer, and
a detector array. The telescope views 45° and

135° from the spacecraft velocity vector
simultaneously. In normal operation, the
detector provides a vertical resolution of about
4 km at the Earth's limb.

5.7 SUSIM

The Solar Ultraviolet Spectral Irradiance Honitor
(SL1SIM), to be mounted on the UARS solar/stellar
positioning platform, will measure solar
ultraviolet radiation in the wavelength range
from 120 to 400 nm with a resolution down to
0.1 nm. The instrument is designed to provide
its own long-term, absolute calibration light
sources to track any change in instrument
response during spaceflight.

SUSIM incorporates two spectrometers, seven
detectors, and a set of four deuterium
ultraviolet calibration lamps. One spectrometer
will observe the Sun and measure the variation in
solar ultraviolet flax as a function of time.
i>hile the second will monitor the calibration
lamps. One of the four deuterium lamps within
the instrument will serve as a calibration
source. Once each day. this ultraviolet lamp
uill be turned on and positioned sequentially in
front of each spectrometer. Stability in the
output of this primary deuterium calibration lamp
will be verified against the other three lamps,
which will be utilized weekly, monthly, and
annually for additional confidence in the
calibration.

5.8 SOLSTICE

Also mounted on the solar/stellar positioning
platform, the Solar/Stellar Irradiance Comparison
Experiment (SOLSTICE) will measure solar
ultraviolet radiation in the wavelength range
from 115 to 430 nm with a resolution of 0.12
nm. This instrument has the unique ability to



957

compare the solar ultraviolet output with the
ultraviolet radiation of stable bright blue
stars, using the same optics. These stars thus
constitute the standards against which the solar
it-radiance is measured. In the future,
instruments similar to SOLSTICE can be placed in
orbit to continue measurements of the solar
output relative to these stellar calibration
standards, thus creating a record of the long-
term variation of the solar ultraviolet spectrum.

The experiment consists of a spectrometer with
three spectral channels, each with a separate
grating and photomultiplier tube. SOLSTICE will
be pointed toward the Sun during the daylight
portion of each orbit, and toward one of the
calibration stars during most of the nighttime
portion of the orbit. To accommodate the large
difference in signal strength between the solar
and stellar measurements, SOLSTICE can vary the
J^iration of the measurement from 1 second to 17
nunutes, the spectral bandpass from 0.1 to 5-0
:m, and the area of the entrance slit by a factor
of 10.000.

PEM

The Particle Environment Monitor (PEH) instrument
•«ill determine the type, amount, energy, and
listributicr. of charged particles injected into
t!,e Earth's thermosphère, mésosphère, and
stratosphere. PEM will utilize three separate
toom-mounted sensors to measure electrons with
energies from 1 eV to 5 MeV. protons with
energies from 1 eV to 150 MeV, and the strength
of the Earth's magnetic field—all in the
vicinity of the spacecraft.

To complement these in situ particle
measurements, PEM will include a 16-element array
of X-ray detectors to provide wide spatial
coverage of the energy injected into the upper
atmosphere by high-energy electrons. As these
electrons are slowed in their passage through the
rit.iosphere. X-rays are emitted and scattered in
all directions. PEM will provide X-ray images in
the energy range from 2 to 50 keV.

5.10 ACRIM II

The Active Cavity Radiometer Irradiance Monitor
II (ACRIM II) instrument is an instrument of
opportunity of UARS which will continue NASA's
commitment to long-term, highly accurate
measurements of the total solar irradiance. The
ACRIM II is a follow-on instrument to the ACRIM I
instrument flown on the Solar Maximum Mission.

6. Ground Data Processing and Data Analysis

L'ARS telemetry data flow to the mission-unique
Central Data Handling Facility (CDHF) is shown in
Figure It . Data are relayed by means of the TDRSS
satellite to a ground station at White Sands, New
Mexico. Frot» there, they are sent via the NASCOM
network to the Data Capture Facility (DCF), which
decommutates and formats the data before sending
them to the UARS CDHF.

Fig <). Block diagram of the UARS Central Data
Handling Facility (CDHF), Remote
Analysis Computers (RACs), and mission
operations elements.

The CDHF is a dedicated UARS facility that
provides on-line storage (optical disks) of
several levels of processed data to the L'ARS
principal investigators. Remote Analysis
Computers (RACs), located at the investigator's
sites, will be used to access the data. The CDHF
catalogues and indexes the data to permit
searches for specific data characteristics.

Four levels of processed data are available to
the users.

1. Level O - Raw telemetry data

2. Level 1 - Conversion to physical
parameters (radiances, etc.)

3. Level 2 - Conversion to geophysical
parameters (specie
concentrations, etc.)

4. Level 3 - Conversion to gridded
(latitude-longitude)
geophysical parameters

Definitions o? Levels 1. 2, and 3 are somewhat
different for the energy input data.
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In addition to data base management and
production processing, the CDHF also provides
interactive data processing by the investigators
from their RACs and provides a communication link
between the investigators and other investigators
nnd the central institutional facilities at OSFC
used for mission operations. The RACS are
Irimarily used for data processing alorithm
J-'velopment, data analysis, data validation, and
mission operations support. To support these
activities, the CDHF has a processing speed of
I'-tQ million instructions per second (MIPS) and
2=>6 Gigabytes of storage.

Investigators will conduct a variety of analysis
n:id modeling studies using the entire data set.
Although an individual investigator may emphasize
ridiative, photochemical, or dynamical processes,
collaboration among investigators in
complementary ways will provide knowledge of
coupling among the processes. After the mission,
the processed data will be available through the
\ntional Space Science Data Center (NSSDC).

7. Summary

lite Upper Atmosphere Research Satellite is a
~njor initiative in the NASA Office of Space
Science and Applications, and is the prototype
f;r NASA's Earth Observing System (EOS) planned
for launch in the date 1990's. The UARS combines
n balanced program of experimental and
theoretical investigations to perform diagnostic
studies, qualitative model analysis, and
quantitative measurements and comparative studies
r the upper atmosphere. UARS provides

theoretical and experimental investigations which
F irsue four specific research topics: atmospheric
energy budget, chemistry, dynamics, and coupling
processes. An international cadre of
investigators has been assembled by NASA to
accomplish those scientific objectives. The
observatory, its complement of ten state-of-the-
art instruments, and the ground system are
nearing flight readiness. The timely UARS
program will play a major role in providing data
to understand the complex physical and chemical
processes occurring in the upper atmosphere and
answering many of today's questions regarding the
health of the ozone layer.
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NASDA1S EARTH OSSERVATION SATELLITE PROGRAM
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ABSTRACT

NASDA has launched several earth observation satellites
ari.l now being developed another one. The summary of
these arc presented with future possible earth observation
satellite (Table 1). These satellites bring massive data to
the ground stations. NASDA has recognized it important
that these data should be archived and processed
appropriately, and that these should be utilized by the
scientists in the world through the world wide data access
network.

MOS-I Program

Marine Observation Satellite-] (MOS-I) was launched in
1987 by N-II rocket carrying three kind of sensors. Multi-
spectrum Electronic Self-scanning Radiometer (MESSR),
Microwave Scanning Radiometer (MSR) and Visible and
Thermal Infrared Radiometer (VTIR). This satellite is still
operable beyond its two years of design life. In addition,
its Prototype Model was also launched in 1990 as MOS-Ib
by H-I rocket after refurbishing.

There arc eleven ground stations in the world today which
receives the data from MOS-I and -Ib. MOS-I program
contributes the international cooperation in the field of
providing earth observation data. NASDA has started to
accumulate the regional sea surface temperature data set by
review adopting new compensation method consists of
elimination of cloud and atmospheric compensation.

.IERS-I Program

NASDA has launched Japanese Earth Resource Satellite-1
(JERS-I) on February 11, 1992 by the last H-I rocket.
JERS-I is a joint development program between Science
and Technology Agency (STA) /NASDA and Ministry of
International Trade and Industry (MITI) of Japanese
government. MITI developed mission equipment which
consists of two sensors. Synthetic Aperture Radar (SAR)
and Optical Sensor (OPS), and mission data processing
equipment.

GMS-S Program

NASDA has developed Geostationary Meteorological
Satellite (GMS) series greatly relying on GM Hughes and
launched them for Japanese Meteorological Agency
(JMA). GMS-4 which was launched by H-I rocket in
September 6, 1989, is operational now and it can take
pictures of the whole Earth every hour. GMS-5 is
underdeveloped and will be launched in early 1994 by H-II
rocket with other payload. Space Flyer Unit (SFU). CMS
scries satellite is indispensable for daily weather
forecasting not only in Japan but also many pacific
countries including Australia. We think GMS series
satellite should be launched one by one before expending

out its lilc !.. orbit without setting a gap. It would be
difficult to change imaging system on the satellite because
it brings about the change in ground system also.

ADEOS Program

Advanced Earth Observing Satellite (ADEOS) is a large
enough satellite which could be called a polar orbiting
platform. The weight is 3.5 ton, and its power is 4.5 KW
at the end of three years of mission life. Although it was
scheduled to be launched in early 1995 by H-II rocket, one
year of delay may be inevitable for the present. Phase D of
ADEOS development has been started.

ADEOS carries two core sensors and six Announcement
Opportunity (AO) sensors. The core sensors are called the
Ocean Color and Temperature Scanner (OCTS) and the
Advanced Visible and Near Infrared Radiometer (AVNIR),
which are being developed by NASDA.

The AO sensors are NASA Scatterometer (NSCAT) of
NASA/JPL, Total Ozone Mapping Spectrometer (TOMS) of
NASA GSFC, Polarization and Directionality of the Earth's
Reflectances (POLDER) of CNES, Inlerferomeiric Monitor
for Greenhouse gasses (IMG) of MITI, Improved Limb
Atmospheric Spectrometer (ILAS) of Environment Agency
of Japanese government, and Retroreflector In Space (RIS)
of also EA. ADEOS is the first NASDA's satellite which
offered the opportunity of the other sensors on board it to
oversea organizations as a part of international
cooperation.

TRMM Program

Tropical Rain Measuring Mission (TRMM) is a joint
program between NASA and NASDA. TRMM is developed
by NASA GSFC and launched by H-II with other payload.
Engineering Test Satellite-VD (ETS-VII). NASDA is also
responsible for providing precipitation Radar (PR) on
board TRMM. NASDA develops PR taking over the phase
A st.jy result conducted by Communication Research
Laboratory (CRL).

ADEOS-II Program

Japanese scientists group presented a recommendation on
future earth observation program in August, 1990. In this
summary they proposed as the candidate payload three
instruments, Advanced Microwave Scanning Radiometer
(AMSR), Global Imager (GLI), and Experimental Light
Detection And Ranging (LIDAR).

ADEOS-II is now planning to be launched as the follower
of ADEOS. Three core sensors are considered. They are
AMSR, GLI and AVNIR which is same as the one on board
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ADEOS. The AMSR has been once proposed to EOS-A of
NASA and not selected. GLI is the greatly improved
version of OCTS. LIDAR was not selected because NASDA
has not conducted enough research of it. In the same way
as ADEOS1 AO will be issued for looking for sensors on
board ADEOS-Ii before s arting phase B.

Earth Observation Data System

The earth observation raw data is recorded by High Density
Digital Tape (HDDT) first. Then Computer Compatible
Tape (CCT) is produced for the research and other general
use. HDDT is archived. This basic system was established
and followed in the world when LANDSAT began to send
remarkably clear land surface image data.

Recently two issues are recognized. That is, firstly
archiving tape requires huge stock and tape maintenance
work has become enormous. Secondly effective use of
precious observation data is desired. The first issue is
being solved by the recent progress in the opto-
electronics. Regarding second issue, Committee on Earth
Observation Satellite (CEOS) proposed master directory
system a few years ago. Then, International Directory
Network (IDN), former Prototype Interconnected Directory
(PID) system has been established among NASA, ESA and
NASDA (Fig.l). The CEOS has also pointed data set itself
should be user friendly.

Earth Observation Center (EOC) of NASDA plays the
Japanese IDN node role. EOC people are making effort to
increase the directory of NASDA's earth observation data
and preparing on line data retrieval system for further
detail information on the data.

Conclusion

Earth observation satellite program in NASDA past and
near future was summarized with earth observation data
system. It is impartant to use them effectively. In this
sense data network system should be evolved more than as
is.

Table 1 NASDA's Earth Observation Satellite Program

S/CL Status
MOS-I1MOS-Ib Dual Operation Conducted

Development of Dataset of Polar Ice
and Sea Surface Temp. Started

IERS-I Launched on February 11,1992
Selected 251 Proposals on Verification
Research Program

GMS-5 Phase D, Launch in Early 1994
ADEOS Phase D. Launch in 1995
(TRMM) Precipitation Radar; Phase B, Launch

in 1996
ADEOS-D Phase A

User

31=1
Fig. 1 Earth Observation Satellite Data Information Network

'• I
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ABSTRACT

The successful Meteosat series of geostationary satellites has
been in operation since the late seventies. The data obtained
from these satellites have proved of immense value to
operational weather forecasters and meteorological
researchers. Millions of people in Europe are familiar with
Meteosat images seen each day in weather presentations on
television.

The paper will describe the Meteosat system, including the
space and ground segments and the meteorological products
obtained and how these are acquired by the end-users. In the
spirit of the ISY "Mission to Planet Earth", the contribution
of meteorological satellites to the benefit of mankind will
also be covered.

Introduction

EUMETSAT is an independent, intergovernmental
organisation of 16 European States. It came in to being on 19
June 1986, the day on which its Convention came into force.
Its primary objective is to establish, maintain and exploit
European systems of operational meteorological satellites.
The 16 Member States which participate in EUMETSAT are:
Belgium, Denmark, Germany, Finland, France, Greece, Italy,
Ireland, the Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, Turkey and the United Kingdom.

EUMETSAT is governed by a Council with delegates from
all participating States. The Council meets two or three times
a year and is supported by committees advising on
administration and finance, scientific and technical matters,
and policy issues. The day to day activities of the organisation
are conducted by a Secretariat, consisting in early 1992 of a
Director with 60 staff. The headquarters of EUMETSAT are
located in Darmstadt in Germany.

In January 198/, EUMETSAT took over responsibility for
the continuation of the Meteosat Operational Programme
started by ESA. It now funds all of the Meteosat activities,
although ESA continues to launch and operate the satellites
on behalf of EUMETSAT.

There are two independent inter-governmental agencies
funded by the European meteorological community,
EUMETSAT and the European Centre for Medium Range
Weather Forecasts (ECMWF), the latter based in Reading,
England. ECMWF was founded more than a decade ago and
prov'rles its forecasts and products to the National
Meteorological Services. In comparison, the role of
EUMETSAT is quite different in its support of National
Meteorological Services: it provides image data and
observational products derived from satellite data but does
not conduct any form of weather forecasting, this being the
domain of the National Weather Services.

The Meteosat Operational Programme (MOP)

The initial task of EUMETSAT is the continuation of the
Meteosat satellite system. The successful Meteosat series of
geostationary satellites has been in operation since the late
seventies with the pre-operational phase utilising Meteosat-1
and Meteosat-2. This latter satellite was still providing images
until it was removed from geostationary orbit in December
1991, with just over 10 years of reliable service. Meteosat-3,
a refurbished pre-operational prototype satellite was launched
in 1988 to continue this service. ESA provided these pre-
operational satellites and EUMETSAT has paid all
operational costs since 1987. This was governed by an
agreement concluded in January 1987, between EUMETSAT
and ESA, whereby EUMETSAT took full responsibility for
the MOP while ESA continued to execute the programme on
EUMETSAT's behalf.

As a continuation of this initial programme EUMETSAT also
completely funds the Meteosat Operational Programme
(MOP), including the launch at intervals from 1989, of a
further three satellites of similar design. Meteosat-4, the first
of these new satellites, was launched in March 1989 and
Meteosat-5 in March 1991. Meteosat-6 ready for launch in
1993 or when required. This initial series of Meteosat is
aimed at providing a continuous and reliable operational
meteorological satellite observing system until the end of the
MOP in 1995.

Looking beyond this first series of operational satellites,
EUMETSAT is conducting studies with ESA on the creation
of a second generation of Meteosat (Meteosat Second
Generation - MSG) which is planned to come into service
towards the end of the decade. To ensure that there is no gap
between the MOP satellites and MSG, a Meteosat Transition

P'oceedings o! the Central Symposium of Ihe 'International Space Year Conference HeIO in Munich. Germany. 30 March-4 April 1992
iESA SP 341 July 19921
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Programme (MTP) has been initiated. This will entail the
launch of an additional Meteosat satellite of similar design to
the current system with a set of spare components for use if
a further launch is necessary.

The Meteosat System

The Meteovat system comprises two major components: a
Space Segment and a Ground Segment. The Space segment
consists of one or more spin-stabilised satellites in
geostationary orbit at 36.000 km above the earth, the primary
satellite being located at the crossing of 0° longitude with the
Equator (over the Gulf of Guinea). A back up satellite is
normally kept in hibernation a few degrees longitude to the
west.

The major components of the Ground Segment are the Data
Acquisition Telecommand and Tracking Station (DATTS),
the Meteosat Ground Computer System (MGCS), the
Meteosat Operations Control Centre (MOCC), and the
Meteorological Information Extraction Centre (MIEC). The
MGCS, MOCC and MIEC are located at ESOC in
Darmstadt, Germany and the DATTS is situated in open
countryside about 40 km from the ESOC facilities. The
DATTS and ESOC facilities are connected by high speed
data links.

The Meteosat Spacecraft

Meteosat is 2.1 m in diameter and about 3.2 m high and its
weight at the start of its life in orbit is 320 kg, including 32
kg of hydrazine propellant used for orbital manoeuvring. In
its orbital position it spins at K)O rpm about its main axis
which is aligned approximately parallel to the Earth's North-
South axis.

Meteosat's large cylinder, contains most of the satellite
subsystems, including the radiometer. Its surface is covered
with solar cells which provide electrical power. The surface
of the smaller cylinder of Meteosat is covered with an array
of dipole antenna elements. Each element is activated in turn
by electronics within the cylinder and acts as an electrically
de-spun antenna for s-band communications. The two
cylinders at the top of the satellite are torroidal pattern
antennae for s-band and low UHF respectively.

Meteosat utilises two frequency bands for communications:
s-band (1670 to 2110 MHz) is used for transmission of raw
image data to the ground station, for relay of processed
image data from the central ground station to user stations,
for Meteorological Data Dissemination (MDD) transmissions
and for control of the satellite: UHF (402.2 MHz band) is
used for reception of data from Data Collection Platforms
(DCP).

Meteosat Image Acquisition

The main payload on board Meteosat is a high resolution
radiometer which allows continuous imaging of the earth in
three spectral bands (visible - VIS, Infra-red - IR, and water
vapour - WV). A major feature of the radiometer optical
system is a movable telescope mounted on two flexible plate
pivots with a high precision stepping mechanism controlling
its movement.

At each revolution of the satellite the radiometer telescope
is stepped by a precise increment from south to north,
resulting in a series of east to west scan lines which progress

northwards in steps eventually completing a full earth disc
image of 2500 such lines in 25 minutes. In each of the 2500
lines making up an infra-red or water vapour image there are
2500 pixels (picture elements). For visible images, iwo
simultaneous channels are operated, each looking at alternate
lines of 5000 pixels. This leads to the higher resolution of
5000 lines of 5000 pixels in visible images.

At the end of the 25 minute full earth scan, the radiometer
telescope is moved back to its starting position, calibration
and stabilisation operations conducted and the process of
step by step earth scanning recommenced. Communication of
the raw data to the ground processing facilities is conducted
as each line is scanned, utilizing a data transmission rate of
333 Kb/Sec with memory buffering on board the satellite.

Meteosat Image Dissemination

Following processing by the Meteosat Ground Computer
System, image data are transmitted back to the satellite for
relay to users with receivers within range of the operational
Meteosat. This ensures that operational meteorological
services receive regular half hourly images in the visible,
infra-red and water vapour parts of the spectrum.

Figure 1 Examples of Meteosat images;
Visible (left), Infra-red (centre) and

Water Vapour (right)

These images are used for weather analysis and for short
period weather forecasting. Techniques range from the
simple observation of cloud movement from the image on a
visual display screen to more complex analysis involving
pattern recognition by sophisticated computer software on
advanced computer workstations.

Weather information is highly perishable and must therefore
be made available as quickly as possible to the weather
forecasters in the many countries which use Meteosat. It is
for this reason that two independent image dissemination
systems are used. The primary system uses a dedicated
communication channel to relay ful l resolution digital
imagery from Darmstadt via Meteosat to Primary Data User
Stations (PDUS).

A PDUS typically consists of an antenna of about 3 m in
diameter, a receiver, frame and bit synchronizers and a small
computer with associated peripheral equipment. The user can
manipulate the received data in the most optimum way for
the application by flexible utilization of the PDUS computer
power and its peripherals. A typical PDUS may include a
television-like display for presentation of images in original
grey levels or high resolution graphic displays for added false
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colour, image manipulution or .superimposition of other
meteorological data. A wide selection of PDUS systems is
available from a number of manufacturers and can range
between the sophistication required by a National Weather
Service to a much simpler system used by a school and based
on a personal computer and using a smaller antenna.

Data are received at a rate of 166 Kb/Sec and images of the
fu l l earth disc may be displayed every half an hour together
with much more detailed images of the European sector.
Over 120 PDUS systems are currently registered as being in
operation within the field of view of Meteosat (fig 2) which
includes Europe, Africa, parts of America and the Middle
East.

Figure 2 Meteosat field of view

When complex image manipulation is not necessary, smaller
less expensive user stations are able to receive image data in
analogue form. This is achieved by the WEFAX
dissemination Mission and Secondary Data User Stations
(SDUS). A much smaller antenna of about l-2m diameter
may be used to receive WEFAX signals from Meteosat and
the remainder of the system can be as simple as a receiver
and a recording device such as a tape recorder or simple
facsimile machine to reproduce images on paper.

The WEFAX system has been coordinated among all
operators of geostationary meteorological satellites and uses
a similar data format to that used for the Automatic Picture
Transmission (APT) system used on the polar orbiting
meteorological satellites of the USA and CIS (former USSR).
This means that such data user stations can be nearly
identical anywhere in the world. Over 1100 of these Meteosat
SDUS systems are in current use.

Data Collection and Distribution

A Data Collection System (DCS) is supported by Meteosat.
Environmental data collection platforms in remote or
inhospitable locations are able to transmit information
through dedicated transponders on board Meteosat. The data
are relayed via the satellite, received in Darmstadt and
transmitted to the user community through conventional
meteorological communication systems and also via the
satellite to modified SDUS-class user stations. Coordination
of this system with other operators of geostationary satellites
enables the use of mobile DCP installed in aircraft (ASDAR
- Aircraft to Satellite Data Relay), ships (ASAP - Automated
Shipboard Aerological Programme) and on floating ocean
buoys for the reporting of environmental data anywhere in
the world. This is accomplished using coordinated
communications facilities provided by geostationary satellites
of USA and Japan in addition to Meteosat. The Meteosat-
based DCS is also used to receive reports from automatic

weather stations in many European countries as well as from
DCP installed in Africa under programmes coordinated with
the World Meteorological Organization (WMO).

Meteorological Data Distribution (MDD)
The Meteorological Data Distribution (MDD) mission is
supported by all MOP satellites. It is designed to improve the
communication of meteorological information, in both
graphical and alphanumeric form, particularly in Africa
where current systems are often slow and unreliable. The
meteorological information is transmitted to Meteosat via
two up-link stations, one located in Bracknell (UK) and the
othet in Rome (Italy). The Bracknell up-link carries mainly
graphical data while the Rome station is used mainly for
alphanumeric information. The packaging of the two data
types is similar thus facilitating the operation of combined
data, in back-up mode, if either station becomes inoperative.
User stations require a 1.8 m antenna (which may be shared
with a SOUS station), a receiver and microcomputer with
appropriate peripherals such as graphic display and printer.

From early 1992, MDD broadcasts will be encrypted and
meteorological services intending to use the system have to
apply to EUMETSAT for a licence and appropriate
decryption equipment. Meteorological Services of WMO
Member States have free access to the encrypted data in
accordance with EUMETSAT Data Distribution Policy.

Meteosat Operational Systems for data
Acquisition and Interchange (MOSAIC)

Four of the Meteosat missions can be combined by the user
to provide a cost effective integrated meteorological data
access system known as Meteosat Operational System for
data Acquisition and Interchange (MOSAIC). This enables
the combination of display of satellite imagery, local reports
from DCS and a range of conventional meteorological charts
and forecasts obtained from MDD. Various modes of
operation are available ranging from the simplest equipment
based on the SDUS system to a multi-function powerful
PDUS system using digital imagery (See figure 3).

*

local kMUorologlcal wortitanooi

Figure 3 MOSAIC - Integrated use of
standard Meteosat missions

Extraction or Meteorological Products

Meteorological parameters are routinely extracted from
Meteosat image data. This is carried out in the
Meteorological Information Extraction Centre (MIEC)which



964

is part of the Meteosat ground system located at ESOC in
Darmstadt. A highly automated computer based system is
used for the regular production of meteorological
information. This is complemented by an interactive man-
machine interface by which a meteorologist can monitor and
control the quality of the products generated by the
automated system.

The meteorological products produced by the system include
cloud motion vectors, cloud analysis (percentage cover and
cloud top temperature), sea surface temperatures, upper
tropospheric humidity and maps of cloud top heights. In
addition to these parameters used in support of operational
meteorology, other data are extracted and archived for use in
climate studies. The information is stored as a compact
summary of results in a reduced resolution format required
by the International Satellite Cloud Climatology Project
(ISCCP). In this format, one month of data can be provided
on a single computer magnetic tape, making it ideal for
climate studies of cloud distribution. Bi-dimensional
histograms from image data are also prepared for the Global
Precipitation Climate Project (GPCP) for the estimation from
cloud patterns of global precipitation patterns.

The routinely produced meteorological products are
converted into standard WMO coded messages and passed
along a direct link between ESOC and the Regional
Telecommunications Hub at Offenbach ready for distribution
to the world meteorological community over a global
transmission system. These products are also archived to
magnetic cartridge tape in ESOC. Cloud top height maps are
distributed through Meteosat's analogue image dissemination
system.

Meteosat Data Archiving

Dating back to 1978, Meteosat images and derived products
are stored at ESOC on computer compatible magnetic media.
Standard 6250 bits per inch (bpi) tapes were used until
January 1990 when high density cartridge storage was
introduced. Under the terms of the EUMETSAT-ESA
agreement for the Meteosat Operational programme, ESA
takes over the responsibility for these data five months after
its acquisition and operates an archive retrieval service within
the framework of the ESA Earthnet activities. Individual
Meteosat images or image sectors can be retrieved from the
archive on computer compatible tape or as high quality black
and white photographic prints. To-date there are about
28,000 tapes and cartridges in the Meteosat archive.

International Cooperation

Weather satellites play a highly important role in the
international cooperation between meteorologists. During the
1970's a system of geostationary weather observing satellites
evolved in parallel with the lower flying polar orbiting
satellites which commenced operation in the previous decade.
There are currently five geostationary meteorological
satellites operated by the USA, EUMETSAT, India and
Japan. Additional geosatationary satellites from the CIS
(GOMS) and PRC (FY2) are planned for launch during the
next 3 years. The information from geostationary satellites is
complemented by measurements from polar orbiters operated
by the USA, CIS and PRC (See Tables 1 and 2 for specific
details of these satellites).

TaNeI

CURRENT AND PLANNED GEOSTATIONARYSATELLITES

SATELLITENAME

GOES WEST

OPERATIONAL
LOCATION

135° West

OPERATOR

USA

GOES EAST» 75° West USA
•Thii utetlile it temponrily Kpliced by Meteout-3 poliliooed it 50' WuI «ad

opmltd by EUMETSAT

Manual

INSAT

GMS

GOMS

FY2

0° Longitude
74° East

140° East

76° East
(Planned)

105°-110°East
(Planned)

EUMETSAT

Indu

Japan

as

PRC

Table 2

CURRENT POLAR ORBITING SATELLITES
Satellite Name

FYlB
NOAA series
METEOR series

Operator
PRC (Experimental)
USA (Operational)
CIS (Operational)

The Coordination Group for Meteorological Satellites
(CGMS) came into being in 1972 when representatives of
space agencies created a forum to discuss and formulate
operational and technical coordination policies governing the
collection and dissemination of meteorological satellite data.
Since its creation the CGMS has met regularly, holding to
date some 20 meetings, hosted in one of the Mçmber
Countries. Meetings have been in far ranging locations, for
example in Washington DC, Geneva, Germany and Tashkent,
USSR. The 1992 meeting was held in Tokyo, in January.

The current membership of the CGMS includes
EUMETSAT, India, Japan, the Peoples' Republic of China,
USA, USSR and the World Meteorological Organization
(WMO). In 1990 it reviewed its organisation and created a
formal charter with a mandate covering both geostationary
and polar orbiting meteorological satellite systems.
EUMETSAT currently performs the Secretariat duties for the
CGMS.

Since its creation, the CGMS has coordinated ideas on
meteorological satellite design and operational matters and
an important success has been the achievement of worldwide
coverage from systems which are operated independently.

The CGMS has actively considered the means of ensuring
operational continuity and reliability of the global coverage
of meteorological satellites. In particular, a "help your
neighbour" concept has been encouraged. This involves the
deployment of spare in-orbit satellites to neighbouring areas
in time of need caused by the failure of an existing satellite
or one of its functions. In this situation, the control of the
"loaned" satellite remains with the owner.

In the past EUMETSAT was able to make use of the USA
GOES-4 satellite when the data collection and relay system
on Meteosat-2 failed and more recently a spare Meteosat
satellite was moved to a position over the Western Atlantic
to fill a temporary gap in the coverage due to failure of one
of the USA's geostationary satellites. This service is due to be
extended at the end of 1992 for at least a further year and



\
965

1

will involve the repositioning of Meteosat-3 further west over
the USA to enable production of images covering both east
and west coasts of the continent. The coverage from
Meteosat-3 will also include images of South America and
neighbouring oceans and will help the international
meteorological community with early recognition and
forecasting of hazardous weather phenomena.

Other achievements of the CGMS include the establishment
of international standards for image distribution and for data
collection from environmental observing stations. Through
this cooperation the same type of receiving station can be
used worldwide. Furthermore, ships and aircraft, when
travelling around the world, can report weather conditions
continuously through one or more of the satellites
coordinated by the CGMS.

Concluding Remarks

Meteorology is a truly global science; weather systems move
freely in the atmosphere and exhibit little regard for national
borders. Storms never differentiate between which houses to
damage, which travellers' lives to endanger or crops and
consequently national economies to effect. There has been a
long tradition of cooperation between meteorologists and this
is particularly prominent in modern times since the advent of
satellite technology. Recent cooperative activities between
meteorological satellite operators to ensure adequate world-
wide coverage of systems for the detection and forecasting of
hazardous weather are in the true spirit of the ISY "Mission
to Planet Earth". EUMETSATs Meteosat Operational
Porgramme is an integral part of the international
cooperation.
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METEOSAT SECOND GENERATION:
A LOOK TO THE FUTURE
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ABSTRACT

The following paper describes the present status of
definition of the Meteosat Second Generation
satellite system. Starting with a short history of the
evolution of the requirements during the last decade,
it will describe the characteristics of the future Euro-
pean geostationary imaging radiometer, known as the
Spinning Enhanced Visible and InfraRed Imager.
Special attention will be given to the coherence of this
instrument with those to be flown on the polar orbit-
ing platforms. In conclusion, an overview will be given
of the MSG development phases, with emphasis on
the need for the preparation of MSG operation by de-
veloping a synthetic image simulation programme
enabling scientists to test applications prior to the first
launch.

1. GEOSTATIONARY METEOROLOGICAL
SATELLITES

When, in 1966, the Application Technology Satellite
ATS-I was launched by NASA in geostationary orbit,
its telescope transmitted to Earth the first snapshots
of the atmosphere, enabling to track the ceaseless
displacement of cloud patterns.

The usefulness of such satellites in support of short
range weather forecasting became immediately ob-
vious to the meteorological community. A conse-
quence was a proposal by the World Meteorological
Organization (WMO) to define a system of geosta-
tionary meteorological satellites, for ensuring global
coverage of the atmosphere. This system, consisting of
a belt of five spacecraft equally spaced above the

fa. S,

Equator, was implemented in the early seventies and
is still being successfully operated

These five spacecraft basically embark the same core
payload: an imaging radiometer observing the atmo-
sphere through broad-band channels, one in the visi-
ble, the other in the water vapour window. They build
a coherent observing system enabling exchange of
image and data through dissemination channels. Only
three of these satellites offer additional features:
Meteosat (Europe) has a complementary channel in
the water vapour absorption band, and the two GOES
(USA) have a sounding capability, known as the VAS.

Continuous operation of this system since the late
seventies is coordinated by the Coordination Group of
Meteorological Satellites (CGMS). It has led to im-
pressive progress in nowcasting and very short range
forecasting, its primary goal. It has also provided
support to numerical weather forecasting, as being the
only space system able to measure winds through the
tracking of cloud patterns.

Geostationary meteorological satellites are one of the
basic tools for meteorology around the world. Any
disruption of the system would be considered as a
catastrophy by the users, including the general public,
as the satellite image nowadays plays an integral part
of television information.

After twenty years of continuous operations, the geo-
stationary meteorological satellites have demon-
strated their usefulness but they have also reached
some limits compared to the present potential of the
on-ground image and data processing tools.
Improvements started in the early eighties, led to the
definition of new spacecraft concepts, mainly in the
USA, with the GOES-Next series and in Europe, with
the Meteosat Second Generation proposal.

Germany 30 Ma'ch-4 April /992
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The following paragraph will review the work per-
formed by EUMETSAT and ESA for defining the
new European system of geostationary meteorological
satellites.

t <•

2. METEOSAT

The operational Meteosat system includes a series of
spacecraft operating at zero longitude above the
Equator. The pre-operationaJ programme was devel-
oped by ESA, and EUMETSAT took over the
management of the operational programme in 1986.
From 1977, five spacecraft have been in operation,
and at least two more are foreseen before the end of
the century.

As already explained, the basic advantage of a meteo-
rological satellite in geostationary orbit is its ability to
provide time series of images on a fixed area of the
Earth. Consequently, the Meteosat imaging
radiometer has been designed to produce images of
the surfaces (sea, land, clouds) in both the visible and
window infra-red, for tracking the evolving patterns
during day and night.

The basic missions of this satellite are the support to
nowcasting and wind extraction from cloud
displacements. It also permits the production of
surface parameters maps, like the sea surface
temperature. It is then possible to state that it has a
quasi bi-dimensional view of the atmosphere, although
its water-vapour channel allows a broad look in the
mass of the atmosphere.

Since the start of operations, significant improve-
ments have been made, both in image data processing
techniques as well as in wind extraction algorithms.
Meteosat is presently considered by the users as an
highly reliable tool, according to the defined speci-
fications. However, it is now clear that the intrinsic
characteristics of the imaging instruments in terms of
radiometric, spatial and temporal resolutions impose
limits on performances in support to the basic mis-
sions of the system. Thus, there is a need for
improvement.

METEOSAT SECOND GENERATION

3.1. Initial ideas

Ideas for developing new generations of geostationary
satellites have been developed on both sides of the
Atlantic during the early eighties. This has led to the
definition of the GOES-Next series, in the USA and
the Second Generation Meteosat (MSG), in Europe.

The basic assumptions at the origin of the future
geostationary satellite systems were as follows:

a) the imaging mission needs improvement in
terms of spectral, spatial and temporal resolu-
tion for an efficient tracking of rapidly evolving
local scale atmospheric features;

b) the wind extraction accuracy imposes a better
knowledge of the dynamics of atmospheric
tracers and, hence requires a view along the
vertical;

c) the development of numerical weather fore-
casting at meso- and local-scale will benefit
from the high temporal resolution of the geo-
stationary instruments;

d) the geostationary satellites, producing time se-
ries of images and environmental parameters,
appear as useful tools in Earth monitoring ac-
tivities.

The improvement of the imaging mission immediately
brought about the definition of the future imaging
radiometers around the well proven concept of the
AVHRR polar orbiting instrument. It is believed that
the coupling of this instrument's performances to the
high repeat cycle, will be of great benefit for the
various user community.

The need for atmospheric data in support of numeri-
cal modelling as well as to tracer identifications led to
the definition of a sounding capability on board the
geostationary satellite. The first ideas originated from
the experience gained in the operation of polar
orbiting atmospheric sounders, with the expectation
that it will be possible to operate such instrument in
geostationary orbit

Concepts of multi-mission systems were
developedrelying on three-axis stabilised spacecrafts
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embarking a composite payload. Progress in this area
has led to the definition of the GOES-Next satellite
series, now under development in the USA. In
Europe, the initial proposal made in 1984 during the
Avignon workshop for Meteosat Second Generation
was of the same type (1).

The first MSG sketch included a multispectral
imaging radiometer, an infra-red and a microwave
sounder providing an all-weather day and night
sounding capability. It was also foreseen that some
research instruments would be accommodated on
board together with the classical meteorological
communication payload. Such a concept was studied
by ESA and presented at the Bath workshop, in 1988
(2), and was then subject to a review by the
meteorological user community represented by
EUMETSAT, now in charge of the Meteosat
programme. It resulted in a change in the satellite
concept.

3.2. Evolution of the concept

The change in conception of Meteosat arose primarily
from considerations on the mission.

Development in the numerical weather forecasting
models such as the ones operated at ECMWF and in
the major European meteorological agencies has
shown such impressive progress in the representation
of the dynamics and physics of the atmosphere that
the quality of the forecasts depend primarily on the
quality of the knowledge of the initial state. (3) Any
significant improvement will derive from improved
knowledge of the three dimensional structure of the
Atmosphere, starting with the wind field, followed by
temperature and humidity:

a) the determination of the 3-D wind field from
space will be only possible when active sensors,
like Doppler lidars will be operable, which
does not appear feasible in the near future;

b) the necessary vertical resolution for a good
assessment of the thermodynamic structure of
the atmosphere - at least ten independent
pieces of information - needs a new type of
sounding instrument which is more likely to be
operated from polar orbiting satellites.

These two considerations have, amongst others, led to
the decision by the European meteorological
community that the efforts in terms of vertical sounding

have to be placed on the polar orbiting satellites, with
the role of the geostationary platforms being focused on
nowcasting and short range weather forecasting (4)

3.3. MSG missions

As a consequence, it has been decided that the new
Meteosat satellite system shall fulfil the following
missions

1. Basic multispectral imagery, with better spec-
tral, spatial and temporal resolution than the
existing Meteosat satellites, basically in support
of nowcasting and short-range weather
forecasting

2. High resolution imagery, by observing the Earth
in the same visible band as Meteosat, with a
spatial resolution similar to the AVHRR
instrument, in support of mesoscale convective
phenomena monitoring over Europe

3. Air Mass Analysis, by using some H2O and

CO2 absorption channels, the usefulness of

which for nowcasting has been demonstrated
by VAS experience

4. Meteorological Product Extraction (winds, sur-
face temperatures,...) as upgraded through the
improved capacity of the imager.

5. Support of Climate and Environment monitor-
ing, as well as to Earth resources management

6. Continuity of Meteosat data collection and
dissemination missions.

These missions are adapted to the European weather
patterns suffering a very low occurrence of severe
events like tornadoes. For supporting them, a multi-
payload satellite is no longer necessary and a single
imaging radiometer with upgraded performances
appears to be the safest concept.

In order to cut development risks and costs of its fu-
ture geostationary system, the EUMETSAT Council
has voted to rely on a well proven concept of the spin-
stabilised platform, with effort concentrated on the
instrumentation. The MSG satellites will embark an
imaging instrument, the Spinning Enhanced Visible
and Infra Red Imager (SEVIRI), which will be
described below. MSG will also be able to dissemi-

V 1-
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natc images and products with greater efficiency than
the Mcteosa' dissemination mission.

This objective may be compared to that of NOAA in
developing the GOES-I series wherby an imager and
independent sounder will be embarked on a three-axis
stabilised platform adapted to the American climate (
characterised by severe events of small scale,
tornadoes, and tropical cyclones).

4. THE MSG IMAGING RADIOMETER

The Spinning Enhanced Visible and Infra Red Imager
of MSG will be a challenging imager in geostationary
orbit, for supporting the missions listed in paragraph
3.2. The baseline concept (table 1) can be considered
as the combination of three instruments in one single
imager

1. VIRSR or AVHRR-4, with a slightly different
definition of the channels adapted to the par-
ticular situation of the satellite and with a
coarser spatial resolution (3km at nadir) put
providing data with a repeat cycle of 15mn.

2. An air mass monitor with six channels, two in
the water vapour absorption band, as a contin-
uation of MOP, three in the carbon dioxide
band, coming from VAS and one in the ozone
absorption band (9.7um), operating with the
same spatio-temporal resolution as the imaging

MSG SEVIRI

Bands

VIS
&

NIR
Window

Water
vapour
Ozone
Carbon
dioxide

Name

HRV
VIS0.6
VIS0.8

IR1.6
IR3.8
1R8.7
IR10.8

IR12.0

IR6.2
IR7.3
IR9.7
IR4.5
IR13.4
IR14.0

99% Limits
(um)

0.5-0.9
0.56-0.71
0.71-0.95

1.44-1.79

3.40-4.20
8.3-9.1
9.8-11.8

11.0-13.0

5.35-7.15
6.85-7.85
9.46-9.94
4.42-4.62

13.04-13.76
13.60-14.40

GOESI
Imager

Limits
(um)

0.55-0.75

3.8-4.0

10.3-11.3
11.5-12.5

65-7.0

VIRSR
(AVHRR-4)

Limits (um)

0.60-0.62
0.86-0.88

1.58-1.64

3.62-3.83
8.4-8.7

10.3-11.3

11.5-12.5
65 (IRTS)
7.3 (IRTS)
9.7(IRTS)
452 (IRTS)
13.3 (IRTS)

13.9 (IRTS)

Tabk 1: Coherence of MSG imager with the GOES-I imager
and the NOAA-O imager VlRSR

channels.

3. A High Resolution Visible imager (HRVIS),
with a sampling distance equivalent to the po-
lar orbiting VIRSR (1km at nadir), providing
images with the 15mn basic repeat cycle.

The most interesting feature of SEVIRI will be the
simultaneous operation of all channels with the same
sampling characteristics providing the users not only
with improved accuracy image and products (winds,
surface temperatures,...) but also new types of
information on atmospheric stability. The efficiency of
the system will be additionally improved by the
possibility of merging information from the GEO and
LEO orbit.

5. THE DATA CIRCULATION MISSION

The meteorological community requires real-time
access to most images and data produced by the
SEVIRI. This addresses primarily what is usually
defined as level 1.5 data:

* the image data shall be navigated, meaning
images have been rectified and Earth located,
prior to dissemination;

* the image data shall be calibrated, in order to
be used directly without any further radio-
metric correction;

* the image data shall be quality-controlled and
tagged, for efficient use, according to their in-
trinsic quality;

* the image data shall be disseminated within a
timely delay for the applications, i.e. "as soon
as possible" to nowcasters, and not later than
two hours after acquisition to numerical
forecasters;
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The consequence of these requirements, is the need
fur a dedicated Meteorological Communication
Payload (MCP) as part of the satellite payload, and
for a central processing and dissemination system as
part of the Ground Segment.

(t supposes the definition of dissemination schemes
for digital data, using protocols and formats common
to both geostationary and polar orbiting satellites.
The definition of such protocols has already been ini-
tiated under CGIvIS auspices, the objective being to
provide the users with two main types of services, as
detailed in table 1:

1. High Resolution Service including all available
level 1.5 image data, for the users needing full
information for further processing.

2. Low Resolution Service including a selection of
images from the most important channels
(visible and window), with a reduced spatial
resolution for the users implementing only a
few applications (i.e. those having relatively
simple stations).

Conversely, archive users whish to avoid to re-process
or to re-assess the quality of the data prior to
developing their applications. Thus, the archive user
requirements are the same as those listed in the pre-
ceding paragraph. This need has been fully under-
stood, and the future MSG system will include a cen-
tral archive.

6. STATUS OF THE PROGRAMME

AU phase A studies will be completed in 1992. These
studies have been managed jointly by ESA and
EUMETSAT, ESA being responsible for the space
segment, EUMETSAT dealing with the ground sys-
tems and the user requirements. It is foreseen to ini-
tiate the final development effort with the phase B, in
1993.

At the end of 1991, important decisions have been
made, concerning the definition of a pre operational
MSG programme in cooperation between
EUMETSAT and ESA. The responsibilities of both
organisations have been clearly identified. The
Councils of EUMETSAT and ESA have agreed on

GEO
HRIT

(High Rate In-
formation

Transmission)

LRIT
(Low Rate In-

formation
Transmission)

POLAR

HRPT
(High Resolur-nn

Picture
Transmission)

LRPT
(Low Resolution

Picture Trans-
mission)

DEFINITION

Full resolution
image data in

direct broadcast

Selected set of
image data, re-
duced spatial
resolution, in

direct broadcast

Table 2: Characteristics of future image data dissemination
schemes in both geostationary and polar orbiting satellites

the principle that ESA will develop and demonstrate
the proto-type satellite of the MSG series, while
EUMETSAT will be responsible for the development
and demonstration of the ground systems, according
to mutually agreed functional requirements. At the
end of this pre-operational programme, the whole
system will be handed over to EUMETSAT for
routine operations.

It is foreseen that final decisions on the programme
content and inter-agency agreement shall take place
before the end of 1992, enabling a start of phase B in
1993. A first launch is foreseen at the end of 1998, to
ensurie a smooth transition from the existing
Meteosat system before the end of the century.

7. CONCLUSION: A CHALLENGE FOR THE
USERS

As presently defined, the MSG system will be a great
challenge, not only for the meteorological user com-
munity but also for other categories of users, which
today, use relatively few of the Meteosat (5) data:
climate, environment and Earth resources manage-
ment. It is well known, for example, that the AVHRR
imager of the TIROS satellite series (6) has led to a
wide variety of uses far beyond pure weather forecast-
ing. What could be the uses of such an instrument
operating from the geostationary orbit? What could
be the uses of such an instrument operating synergis-
ticaily in both GEO and LEO orbits? Such questions
have to be answered before the launch of the first
MSG spacecraft. This is a scientific challenge for the
coming years.

As SEVIRI is a new instrument concept, reference to
existing products is insufficient for defining its poten-
tial uses. The new applications h^e to be demon-
strated as soon as possible. For this reason,
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EUMETSAT has initiated a SEVIRI image simula-
tion programme. It is planned to implement a system
for producing sets of synthetic images of the Earth in
each channel from the list given in table 1. These im-
ages shall reproduce the main characteristics of the
level 1.5 data and will be provided to potential users
and to the scientific community, thereby allowing the
following objectives to be met: |

«
a) Demonstration of the MSU imager perfor-

mances

b) Production of image data sets enabling opera-
tional agencies and research teams to evaluate
potential uses and to prototype new meteoro-
logical, cliinatological an environmental prod-
ucts; >

c) Simulation of the data flows during the devel-
opment of the MSG ground segment.

Such an approach, already experienced in Earth ob- ,
servation, is relatively innovative in the field of meteo-
rology. The success of the MSG development will rely
on the close cooperation between three entities: the
space development agency (ESA), the satellite
operator (EUMETSAT) and the European user
community.
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ABSTRACT

In April 1992, NOAA will celebrate the 32nd
year of continuous operation of the United
States' civilian meteorological satellite
service. This presentation will highlight
the contributions to the U.S. polar program
by NOAA's European partners in the form of
operational sensors and systems and, with
regard to future programs, the assumption by
Europe of the role of providing spacecraft
to fly the morning polar mission. For the
geostationary program, this presentation
will discuss cooperative efforts between the
US and Europe in the GOES and METEOSAT
programs, and will outline the present
arrangement between NOAA, ESA and EUMETSAT
for use of METEOSAT-3 as a GOES backup.

Keywords: NOAA, POES, GOES, NESDIS, IPOMS,
CGMS

1. INTRODUCTION

The NOAA operational satellite program
consists of both the Polar-orbiting
Operational Environmental Satellites (POES)
and the Geostationary Operational
Environmental Satellites (GOES) series. The
POES normally consists of two satellites in
polar, sun synchronous orbits spaced
nominally six hours apart. This
configuration permits the majority of the
Earth's surface to be observed by the two
satellites four times daily. The GOES
series, when fully deployed, consists of two
geostationary satellites located over the
Atlantic and Pacific Oceans, affording
coverage of the full Earth's disc nominally
every one-half hour reaching from west of
Hawaii to the African continent.

2. POLAR-ORBITING OPERATIONAL
ENVIRONMENTAL SATELLITES

NASA launched the first Polar-orbiting
Operational Environmental Satellite for NOAA
in April 1960. Starting in 1963, NOAA first
had a configuration of two operational
satellites in orbit. The sensor complement
on board these various satellites has

changed somewhat over this three decade
period by the introduction of new and/or
improved instruments and systems, and since
the late 1970's with the flight of systems
that have been contributed to the
operational program by NOAA1s European
partners. Three such systems are in
operation on the NOAA polar satellites.
These are the ARGOS Data Collection and
Location system provided by CNES in France;
the Search and Rescue Satellite Aided
Tracking (SARSAT) system, provided by France
and Canada; and, the Stratospheric Sounding
Unit (SSU) currently provided by the United
Kingdom's Meteorological Office. These
three systems have flown on nearly all of
the POES since 1978 (with the exception of
the SSU which was not flown on either NOAA-
10 or NOAA-12, and the SARSAT which was not
flown on NOAA-12).

NOAA now maintains four POES in orbit. NOAA
11 and 12 are our present "operational"
satellites. NOAA 9 and 10 are essentially in
a standby mode with information being
gathered by only the Earth Radiation Budget
Experiment (ERBE) and Solar Backscatter
Ultraviolet (SBUV) instruments.

NOAA will continue to fly European
instrument contributions on the next two
satellites in this series (NOAA-I and NOAA-
J, currently scheduled for launch in late
1992 and late 1993, respectively). A major
change in the next series of satellites (the
NOAA K,L,M and N series) wili be the
upgrading of the United Kingdom's
contribution from the SSU to the new
Advanced Microwave Sounding Unit - B (AMSU-
B) designed for vertical soundings of water
vapor. The NOAA-L satellite, currently
scheduled for launch in mid-1996, will be
the last POES launched by NOAA into the
morning orbit.

NOAA is in the planning stages for our next
generation of polar orbiting satellites,
called the NOAA O,P,Q series. This series
will be flown in an afternoon orbit only,
with our European partner, EUMETSAT, working
with ESA, providing spacecraft for the
morning service. On the OPQ-series, NOAA
will continue to fly upgraded versions of
the ARGOS and SARSAT systems, and the AMSU-
B will be replaced by the new Microwave
Humidity Sounder (MHS) provided by EUMETSAT.
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Following NOAA-L, the morning POES mission
will be flown in conjunction with EUMETSAT,
beginning with the ESA POEM-I mission. The
same suite of operational sensors and
systems will be flown on both the OPQ
afternoon satellites and the European
morning meteorological spacecraft (with the
exception of a unique NOAA instrument called
the Local Electric Field Instrument, and two
ozone sensors [the SBUV and TOMS] which
require flight in an afternoon orbit). NOAA
will contribute operational sensors for Uns
European missions in the form of the Visible
and Infra-Red Scanning Radiometer (VIRSR),
the Infra-Red Temperature Sounder (IRTS),
the Microwave Temperature Sounder (MTS), and
the Space Environment Monitor (SEM). On
board communications, data formats, and
downlink communications will be identical
for both the NOAA and European missions.

Utilisation of a high latitude Command and
Data Acquisition (CDA) station in Europe, in
conjunction with the two CDAs in the United
States (Wallops Island, Virginia, and
Fairbanks, Alaska), will afford the NOAA and
European missions the opportunity to
downlink recorded data at least once every
orbit. This arrangement will dramatically
reduce the time lag between observations and
delivery to the respective data processing
centers. Included in this arrangement will
be communications links to effectively
transmit real-time data between Europe and
the 'Jnited States such that both centers can
expeditiously obtain all global data from
both systems.

3. GEOSTATIONARY OPERATIONAL
ENVIRONMENTAL SATELLITES

Like its polar cousin, the NOAA GOES system
had its beginning in tha 1960's. NASA
launched the first experimental
geostationary satellite (the Applications
Technology Satellite - ATS) in 1966,
followed by a second in 1967. This was
followed by the first Synchronous
Meteorological Satellite (SMS-I) in 1974,
and SMS-2 in 1975. The first of this new
type satellite to become fully operational
was called GOES-I and was launched on
October 16, 1975. It was followed by GOES-
2 on June 16, 1977, and GOES-3 in June 1978.
Since then, NOAA has attempted to maintain
two operational GOES satellites in orbit,
one nominally located over the equator at 75
degrees West Longitude and the second at 135
degrees West Longitude. The two NOAA GOES
make up a portion of the Global Observing
Network which also includes other
geostationary satellites from India (INSAT
at 74 degrees East Longitude), Japan (GMS at
140 degrees East Longitude), and Europe
(METEOSAT at O degrees Longitude).

Prior to 1989, NOAA maintained two
operational GOES in orbit with the exception
of two periods from November 1982 to April
1983, and again from July 1984 to February
1987. The only operational GOES in orbit at
this time is GOES-7 (launched in February
1987) which is currently located at
approximately 109 degrees West Longitude.
Since the 1989 failure of GOES-6, the
remaining operational GOES (GOES-7) has been
alternating between positions at
approximately 98 degrees West Longitude to
afford better coverage of the Atlantic Ocean
during the northern hemisphere hurricane
season, and approximately 108 degrees west
Longitude for the US Winter Storm season.

As a result of the launch failure of GOES-G
in 1986, and given GOES I-M development
delays, the United States is currently left
with only one operational GOES which reached
its nominal five year life in February 1992.
GOES-I, the next in the future series, will
not be ready for launch until December 1993.
In 1991 NOAA, ESA and EUMETSAT officials
undertook to collaborate in an effort to
arrange for a back-up to the US GOES in case
of premature failure. In February 1992, NOAA
together with EUMETSAT and ESA signed a
formal contract which will enable the
operation of the METEOSAT-3 spacecraft over
the United States to provide additional
coverage and to act as a back-up in the
event of failure of GOE3-7. METEOSAT-3 has
been moved into position at approximately 50
degrees West Longitude. Ground support
equipment and communications will be
installed this year at the US Wallops Island
CDA station to enable METEOSAT-3 to continue
to be controlled from Europe by remote
control when the satellite is moved west of
50 degrees. GOES-7 is now being moved into
a new position at approximately 112 degrees
West Longitude. NOAA and EUMETSAT have
begun discussions of long-term mutual back-
up arrangements of each others'
geostationary satellites.

4. TNTERNATIONAL MECHANISMS FOR COOPERATION

The United States and its European partners
have been active participants in many
international coordination mechanisms over
the past twenty years that have afforded
them opportunities for discussions and
achieving agreement with regard to satellite
systems. The first of these coordination
mechanisms was the CGMS (later renamed the
Coordination Group for Meteorological
Satellites), which began to meet in 1972.
In 1984, two groups were created out of the
Economic Summit process. These were the
Committee for Earth Observations Satellites
(CEOS) and the International Polar-orbiting
Operational Meteorological Satellite (IPOMS)
group. Beginning in 1986, cooperation among
Space Station polar platform providers has
been through the Earth Observations
International Coordination Working Group
(EO-ICWG). For many years, the US, Europe
and many other nations have also used the
World Meteorological Organization (WHO) for
multi-lateral discussions.
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Abstract

Changes in the Earth's environment, mainly caused by
human activities during the last hundred years call for
efficient political countermeasures. These, however have
to be based on sound and reliable scientific investigations
and predictions of the future course of our globe. The
scientific community has responded to this challenge
through a number of recently implemented international
global change research projects. Germany has from the
onset and will continue to play an active part in these
projects. One of the prerequisites of these investigations
is the need for long-term, continuous observations of
Earth-system parameters, which cover our entire planet.
Satellite-borne remote sensing projects provide the most
promising means of fulfilling this requirement. Within
German global change research, remote sensing therefore
plays an essential role. This role is being realized through
a number of national projects as well as through co-
operation on the European and the international level.

1. Introduction

Significant changes in the global environment have been
and remain to be an integral characteristic of the Earth's
natural development. Changes u\ the global climate,
associated with temperature variations of up to ten
degrees have forced natural ecosystems to adapt to
drastically different conditions. The drifting continents
have largely altered the land-water distribution during
geologic times, thus largely influencing the basic
boundary conditions for atmospheric and hydrospheric
transport processes.
Since his first appearance, man has altered the
environment around him. While for a large part of his
history this was mainly a struggle for survival and for
coping with harsh natural conditions, man has recently
acquired the possibility to actively conquer the forces of
nature. During the last hundred years, his activities have
reached an unprecedented level and intensity. For the
first time, man's interference may lead to lasting and
serious changes in the Earth system, changes that might
cause devastating effects on him and on his fellow
inhabitants of this planet. Thus, man finds himself in a
new position, being both an actor as well as a victim of
changing global conditions.

The signs of change cannot be overlooked. Atmospheric
carbon dioxide concentrations (CC>2) have reached levels
unseen for at least the last 100 000 years. COz is one of
the major greenhouse gases, contributing largely to an
enhancement of the natural greenhouse effect and thus to
a raise of mean global temperatures. This will probably
result in a rise in mean global sea level, which poses a
serious threat to low-lying coastal regions in many parts
of the world.
The depletion of stratospheric ozone over Antarctica, also
known as the ozone hole, is largely caused by man-made
chlorofluorocarbons (CFCs) in combination with special
atmospheric effects during austral Spring. While
previous investigations have led to the comforting
believe that this will not happen over the Arctic as well,
recent results have disturbingly made clear that a large
part of the northern hemisphere, north of 30 - 35 degrees
North also suffer from a significant decrease in
stratospheric ozone.
What these examples demonstrate is the fact that
disturbances in natural balances will have consequences
that reach far beyond the particular source region.
Environmental changes are global in extent. What can
also be learned is the fact that individual components of
the Earth system are multiply interconnected and form a
complex network of feedback loops. Finally, there is
mounting evidence that human population growth and
the associated increasing need for energy and food in
combination with a steady demand for expanded
agricultural and industrial production in the developed
world are prime causes of global environmental changes.
One of the major problems of human society in the next
decades is to find a reasonable compromise between
these two poles, that is to say between the protection of
the global environment on one hand and a justifiable
development of both developing and developed nations
on the other. This requires a sound base for the
international policy process, a base that can only be
provided through intense and well co-ordinated research
on a global level. The scientific community has
responded to this demand by implementing large
international research programs such as the World Climate
Research Programme (WCRP) and the International
Geosphere Biosphere Programme (IGBP). These
programmes, which are currently being supplemented
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by projects addressing socio-economic and human
dimensions related topics such as the Human Dimensions
of Global Environmental Change Programme (HDGEC) form
the basic building blocks of international global change
research.
In the following, we will give a brief description of the
German components of international global change
research and the associated needs for global
environmental data that are to be provided by remote
sensing platforms.

2. German Global Change Research

Germany has a relatively long tradition in globally
oriented research. Through it's national climate research
programme, which was contributing to the Global
Atmospheric Research Programme (GARP), German
scientists were instrumental to define the basic
components of its successor, the WCRP. From its outset,
Germany has also played a major role in the IGBP and is
now hosting two of the core project offices of IGBP.
The basic thrust of global change research in Germany
lies in the following points. Research activities will strive
for the largest possible extent of interdisciplinarity. A
major focus of the investigations to be pursued will lie on
the human dimensions of global environmental changes.
The understanding of the effects of global changes on the
regional scale will be another major study area in
German global change research. Finally, German
scientists will attempt to formulate and implement
integrative models of major Earth-system processes,
including socio-economic problems.
However, meaningful modelling attempts , addressing
some of the relevant problems of global environmental
changes require the knowledge of sound and adequate
initial and boundary conditions for the models under
consideration. This is particularly relevant for those
problems that still lack a sufficient understanding such
as, the exact role of clouds in the climate system, a better
understanding of basic characteristics and responses of
the Earth's ice cover and possible feedbacks between
socio-economic and other Earth system parameters. The
lack in initial and boundary conditions implies that we
need Earth system data that are providing some of the
missing information, that are continuous in time and that
are global in extent. This kind of data can best be
obtained through satellite-borne remote sensing
observations of important environmental parameters. It
is thus not surprising, that satellite observations
represent one of the most essential tools in global change
research as pursued both internationally and in
Germany.

3. Remote Sensing as an Essential Tool in Assessing
Global Changes

Satellite-borne remote sensing observations comprise an
essential tool for assessing global environmental changes
for several reasons. They are continuous in nature, once
the sensors are in orbit. Depending on the orbit
configuration, they provide a near complete spatial
coverage over the entire globe. Modern technology,
particularly synthetic aperture radars (SAR) has the distinct
advantage of providing data under all conditions, i.e.,

they function independent of cloud cover or other
atmospheric conditions. Finally, these observations can
be used by a wide range of different disciplines from
atmospheric and oceanic sciences over almost all the
Earth sciences to social and political sciences.
It is therefore not surprising that satellites play a vital
role in a number of global observation programs that
attempt to provide a comprehensive picture of important
environmental parameters. Among the programs already
existing for some time that utilize satellite remote sensing
are the World Weather Watch (WWW) and the Global
Atmosphere Watch of the World Meteorological
Organization (WMO). More recently, work has been
initiated on the implementation of the Global Climate
Observing System (GCOS), a program that includes
besides an extended ground-based observational
network plans for a suit of specific satellite-borne
investigations of major climatic parameters. In the
framework of GCOS, plans are underway for a Global
Ocean Observing System (GOOS), which also also includes
the use of satellites in assessing basic oceanic conditions
on a world-wide basis.
However, while these programs call for a prominent role
of satellites in observing the Earth system, care has to be
taken in assuring the continuous assessment of a set of
basic environmental parameters. This requires the
presence of a few operative satellite sensors in Earth orbit
at all times, e.g., for the measurement of stratospheric
ozone concentrations or the monitoring of the global
cloud cover in order to assess the radiation balance of the
Earth. This important prerequisite for long-term
observations of the Earth system is frequently
endangered by technical or budgetary problems. Thus,
international co-operation should be sought in order to
ease the burden of providing these satellite sensors by
single countries or small groups of countries.
However, besides these considerations, there are a
number of problems that limit the full utilization of
satellite remote sensing. There is at first the need to
validate remote sensing data by ground based
observations ("ground truth"). As has been shown in
many instances, satellite observations do not yield
reliable information if not confirmed by measurements
on the ground. This calls for a close co-operation between
the space-based and the ground-based observational
community. Secondly, there is frequently the need to
scale down the data acquired through satellites in order
to meaningfully use them on a regional or local scale.
This too presents a tremendous challenge for the
scientific community involved in such observations.
Furthermore, there is the increasing problem of dealing
with a large amount of data obtained through satellite
remote sensing. This need is however clearly seen and
addressed in projects such as the EOS/DIS (Earth
Observation System/ Data and Information Systems) or the
Data and Information System of the International
Geosphere-Biosphere Programme (IGBP/DIS).
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4. Remote Sensing Investigations in the Framework of
German Global Change Research

Germany has a rich tradition in the utilization of satellite-
borne Earth observations. Since many years, the German
Air and Space Research Establishment (DLR) is a leader
in using remote sensing for assessing global
environmental parameters. With the advent of global
change research in Germany, these activities have
obtained particular priorities. This is to be seen in the
leading role of German scientists and technicians in
developing and building the first European Remote Sensing
Satellite (ERS-I).
Germany, through its ground stations on the Antarctic
Peninsula provides a major prerequisite for utilizing
ERS-I over the Antarctic continent, thus serving the
essential purpose of providing data on an important but
largely unknown part of the Earth. The DLR in
Oberpfaffenhofen provides a Processing and Archiving
Facility (PAF) in the framework of ESA's (European Space
Agency) European Remote Sensing Ground Segment that
is to be used for ERS-I and will be upgraded to also serve
the POEM-project (Polar Orbiting Earth Mission).
Additional activities comprise the participation in the
design and implementation of the Polar Platform as part
of the COLUMBUS Program.
Future German plans for terrestrial remote sensing
missions/sensors include the ATMOS Project,
comprising a suit of satellite sensors mainly to be used
for the detection and assessment of atmospheric trace
gases. While initially planned as a complete satellite to be
flown in the mid nineties of this century, current plans
are directed towards using the sensors as part of ESA's
Polar Platfonn. Another project comprises the use of an X-
Band Synthetic Aperture Radar (X-SAR) on future Space
Shuttle flights for intensive and focused Earth
observations. The X-SAR was jointly developed by Italy
and Germany.
This short and by no means complete account of past,
present and future projects demonstrates that Germany is
determined to utilize satellite-borne remote sensing
observations as an essential part of its global change
research efforts.
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ABSTRACT

The Italian Space Agency activities in Earth Observation
range from ground segment application to planetary
exploration activities. These activities are both in National
and bilateral cooperation programs as well as in the
framework of the Italian participation to the European
Space Agency. The Lageos ll-lris complex, to be
launched in1992 on the basis of a ASI/NASA MOU, will
be the precursor of several ASI efforts devoted to Eaith
Observation. In this paper are also addressed several
missions and development carried out by ASI. Besides
the effort on space segment, ASI had several ongoing
activities in precursor airborne demonstration flights,
and ground infrastructure development, science find
utilization projects. These activities are carried out In
close relationship with the national aerospace industry,
the Italian science community, and last but not least with
the main foreign space authority. In these framework it is
also foreseen an ASI contribution in the ISY activities for
Natural Disaster monitoring and prediction. Finally a
description of the capabilities of ASI's main ground
facility, the ASI Centro di Geodesia Spaziale (Center for
Space Geodesy), is given.

INTRODUCTION

ASI, the Italian Space Agency have a vigorous Earth
Observation (EO) program. The Italian activities, both on
national and on an international basis, span from the
ground segment to satellite system development
activities. Geographical reasons and environmental
concern generated a strong interest in space based
earth observation in the science community, in the
industrial contractors and within the political authority.
Both the technology development, sensor integration and
the efficient user data distribution are the main drivers of
the ASI EO program. Naturally a strong awareness exists
in ASI of the role in this field of extensive international
cooperation, in the framework of the European Space
Agency but also on the basis of bilateral agreement with
other national space agency. The major ASI program
elements are:

- System and Sensor development
- Ground segment and application activities

1. SYSTEM AND SENSOR DEVELOPMENT

The 1992 launch of the LAGEOS Il (Tab 1) satellite, the
first ASI earth observation satellite, underlines the acme

of the Italian effort in the space segment for Earth
Observation. The LAGEOS II,built by ALENIA Spazio and

Mass 410 Kg
Diameter 60 cm,

Orbit
Height 5900 Km

Inclination 52 Deg

426 Cube Corner Retroriflectors

Tab 1 - LAGEOS Il System Description

realized in the framework of a cooperative effort between
ASI and NASA is the second flight unit of a satellite
dedicated to space geodesy. The launch of this satellite
complements the considerable effort made by Italy in the
field of space geodesy and considerably increase the
worldwide capability in this field. With his elder twin, the
LAGEOS I, and injected in an orbit optimized on the
Mediterranean basin, will permit a dramatic increase of
geodetic data acquisition in one of the most troubled
area of our planet. Beside the science returns the
LAGEOS in-orbit launch by the IRIS interim stage will
confirm National capabilities in system level
development. Space Geodesy and Lageos are only one
aspect of Italian programs in EO: the successful
operation of the ERS-1 Radar Altimeter developed for
ESA by Alenia Spazio is not a casualty but the product of
an intensive national activities in the field of microwave
sensors for EO.

Center frequency 9.60 GHz
Peak Power 1.9 -2.7 Kw

Antenna

Dimensions 12 x .4 m
Beamwith

Azimut .14 deg
Range 5.76 deg

Orbit Parameters

Height 225 Km
Inclinât. 57 Deg

Tab 2 - X SAR System Parameters

ASl has a joint development with DARA of a shuttle
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based X-Band SAR (tab.2). This sensor, with the NASA
provided L/C band SAP, will be flown in the 1993,
providing the first flight of an X Band SAR and a
demonstration of the capabilities of a multifrequency
SAR.
While these mission are in an advanced implementation
phase several other are currently under study. Among
the others the most relevant are the Il Generation SAR
study and the SAR interferometry study. After a recently
concluded study phase the second SAR UG will have a
follow-on in the development of a X SAR active antenna
that will be first tested in an airborne environment. This
will be the precursor of a new concept of SAR system to
be flown during the second half of 90's. The study on
SAR Interferometry is part of a cooperative effort
between NASA/JPL and ASI/CGS on the definition of the
capability of SAR interferometry in the use for a global
topography mapping mission. In this framework, under
an ASI contract study, ALENIA Spazio with the support of
Naples university, have exploited the potential use of a
tethered based concept in order to deploy two antennas
with an adjustable baseline between the déployer and the
subsatellite. ASI had also an intense development activity
in sensor system development for polar orbit platforms.
In the field of microwaves radiometers ASI has developed
the Advanced Microwave Imaging Radiometer, later
armonized in the design with the MIMR instrument, part
of ESA contribution to the first NASA polar platform. For
the first ESA Platform, POEM-1. ONES and ASI are jointly
developing an atmospheric sounder denominated IASI,
that will greatly contribute to the operational and
atmosphere chemistry studies. The development of the
ASl Earth Observation program lead to the extension of
science application and technological development from
Earth Studies to the deep space exploration. In this field
ASl will provide the Titan Radar Mapper, a SAR system
and the visible channel of the VIMS spectrometer for the
Cassini mission on the basis of a MOU with NASA.2.

GROUND SEGMENT AND APPLICATION ACTIVITIES

The ASI Centra di Geodesia Spaziale (Center for Space
Geodesy) has been established in 1983 in the framework
of an agreement between the former PSN and the
Basilicata Regional Government. With the establishment
of ASI, as national agency for space activities, the CGS
become an ASI center involved in activities ranging from
Earth Observation to Space Robotics exploitation. Thanks
to the co-location of all precise positioning space based
techniques, the CGS is one of the few "fundamental"
stations in the world.
The exceptional precision positioning capabilities of the
Center and the nation wide space geodesy network
established by ASI will play a strategic role also in the
calibration activities for the most important planned radar
altimetric missions (the ESA ERS-1 and the NASA-CNES
TOPEX/POSEIDON).
Besides operational activities committed to TELESPAZIO,
the Center hosts also program management and science
data evaluation activities for all the space geodesy ASI
programs.

Satellite Later Ranging (SLR)
Fully integrated in the global network for space geodesy.
the laser ranging station SAO-1 (loaned by NASA)
located at the CGS since the very beginning has
observed several thousands passes from the main laser
ranged satellites (LAGEOS, Starlette, Ajisai), proving one
of the most productive SLR stations in the world, Since
the SAO-1 station is relatively old in design, ASI has
decided to install at the CGS a new, state-of-the-art SLR
station. This highly automated station will be capable of
millimetric precision ranging to all artificial satellites
equipped with cube corner retroreflectors (CCRs), as
well as of ranging to the CCRs located on the moon's
surface. The new Matera Laser Ranging Observatory
(MLRO) will be operational within 1996.

Very Long Baseline lnt«rf«rom«try (VLBI)
In 1990 the CGS had extended its capabilities to the VLBI
using a 20 m dish, dual-band (S-band and X-band)
radiotélescope, fully designed and built in the framework
of an ASI contract awarded to Selenia Spazio (now Alenia
Spazio) and SAE. The VLBI station is equipped with a
standard Mark-Ill formatted and an H-maser frequency
standard. Several upgrades (high density tape ,ecorder,
widened frequency windows, etc.) are already planned in
a short timeframe which will place the CGS VLBI station
within the so-called "R&D" stations.

Global Positioning System (GPS)
The Center capabilities include satellite based radio
positioning techniques such as the US developed GPS
and the European PRARE. A Rogue SNR-8 GPS receiver
(manufactured by Allen Osborne Ass.) is permanently
installed at the CGS as part of a worldwide network for
precise GPS tracking. A pool of several, transportable
GPS receivers is also located at the CGS to be used in
medium and small network monitoring programs by ASI
and other Italian research institutions. Moreover, the first
prototypes of the new Italian GPS receiver (developed for
ASI by the Italian company ELTCOM) is expected to be
ready within the spring of 1992.

With the objective of exploiting the maximum integration
in the field of earth observations, in the late 80's ASI has
extended the Center competence to the remote sensing
activities. CGS is also the location of the national
provided ERS-1 Processing and Archiving Facility(Tab.S)
that will be continuously extended in order to became a
generalized facility for processing, archiving and
distribution of remote sensed data to science user. The
CGS will support also the ground segment of the
ASI/DARA/NASA SAR-X experiment providing archiving,
processing and distribution of X Band SAR data. The
establishment of these facilities, in which are involved
most of the national industrial competence in remote
sensig (Telespazio, ELSAG, Alenia Spazio, VOS) givs to
the CGS a prominent position in the Earth Observation
System scenario foreseen for the end of the decade.
The ASI/CGS has also, in the field of remote sensing
program management, duties on industrial activities both
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SAR Products:
Raw Annotated Data
Single Look Complex Image
Precision Image
MuIIi Look Image

Geocoded Products:
Ellipsoyd Corrected
Terrain Corrected
Incidence Angle Mask

Low Bit Rate Experimental

Tab 3 - Some of the ERS-I products
provided by the I-PAF facility

in the field of sensor development and ground
infrastructure design. A recent development of Earth
Observation ASI program Is the extension of science
application and technology developed for earth oriented
studies to the space exploration. In this area the ASI/CGS
manages the project, development and integration of the
Italian contribution to the Cassini NASA mission
committed to a pool of Italian industries (Alenia Spazio,
Officine Galileo) .Satellite Remote Sensing for Natural
Disaster: Forest Fire and Hydrogeological Disease.ASI
foreseens a contribution in the ISY activities for Natural
Disaster monitoring and prediction. In particular, ASI has
under development two prototype systems, one of them
relating to the forest fire prevention and control, the
other one relating to the hydrogeological risk
management.The main focus will be the evaluation and

demonstration of the use of remote sensing technologies
as a support in the decision-making for natural disaster
like forest fire and hydrogeological
disease.Methodologies and algorithms, using remote
sensing data and Geographic Information System (GIS),
will be implemented to support the involved authority
which is operating In the areas of environmental and
human life protection and natural disaster prevention.
Furthermore, the systems will give the possibility of
damage evaluation in order to allow for the post disaster
management,Applications on two test sites in Italy will be
performed and preliminary analysis presented. Three
main phases have been identified in the forest fire
prevention and control system: risk evaluation, fire event
control, and damage evaluation. The first phase depends
on three main factors: meteoolimatic condition,
vegetation condition and typology and human factors:
the second one depends on the management of
resources during the fire event to allow for a timely and
efficient response; in the last phase the satellite data and
GIS technologies are used to provide the evaluation of
the burned surfaces.The hydrological disease system
can be seen as a three elements: the first one aims at
the geomorphological analysis of the area, hence
producing relatively stable parameters
(geomorphological evaluations, land use, etc.) for
hazard mapping in risk evaluation activities; the second
element produces land use information and derived
parameters (land use change, urban area expansion,
new infrastructures, etc.); the third element faces more
dynamic parameters (e.g. soil moisture) and can,
hence, be considered as the monitoring component of
the system, devoted to early warning function.

1
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ESS-I THE FIRST EUROPEAN EARIH OBSERVATION SYSTEM

Alfred Setzer, Dornier/Deutsche Aerospace

FIiEFACE

Cn July 17th, 1991 a new area began for Euro-
pean Earth Observation :
ERS-I was launched I
After a development period of more than 6 years
a mission began where the first results
already, produced after the initial switch-on
period, were beyond all earlier expectations.
ERS-I will contribute to the global, comparati-
ve observation of continents and oceans, of the
atmosphere and polar zones. The results gained
by this spectacular mission will increase d-
ramatically our understanding of the change in
living conditions on our planet earth.
The spacecraft and its dedicated grcundstation
in Kiruna, Sweden, was built by an industrial
consortium led by Domier-Deutsche Aerospace on
behalf of the European Space Agency (ESA).

1. THE IKOGRAME OBJECTIVES

The ERS-I mission is mainly dedicated to ocean
and ice application.
The capabilities include measurement and
detection of :

In addition to the above, allweather imaging
of:

- Coastal zones
- Polar ice regions
- Land areas

is one of the features of the satellite.
To pave the way towards enhanced scientific and
connercial/technical applications fast data
processing and product distribution (e.g.
distribution of applicable products within 3
hours after the data have been obtained to the
user concerned) is one of the priority ob-
jectives of the mission.

With this approach the ERS-I programne cont-
ributes to :

- Ocean- and climat research
- Glaciology
- Environmental research
- First operational applications and their

promotion.

2. The ERS-I SYSTEM

- windspeed and -direction
- wavehight and -fronts
- ocean pollution
- ice zones and ic«i bergs
- water surface temperature
- water vapour content of the atmosphere
- cloud température

ERS-I (- European Reacte Sensing Satellite
No.l) is an "end to end system" for allweather
and global environmental monitoring. This means
that the overall progratnne is not limited to
the development and operation of the satellite
proper but includes data processing, archieving
and distribution.
The main system elements are shown in figure 1.
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Fignre-1 Maia Programme Elements
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2.1 The Satellite

The satellite basically consists of the plat-
form which provides for power generation and
distribution, attitude control and measurement,
conrand handling for the satellite and S-band
telemetry for the housekeeping data of the
spacecraft.
Ihis platform is derived from the French Spot
programme and adapted to the specific needs of
ERS-I.

The main element, however, is the payload
module which comprises the set of instruments
together with the payload-dedicated support
hardware like structural support, thermal
control, power distribution and the data
handling and transmission subsystem for the
instrunent data vMch are handled separately
from the "normal" spacecraft housekeeping data.
The specified msasurenent performances and the
related instnments can be seen in figure 2.
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The main elements of both platform as well as figure 3.
payload can be seen in the exploded view on
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2.2 The Ground Segment

Ihe mission dedicated ground station is located
in Kiruna, Sweden and interfaced with the Mis-
si» Management and Control Center (MCC) at
ESOC1 Darmstadt.
Apart from further European stations lite
Maspaloms, Fucino etc. nunsrous other stations
(mainly to receive real-time SAR-data) are
being phased in worldwide. During the opera-
tional phase which began late December 1991 the
main responsibility for planning and operation
of the system lies in the hands of ESRIN in
Frascati.

3. THE PROGRAtME DEVELOPMENT

First conceptual studies for an allweather
(radar based) earth observation system started
already sane 15 years ago. The basic mission
idea was defined in the early eighties and a
phase B study was done over one year from
sunner 82 to September 83.

After a technical and geographical distribution
"harmonisation process" the main development
phase started in December 1984. The main
programratic data are smimurized in figure 4.

1

Customer

Prime Conractor

Contract Valve

Participating Comp.

Progamme Duration

Personel Deployment

European Space Agency (ESA)

Dornier / Deutsche Aerospace

@ 1,3 Billion German Mark
(= @ 800 Million USS)

@ 50 from 14 countries (12 European,
Canada and USA )

6 Years main developement phase

@ 3000 engineers in the participating industry
during the main developement phase.

Figure-4 ERS-I Main Programmatic Data
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The consortium led by Domier-Deutsche Aeros-
pace consisted of sane 50 cœpanies.
The first layer of the industrial organisation

which also reflects the "responsibility
sharing" within the consortiun is shown in
figure 5.

Rime
Prim» Engineering & Design
AOP If Engineering
PttneAW&OSE
ftim» Aoduct Aaaunne*
Rime Launch Operation Support

MMUA

NSNCBBlN

FOKKER OONnWVES EICA OWBI MVWOM

DBF

mmtiar

Figarc-5 Industrial Coisortian (Cocoatactor Level)

The main development phase not only covered the
building of the flight model and the ground
segment but also two more satellite models
being used for mechanical, thermal and func-

tional verification and system qualification.

The phasing of these elements and their timely
duration is given in figure 6.
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ERS-1/2 Programme
' Summary Schedule •

1

The launch of ERS-I took place during the night
from 16th to 17th of July at 01,46 UT from
Kourou by means of an ARIANE 40 launcher (VOL
44 ), and after successful deployment of all
stowed appendages like Solar array, SAR
antenna, Scatteroneter antennas, ATSR antenna
etc. shortly thereafter, followed by the
initial switch-on period a pronissing mission
began.

4. FIRST MISSION RESULTS

4.1

Numerous pictures have been taken by the
onboard SAR instrument irregardless of day-time
and cloud coverage thus demonstrating its
allweather capability. The accuracy/ resolution
being approximately 25 m is better than origi-
nally specified.

t !

'HI- "H
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Spectacular results could be achieved through
multi-image processing thus gaining infonmtion
about changes occured during a given time
period or longer term ice observation. The
system also demonstrated its capability to
observe oil slicks and pollution of the oceans.
As a considerable number of examples have been
published already they will not be repeated
here.

4.2 Wind- arei Wave detection and observation
The global aspect and usefulness of the Radar
Altimeter and Scattercmster measurements could
be very well demonstrated and the data are
already now being fed into the various meteor-
ological services to assist in increasing the
long term weather forecast and to assist in
climate modelling.

4.3 ATSR measurements
Data on seasurface temperature, water vapour
content etc. being of high importance for
climate- and ocean circulation observation
could be obtained both regionally and globally
with an outstanding accuracy.

4.4 Pilot projects
Pilot projects are dedicated projects using
ERS-I data to demonstrate the range of either
scientific or commercial/technical application.
The example taken here is the ship routing
through the "North Passage" (northerly route
fran Scandinavia to Japan through tf . Bering
Street) using ERS-I SAR images to guide a po-
lar vessel.
With this approach the passage could be done in
sane 20 days compared with approx 60 to 70 days
for the normal southern route.
The approach was as given in figure 7:

- ERS-I took a SAR image of the polar sea area
concerned

- The data were received and processed in
Kiruna

- Transmission of the product via satellite
link to ESA1 where a group of experts
analysed sea and ice conditions deriving from
this routing instructions for the polar
vessel.

- Routing instructions and the SAR image were
then transmitted to the captain onboard via
n*«RSAT-2.

i Dornier• -K- -
,[ Deutsche Aerospace
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5. IREOONTINlMION

Continuation mainly means to guarantee data
continuation, upgrading of the instruments,
enforcing fay future missions the environmental
aspects and development of new instruments.
A medium or longer term aspects is the promoti-
on of new markets like e.g. verification.

With the decision for building the ERS-2

spacecraft (being an upgraded version of ESS-I
including a global ozon monitoring experiment)
and two more channels for the ATSR-instnment
allowing vegetation monitoring) as well as the
declaration/decision for the polar mission pro-
gramme Europe accepts, underlines and adheres
to the above aspects.

1



r

991

A Strategy For Monitoring The Tropical Forest With
ERS-I SAR Imagery

H.De Groof, A.J.Sieber1- A.Sowter2 and J.Conway3

'Institute for Remote Sensing Applications - Advanced Technologies
Joint Research Centre, Ispra (Va), Italy

2Vega Space Systems Engineering Ltd., Harpenden, UK
3National Remote Sensing Centre Ltd., Farnborough, UK

ABSTRACT

This paper presents strategy concepts related to the use of
ERS-I SAR imagery for monitoring the tropical forest
ecosystem. The feasibility of both a worldwide and a
"hot-spot" monitoring approach will be discussed. Secondly,
a data processing strategy will be presented with references
to firstresults on case studies carried outon ERS-ISAR data
collected during the first months of the ERS-I mission
Keywords: tropical forest ecosystem monitoring strategy,
ERS-I, first results.

1. INTRODUCTION

The environmental consequences of the tropical
deforestation and its estimated impact on the worldwide
ecosystem triggered over the last decade intense scientific
and political activity. It has been recognized that Earth
observations from space form a most effective means of
providing continuous monitoring of important
environmental parameters. The application of these
techniques to the tropical forest monitoring requires (he
setting upof data collection and analysis systems of adequate
dimensions. Within the joint Commission of the European
Communities (CEC) - European Space Agency (ESA)
'Tropical Ecosystem Environment Observations by
Satellites" (TREES) project [ 1 ] two approaches are currently
being implemented. In a first approach optical and thermal
sensors of the NOAA meteorological satellites are being used
to provide a Io w resolution but global coverage of the tropical
belt. On selected and identified deforestation fronts these
data will be supplemented by higher resolution satellite data
collected with the SPOT and LANDSAT satellites [2]. The
second approach envisages the use of Synthetic Aperture
Radar (SAR) data collected by the European ERS-I satellite,

launched in the summer of 1991 [3]. The Synthetic Aperture
Radar system, SAR, on board the ERS-I satellite provides,
through its all weather capabilities and extensive ground
coverage, a powerful system to monitor at regular
time-intervals the world's deforestation fronts.The
following sections will highlight in greater detail the
potential use and the implemented data collection and
processing systems of this second approach.

2. ERS-I SAR DATA COLLECTION

The ERS-I satellite was launched on the 17th July 1991 into
an approximately circular Sun-synchronous orbit at an
altitude of about 780km about Earth. The orbital plane is
inclined at around 98.5 degrees to the equator, which means
that the satellite contains much potential in terms of ground
coverage and optimising studies relating to the time
variations of ground area characteristics. The beam footprint
of the ERS-I SAR has a potential coverage of approximately
100 km in ground range.

In order to satisfy (he requirements of a wide scientific user
community, the ERS-I mission is divided into various
phases differentiated by alterations in the orbital
characteristics. Each of these phases emphasizes on a
particular field of application as illustrated in figure !.The
most important of these phases for monitoring the tropical
bell is the 'Multidisciplinary Phase' where the satellite is
moved into a 35-day repeat cycle. This means that the
ground-track of the satellite repeats itself every 35 days
which, given that the orbital period of the satellite is
approximately 100 minutes, we get, potentially, complete
coverage of the tropical belt over the 35 day period.

The power constraints of the ERS-ISAR imply that the total
ground coverage per orbit could be as much as 560000 square
kilometers. However, the locations of the ground stations

CP = Commissioning Phase
IP = Ice Phases
MDP = Multidisciplinary Phase
GP = Geodetic Phase

Fig I: ERS-I data collection plan

Period of repeat cycle:

U 3-day

• 35-day

• 176-day

Proceedings of the Cental Symposium o! the 'International Space Year' Conference. Held in Munich, Germany. 30 March-4 April 1992
(ESA SP-341 July 1992)
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1

Station
Cotoptxi
Cuiba
Maspalomas
Islamabad
Hyderabad
Bangkok
Fare-Pare
Alice Sprinj

Country
Equador
Brazil
Spain
Pakistan
India
Thailand
Indonesia

; Australia

Organisation
national
national
ESA
national
national
national
national
national

Status
operational
operational
operational
pending
operational

not yet operational
not yet operational

operational

Table I: ERS-I Ground stations

dictate where this area can and cannot be. Thus, an
appreciation of this fact is of utmost importance.

The ESA ground stations provide the main network for data
acquisition and, hence, the processing and dissemination of
raw data and fast delivery products. The stations are in :

Kiruna (Sweden)
Fucino (Italy)
Gatincau (Canada)
Maspalomas (Spain)

There are many national ground stations planned around
the world which will receive ERS-I data by arrangement
with ES A. This will extend the coverage potential of the SAR
imaging mission.

For the tropical belt, the status of the stations
contained/shown in the following table 1 and figure 2, are
of major importance:

At the foreseen initiation of the Multi-disciplinary Phase
large parts of the Earth tropical forests will be covered by
ERS-I. Yet, important areas like Central Africa and most of
the South East Asian subcontinent fall still ouside the reach
of the ERS-I receiving stations.

The fcasability of a worldwide data collection using ERS-I
data can best be illustrated by a small case study. Assume we
wanted to monitor on near monthly basis the tropical forests
in a relatively small area like Liberia in West-Africa. One
coverage in the ascending configuration only would require
17 ERS-I frames. On a yearly basis more then 180 frames are

needed resulting in a massive data volume of approximately
235 Gigabytes of for example the ERS-I Precision Product
(PRI) images. Given that ideally also data needs to be
collected from the descending ERS-I swaths more than 500
Gigabytes of data needs to processed and analysed.

If we would extrapolate this approach to the whole tropical
belt we have to realise that neither the satellites ground
processing segment nor the potential user are yet prepared to
tackle this amount of data. Therefore a feasible strategy
would be at this moment to concentrate on known
deforestation areas, so called "Hot Spots", an approach
currently followed by the TREES project.

3. DATA PROCESSING AND ANALYSIS
APPROACH

The Joint Research Centre - Ispra of the European
Communities is currently undertaking an evaluation of the
information content of several ERS-I SAR data products.
This activity leads to the design and development of a
hardware and software configuration that will be capable of
routinely processing the SAR data for specific thematic
purposes.

During a first, more research oriented phase, algorithms will
be developed, and evaluated for both accurate geolocation of
the SAR imagery, which is considered a prime prerequisite
for mapping purposes, and change detection, extraction and
classification of a hierarchy of natural and human land-use

In a second phase it is envisaged to implement these
algorithms in a system which integrates low-resolution

Figure 2: Relevant ERS-I Ground Stations planned by 1994
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SARMAOB

Figure 3: The JRC ERS-I Data Processing Approach

optical remote sensing data and information managed in a
geographical information system

The following sections describe the research part of the
strategy and first results of case studies carried out on data
collected during the first months of the ERS-I mission.

Due to its coherency and side-looking viewing geometry the
analysis of SAR image data does not follow the same
approach as that used for most optical and passive data.The
traditional multi-sensor approach of geometric registration
- resampling to a common grid followed by a multi-variate
analysis of the different sensor inputs can not be blindly
followed Especially, the influence of the relative steep
viewing geometry of the ERS-I satellite is bound to
introduce over hilly to mountainous terrain significant
geometric distortions like foreshortening and in extreme
cases lay-over of the exposed terrainslopes and shadowing.
The influence of the local angle of incidence with which the
radar wavefront intersects the terrain on the intensity of the
backscattered radarsignal introduces a radiometric
variability which has been proven to dominate the variability
due to terrain cover alone. This leaves us with two clear
choices: do we rectify (geocode) the image to the map
coordinates or do we rectify the ground-mith data to image
coordinates? In order to unfold the backscatter in
components related to respectively (he local topography and
the terrain cover we will perform our analysis on the
slant-range image data. However, since the JRC projects will
merge the results of the SAR post-processing with the results
from other sensors on a GIS, we need a way of matching the
results for each image output pixel on a one-to-one basis
with map coordinates to facilitate mapping into a coordinate
system accessible to all data. The output from a SAR
post-processing schema for input into a multi-sensor GIS
will be the following:

a. The original input image.
b.A data set containing the map coordinates of the original
input image on a pixel-by-pixel basis.
c. All image-type results from the post-processing
algorithms in input image and geocoded format
d.AH non-image results from the post-processing
algorithms in database-readable format
e. A terrain-corrected geocoded version of the original input
image.

The terrain-corrected geocoded image is mainly required for
visual inspection (both independently and in conjunction
with other non-SAR imagery) and, so, few requirements are
placed on it's radiometric quality. An overview of the data
processing approach envisaged by the JRC is given in figure
3.

Since we are aiming in OVT first objective at a regional forest
inventory we will for a given area of interest, the classify of
the radar image in groups corresponding to various levels of
natural landcover and human land-use. Especially, the
discrimination and classification of forest against non-forest
and different forest categories will be emphasized. The initial
classification will be guided by the geographical variability
existing within the ERS-I coverages. Indeed, the
geographical variability of an area is the result of a complex
interaction of climatological, geological, pedological,
topographic and human factors. On a coverage of 100 by a
100 kilometres most likely a number of varying
combinations of these factors will govern the radiometric
characteristics of the SAR images This non-stationarity of
both the tonal and textural component (macro - and meso
textures) of the ERS-I SAR image will form the main
problem of carrying out per/scene classification schemes. An
example of geographical variability and ils influence on the
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image properties is clearly illustrated in figure Sa. The image
displayed is a by the European Space Agency generated
ER S-116 bit amplitude image in ground-range presentation
generated on the "fast-delivery processor". The image has
been block-averaged to approximate pixel spacings of 200
by 200 meters at the JRC and forms part of a hierarchical
pyramidal ERS-I image database at the IRC. 4

Within the environment under development at the JRC two
different initial segmentation approaches will become

Figure 4 : Macro-textural segmentation of ESA
ERS-ISAR Image

available. A first approach will require the interaction of a
human interpreter who will delineate at different scales
"morphological units" on the SAR images, in much the same
way photomorphic units are constructed in traditional
photo-interpretation. Within each SMU (SAR
Morphological Units) specific supervised and, or
unsupervised classifiers will then be applied. The second
approach will bj based upon a hierarchical data structure in
which the radar image will be stored at different spatial
resolutions with a controlled approximate number of
"looks". This pyramidal sequence of images will be filtered
(figure 4b) with a texture edge preserving filter algorithm.
The filter has a number of interesting properties in the sense
that he is both statistically and spatially adaptive while still
retaining average backscatter properties to within 0.1 db. The
use of structural masks within the filter's moving window
allows for the generation of an image containing the specific
structures detected at a given image position . Spatial
attributes of the structures within this structure image like
directionality and density will be used in a region-building
algorithm of the SMU detection procedure to generate at
different levels of scale macro- and meso-lextural
boundaries corresponding to the SMU's (figure 4c). The
SMU identities together with the structure image, will form
additional input variables in our classification schemes. An
example of a macro-texture segmentation is given in figure
4 where our objective was to separate major
geomorphological units in the ERS-I SAR scene.
The estimations of tone, texture (at different scales) and
contextual information gathered at this stage at different
scales should allow for a first initial classification of the
different SMU's. Within the SMU's and depending on the
scale, both region based - and per-pixel classifiers are
applicable. When the topographic information layers are
available and registered to the hierarchical image database
the SMU procedure on the radar data is combined with a
geographical zoning based upon this topographic
information By adding these features to the vector of
descriptive variables we anticipate significantly higher per
scene and per SMU classification accuracies. Figure 5
presents the functional overview of the different processing
modules.

4. FIRST IMPRESSIONS OF THE TROPICAL
FOREST SEEN BY ERS-1

In March 1992 the JRC received a first sample ERS-I image
over one of its selected test sites at the border between Ivory
Coast and Liberia. The image acquired on the 7* of
September 1991 and processed at ES A-Earthnel is presented
in figure 6 in comparison with a high altitude aerial
photography. The subset shown in figure 6 indicates clearly
a number of important aspects of the ERS-I SAR data.

The dominating feature in the images is the Mount Nimba
mountain ridge extending from the lower left comer to the
upper right corner of the images. The entire area is
characterized by primary tropical forest located on the higher
mountain ridges and contact zones between savanna areas
and secondary tropical forest. These secondary tropical
forest areas are basically a complex of regrowths and
marginal agricultural patches originating from the "slash and
bum" practices typical for these regions. Clearly visible in
both images is the discrimination of the herbaceous savanna
complexes in dark tones against the brighter tones of the
forested regions. When evaluating a transect from the
savanna through the primary tropical forest on the slopes and
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ES A-ERS-IS AR Image

Aerial Photograph

Figure 6 : Comparison, of ERS-I SAR image and Aerial Photography of the Mount Nimba Area

plateaus of Mount Nimba a number of interesting similarities
and dissimilarities can be observed.

Although the images have not been rectified to each other the
clear separation between the forested and the herbaceous
areas is equally identifiable on the ERS-I SAR data and the
aerial photograph. Yet, when the transect crosses the outliers
of the Mount Nimba complex (figure.6 sector T) an important
increase in tonalitiy can be observed in the SAR image. An
increase which can be attributed to the influence of the local
topography on the intensity of the backseat tered radar signal.
This phenomena clearly illustrates the importance of the data
analysis sheme proposed by the JRC which includes the use
of topographical information.

5. CONCLUSIONS
a. A first evaluation of the information content of a
uni-temporal ERS-I SAR scene over a tropical forest
environment indicates, even at coarse resolutions, the
potential seper at ability of the forest - non-forest areas.
b. In order to act swiftly on indications of tropical forest
degradations at world wide level an expansion of the existing
number of ERS-I ground receiving stations is of utmost
importance.

c. The amounts of data generated during a multi-temporal
ERS-I SAR data acquisition over even relatively small areas
and the current capacities of the major pan of the user
community to handle efficiently this stream of information
points at a "Hot Spot" strategy.
d. In order to have the results of the ERS-I SAR data analysis
become an important source of information, meant to support
the dccison making processes of different national and
international organizations, the development of a
world-wide information system has to initiated. The efforts
made to bring the ERS-I satellite in orbit should be equally
matched by investments in the data analysis and information
management areas.
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ABSTRACT
In Augus t 1991 Synthet ic Aperture Radar data
from the satellite ERS- I were used for the
f i rs t t ime to assist the French polar vessel
"L'Astrolabe" during its naviga t ion through
arctic sea ice in the Northeast Passage. The
ship spent one month on the voyage from
Europe to Japan, and high-resolution SAR
images and ice maps based on SAR images from
ERS-I and Special Sensor Microwave/Imager
were telefaxed to the ship using the Inmarsat
system. The time delay from observation to
the reception of SAR images aboard the ship
varied from 6 hours to two days. The quali ty
of these ice maps was compared with Russian
ice maps and observations from the ship. The
SAR imagery provided detailed information
on ice floe distribution, ice concentration, ice
types, open leads and tracks in ice from
icebreakers. The response from the Russian ice
specialists on the quality of the SAR ice maps
was very positive.

Keywords: ERS-I SAR, ship routing. Northeast
Passage.

!.INTRODUCTION

The f irs t voyage along the coast of Siberia from
Europe into the Pacific ocean was
Nordenski01d's expedit ion from 1878 to 1879.
The route through the Northeast Passage is
called the Northern Sea Route and has been
used regu la r ly by the Soviet icebreakers and
the ice strengthened cargo vessels since the
1930's. It represents by far the shortest
sai l ing dis tance between Europe and the Far
East. The distance from Bergen, Norway to
Tokyo, Japan is approximately 12000 naut ica l
miles, sailing through the Suez Canal. However,
through the Northern Sea Route the distance is
only about 6000 naut ica l miles (Kjerstad,
1991). With the new policy in the Soviet Union
the Northern Sea Route has a potential as a
commercial seaway for the international
merchant fleet.
As the f i rs t civil ian foreign ship since the
Maud expedition headed by Roald Amundsen in
1918-20 the polar vessel "L'Astrolabe"
obtained permission to transect the Northern
Sea Route in August 1991. The purpose of the

voyage was to reopen the sea Toute for
international ship t raff ic and to gain
experience about navigation along the sea route
for future merchant ship traffic. The
expedition was organised by Mers Magnétique,
a French environmental foundation. The
expedition was headed by P. Sauvadet,
president of the Mers Magnétique.
The major problem preventing regular shipping
year around through the Northern Sea Route is
the climate which causes large areas of the sea
to be ice-covered. Even during the minimum
ice extension in late summer/fall, parts of the
Northern Sea Route are covered by sea ice.

The ERS-I SAR ice routing project started in
June 1991 when Mers Magnétique contacted
NERSC for the possibility to provide real-time
ice information to assist in "L'Astrolabe'"s
navigation through the Northeast Passage.
NERSC has many years of experience in using
satellite data for research and operational
mapping of sea ice in the Arctic. The
expedition of "L'Astrolabe" coincided with the
acquisition of the first detailed ice images
from the European Space Agency (ESA) Earth
Resource Satellite (ERS -1). The satellite was
launched on 16 July 1991 and is equipped
with a Synthetic Aperture Radar (SAR) which
provides high-resolution (3Om) images of the
sea ice independent of daylight and weather.
The SAR ice routing project was set up jointly
by NERSC, Mers Magnétique, ESA, Norwegian
Space Center and the Alaska Sar Facilty (ASF)
of the Universi ty of Fairbanks. The purpose of
the project was to demonstrate that ERS-I SAR
images, transmitted to "L'Astrolabe" in near
realtime, could be useful for navigation in sea
ice.
The project also used large scale ice
concentration maps based on data from the
SSM/I aboard the US Defence Meteorological
Satellite Program. The SSM/I sensor has a
coarse resolution of about 30 km. However the
data are available globally every day and
provides reliable "real-time" large-scale ice
maps.
The Soviet Union has built up an extensive
operational ice service along the Northern Sea

P'oceedmgs o' the Cenfal Symposium ot the International Space Year' Conference. Held m Munich Germany. 30 March-4 April 1992
,ESA SP-34Î JuIv 1992i
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Route. The ice service is localized in Dikson,
which covers the western part, and in Pevek,
covering the eastern part of the sea route (Fig.
1). These station provide ice maps of the
complete route twice a week based on
information from satel l i tes (v i sual / IR data),
a ircraft (visual observations), helicopters
aboard the icebreakers and ships. An ice
observer is a member of the crew on all the
icebreakers . However, the Soviet Ice Service is
hampered by lack of a high resolution weather
independent satell ite images such as SAR data.

2. !/ASTROLABE'S ROUTE

The ship track of "L'Astrolabe" is shown in
Figure 1 . The ship left Murmansk on August 6
and headed for the town of Igarka, about 400
km up the Yenisey River. The ship left Igarka
on the 13th and reached the ice edge north of
Dikson on August IS where "she" met and was
escorted eastward by the Soviet I/B "Kapitan
Dranits i ' ln". As the two ships proceeded in sea
ice the convoi was expanded with two nuclear
icebreakers, I/B "Russnia" on August 16, and
I/B "Arktika" and a merchant vessel on the
following day. This convoi proceeded eastwards
and reached open water at 115° E on August
18. From here "L'Astrolabe" left the convoi
and sailed eastwards in open water to 175° E,
near Wrangel Island where thick floes of
dr i f t ing mult iyear ice were encountered. On
August 22 "L'Astrolabe" joined the I/B
"Kapitan Klebnikov" and was escorted for
approximately one day. After this time only
scattered pieces of ice was seen and the ship
reached Providenya in the Bering Strait on
August 25.

3. DATA ACQUISITION

The major task of the ice routing project was to
acquire and transmit near real-t ime ice

information to "L'Astrolabe" in the ice-
covered areas of the ship route. The
communication lines and transfer of SAR and
SSM/I data are illustrated in Figure 2.
In that there is no tape recorder aboard the
ERS-I satellite, the satellite need to be within
the view of a ground station to be able to
transfer data. Most of the Arctic Ocean is
covered by ground stations located in Kiruna;
Sweden, Tromso; Norway and Fairbanks;
Alaska. The Northern Sea Route west of about
110° E is covered by the Kiruna and Tromso
stations while the area east of about 130° E is
covered by the Alaska station (Fig. 3). The
ERS-I SAR data in the western part were
received by the Kiruna station and
transferred by computer link to ESA's
Technical Establishment in Holland (ESTEC).
Here the data were analyzed by an ice expert
from the NERSC. The SAR data East of 130° E
were received and analyzed at the Alaska SAR
Facility. The transmission of the data to the
ship from ESTEC and ASF was by telefax using
the INMARSAT system.
The SSM/I raw data were transferred from the
NOAA Oceanic Data Distribution System
database in Monterey, California to NERSC
using a modem and the telephone. At NERSC the
total ice concentration was calculated using
the NORSEX algorithm (Svendsen et al. 1983).
These maps were sent via telefax to
"L'Astrolabe" 1 2 - 1 8 hours after observations
were made. Aboard the ship the SSM/I maps
were compared with the Soviet ice maps which
were based mainly on visual and infrared
satellite observations. The Soviet ice maps are
more detailed due to the 1 km resolution
compared to the 30 km resolution of the SSM/I.
On the other hand the SSM/I maps are
independent of weather conditions and provide
reliable information where the Soviet ice maps
are masked by cloud cover.
"L'Astrolabe" received several SSM/I ice
concentration maps before it reached the ice

50 60

70
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Figure.I The ship track of "L'Astrolabe" through the Northeast Passage based on Argos
positions. The numbers indicates dates in August.
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Figure 2. Communication lines during the ice routing project.

edge north of Dikson on August IS. The
location of the ice edge (25% ice concentralon)
observed from "L'Astrolabe" agreed well with
the SSM/I ice maps.

4. PREPARING THE SAR DATA TRANSMISSION

In the planning of the ERS-I SAR data
transmission two factors were important. The
fi rs t was to order data from the correct area in
correct time period. The second was to
transmit the essential SAR ice information to
the ship in time to be useful in the navigation.
The f i rs t problem was solved by using the
SSM/I maps in the period from August 8 to 13
to ident ify areas of sea ice. Most of the ice
along the Northern Sea Route was found
between Dikson and Cape Chelyuskin. In the
Laptev Sea and further east the route WK .
almost ice-free. Between Wrangel Island and
the Bering Strait some 10 - 20 % ice
concentration was observed. The ERS-I SAR
coverage between Dikson and Cape Chelyuskin
was simulated in a computer program and
superimposed on a map of the area (Fig. 4). All
avai lable SAR scenes from this area were
requested from ESA prior to August 13. The
request was made for the period from 13 to 20
August when "L'Astrolabe" was scheduled to
operate in ice. Then the ESA Operation Centre
(ESOC) in Darmstadt included the request in
the SAR operation schedule. Based on the SSM/I
map of August 18 a s imilar request was made
for the eastern part of the route for the period
from 20 to 25 of Augus t . This request was also
sent to Alaska SAR Facili ty, where the data for
th is period was processed.
Fig. 4 shows that the ascending orbits of the
ERS-I SAR cover about 50 % of the sea route
from Dikson to Cape Chelyuskin. The coverage
could have been increased to 70 - 80 % of the
area if descending orbits had been included.
Due to operational constrains SAR data from
these orbits were not obtained. A copy of the
data request was sent to "L'Astrolabe" so that
the crew aboard the ship knew when and where
SAR images could be expected.

5. FROM DIKSON TO CAPE CHELYUSKIN

The realtime interpretation of the SAR image,
made in ESTEC, is a simplified drawing
showing ice concentration estimates and the
major features of the images. The drawings
were telefaxed to the ship together with the
images. Aboard the ship improved

Figure 3. EKS-I station mask for the Kiruna
and the Fairbanks ground stations.

interpretation were made using observations
from the ship. In some cases the interpretation
was very d i f f icu l t , especially the distinction
between f i rs tyear and mult iyear ice. The ship
observations showed that most of the ice was
f i r s t yea r .
Figure 5 show a SAR image from August 16 at
1340 UT, less that a day prior to
"L*Astrolabe'"s passage through the area. In
addition to the ice features observed three
days earlier this SAR image showed a ship
track extending in a northeasterly direction
parallel to the coast . The ship track, which is
characterized by a line of high backscatter
because of broken floes, was not observed in
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the image from August 13. The ship track
must have been created by icebreakers which
sailed through the area one or two days before
the image was obtained. When the image was
received aboard "L'Astrolabe" on August 17 at
2200 UT, she had already moved through the
area earlier that day using the same track. A
comparison between the SAR signature and the
ship observations suggest that the dark areas
are smooth firstyear ice with meltponds while
the bright areas are firstyear ice broken into
small pieces. A blow-up of part of the ship
track is shown in Fig. 6, which is an excerpt of
a full-resolution SAR image which has more
high-frequent noise than the 100 m resolution
image in Fig. S.

6. THE EAST SIBERIAN COAST

In the afternoon of August 17 "L'Astrolabe"
moved out of the Kiruna station mask. During
the next day she sailed through the icefree
Laptev Sea and entered the mask of the Alaska
SAR Facility(ASF) in the vicinity of the New
Siberian Islands early in the morning of the
19th.
Although both ascending and descending
orbits were obtained for the period 19 to 21
August large gaps in the coverage occurred.
Study of the imagery showed that of the 11
passes examined, S passes were ice free. The
SSM/I images indicated that light ice
conditions prevailed along the East Siberian
Coast with large icefree areas and some areas
of low concentration. In cases where ice was
present in the SAR images the interpretation
could be difficult. The contrast in the ocean-
ice areas was low. Several images which were
telefaxed to the ship were essentially useless
for ice analysis. At the time these images were
prepared, the ASF SAR Processor System was
not fully operational. As a result, all the
analysis was carried out using low contrast
quick-look images. Some areas with patchy
returns were difficult to interpret. It could be
purely open ocean phenomena or various thin
ice types. Only general ice information without
detailed structures was provided, but rapid
transmission of such information was useful in
the planning of the ship route.

7. DISCUSSION
ERS-I . being an experimental satellite in
polar orbit, is not designed for global
monitoring of sea ice by SAR. With a swath
width of 100 km and 14 orbits per day there
will be significant gaps between the SAR
covered swaths on any given day.
Therefore, a ship sailing along this route wi l l
be moving in and out of regions of SAR
coverage. All the SAR images cannot be
obtained just prior to the time that the ship
transits a given swath. However, with careful
planning of the ship schedule according to the
SAR schedule optimal coverage can be
obtained. For example, during "L'Astrol»be"'s
voyage from Dikson to Cape Chelyuskin the
SAR coverage was obtained from eastward

Figure 4. The coverage of SAK images from
ascending orbits of ERS-I between Dikson and
Cape Chelyuskin Dates and times are indicated
along the ship track.

moving swaths which matched fairly well with
the daily positions of the ship. For future
satellites, although the orbits will remain
basically the same, the coverage problem will
be reduced by wider swath widths, steerable
antennas, and multi-satellite SAR operations.
It should also be noted that, in the future, on-
board tape recorders will remove any gaps
between station masks.
The most important technical prcblem was the
transmission of high quality images directly to
the ship. Although the interpreted ice maps
could be useful, they could never be as good as
a high quality SAR image received aboard the
ship. The transmission of images by telefax via
the INMARSAT system was not always
successful. Also images with showing small
difference in backscatter between ice and open
water could not be transmitted because of
inadequate discrimination between shades of
grey. Other images showing clear ice features
were transmitted to the ship and provided
useful information. It should be noted that
during the late summer and early fall the
presence of meltponds and wet snow reduce the
radar backscatter difference for the different
ice types. Therefore this study represents a
worst-case scenario for use of SAR data for ice
classification.
Other problems in the project could, in
hindsight, be easily remedied if time for
preparations prior to the cruise had been
better. For instance there was no agreed-upon
ice code or procedure for getting information
to the ship. Both the Nansen Center group and
the ASF group improvised as best they could.
The Nansen Center group had continuous
access to the ship's positions through the
Argos system, which was useful in the
selection of suitable SAR images to be sent to
the ship. This was not the case at ASF where
they had no exact information about the ship's
position between the Laptev Sea and the Bering
Strait. Therefore, some imagery was
undoubtedly analyzed and sent to the ship
after the ship had passed through the area
covered by the image.
A crucial factor for successful use of satellite
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Figure 5. SAK imagery obtained on August 16 near Cape Chelyuskin, image center is 77.09 N,
101.53 E. ESA/Copyright.

data in ice rou t ing is the delay between the
t ime of the observation and the t ime when
ci ther an image or a derived ice product are
a v a i l a b l e aboard the ship. At ASF the
d o w n l i n k , processing and analysis of the SAR
images was carried out in one place, which is
an advan tage for rea l t ime use of satellite data.
In Europe the SAR data were transported from
Kiruna in Sweden to ESTEC in Holland. This
trar .sport could only be done once a day due to
l i m i t a t i o n s of the computer network and it was
the major bottleneck of the data f low. The time
delay f rom observat ion to reception aboard the
ship was usua l ly more than one day in Europe,
whi le it was usua l ly between 12 and 24 hours
in Alaska. The fastest del ivery performed by
ASF was on August 21 when the delay was
down to about 6 hours. During SIZEX'92 ERS-I
SAR in fo rmat ion was received at the ship less
than two hours af ter the sate l l i te passage.
As mentioned before the in te rpre ta t ion of the
ice conditions from the SAR images was

diff icul t both at NERSC and ASF. The first SAR
images of ice from ERS-I were obtained in the
summer when melt water and different types of
thin ice makes it d i f f i cu l t to discriminate open
water from ice in the SAR signature. On the
other hand, one main purpose of the project
was the collection of ice observations from
"L'Astrolabe", which will be very useful in
improving the interpretation of the ERS-I SAR
images in the future.This work has started.

8. CONCLUSIONS AND RECOMMENDATIONS.

The overall results of the E R S - I ice routing
project can be summarized as follows:
1) The use of Inmarsat communication for
transmission by telefax funct ioned better than
anticipated. Most of the Northern Sea Route is
wi th in range of Inmarsat . Only an area in the
Laptev Sea was out of range. This area is also
out of range of ERS-I for both the Kiruna and
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Figure 6. Excert of the SAR image of August 16 showing the ship track near three small
islands (bright areas).

the Alaska station. The SSM/I coverage for the
Northern Sea Route is adequate.
2) The quality of the SAR images sent on
telefax was in some cases very good. Especially
the images near Cape Chelyuskin, with clear
ice features including the ship track, were
par t icu lar ly well reproduced aboard the ship.
However, the images from the eastern part of
the route showed more dif fuse ice signatures
and could therefore not be sent by telefax.
3) In the presentation of an interpreted SAR
image a common format should be agreed upon.
The WMO ice nomenclature is one possibility.
4) The time delay between observation and
presentation aboard the ship varied from 6
hours to two days. With better ground
faci l i t ies the time needed for processing and
distr ibution of SAR images can be reduced to 1
- 2 hours. During the NORCSEX 91 and SIZEX
92 the Tr o m s 0 Satellite Station, which was not
in operation during "L'Astrolabe"Ns voyage,
has demonstrated that it can processes and
dis t r ibute a ful l - resolut ion SAR scene in less
than 30 minutes.
5) The ordering procedure for ERS-I SAR data
should be improved. During this project the
communication with ESTEC and ESOC was based
on ad hoc telephone and telefax messages. The
result was that some important SAR scenes
were not acquired, and that several SAR scenes
were obtained far from the area which was of
interest for the ice routing. From the user's
point of view it is very important that SAR
images can be ordered from 1 to 2 weeks and
up to, say 1-2 days prior to data acquisition.
It is also important for the ship to receive the
updated SAR schedule for the next 1 - 7 days
so the captain knows where SAR data will be
available and can use mis to plan the ship
track.
6) A possibility, which was discussed aboard
"L'Astrolabe", was to sail the Northern Sea
Route the short way along a great circle further
north where the SAR coverage is better instead
of sailing along the Siberian coast. Further

north the ship could sail along the SAR swaths
in areas with 100 % SAR coverage several
timesper day. With sufficient SAR data
available in realtime aboard the escorting
icebreaker the captain could find optimal
sailing routes through leads and polynyas in
the ice pack north of the New Siberian Islands
or Wrangel Island.
7) ERS-I monitoring is recommended to be
integrated by the Russian operational ice
service, both to the land centres in Dikson and
Pevek but also directly aboard the icebreakers.
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ABSTRACT

The NORwegian Continental Shelf EXperiment-
NORCSEX'91 was conducted between 6-29 November 1991
during the commissioning phase of ERS-I. In this period
about 30 SAR scenes were obtained at a regular interval of
three days and complemented with in-situ observations of
wind-wave-cunrem and their interaction collected from ship
and moorings. The integrated data base reveal that SAR
images document expressions of; 1) mesoscale ocean current
circulation pattern including frontal boundaries and eddies; 2)
«ave-currem refraction; 3) internal waves; and 4) rapid
mesoscale wind field variations. In some cases impact of radar
imaging geometry on these image expressions are found. In
addition the expressions of oceanic circulation features are
limited by both high and low wind speed. These preliminary
results will be presented and discussed.

ERS-I, C-band SAR, Current boundaries, Wind fronts

1. Introduction

The first European Space Agency (ESA) remote sensing
satellite, (ERS-I), was successfully launched into polar orbit
on 17 July 1991. After the launch and subsequent instrument
engineering performance tests an intensive period for
calibration and validation experiments were conducted around
the world in agreement and cooperation with ESA. Among
these the Norwegian Continental Shelf Experiment
NORCSEX'91 was conducted off the west coast of Norway
centered to Haltenbanken (64°30'N, 9° E) from 6-29
November 1991. The primary objectives of NORCSEX'91
was to demonstrate and validate the ERS-I detection
capabilities of:

* surface current boundaries including eddies;
* near surface mesoscale wind fronts;
* sea state conditions;

and their interaction in weather conditions ranging from
moderate to extreme. In particular the study focused on ihe
ERS-I C-band SAR imaging capabilities. This required access
to a dedicated fast processing and distribution system. At the
Norwegian national receiving station, Troms0 Satellite Station
(TSS), data were received and processed to a geocoded image
on a CESAR processor at an approximate speed of 6-8
minutes per 100 km * 100 km scene. Subsequently full
resolution (16 m by 20 m) and low resolution (80 m by 100

m) images were transmitted to Ntnsen Center in Bergen vit
NORSAT B/Idun telecommunication satellite system (2
MegaBit/s) with Spacetec as operator in Troms0, At NERSC
these data were further processed and value added on an image
processing system, and interpretated images were finally fixed
to R/V Hâkon Mosby within 3 hours of SAR data acquisition.
This ensured possibilities to steer the ship into regions were
ihe SAR images expressed interesting features. In turn near
synoptic collection of ground truth data were obtained
providing the geophysical data necessary to offer realistic
interpretations of the images.
This paper provides a short description of the NORCSEX'91
field campaign including a data overview in section 2.
Preliminary results from the SAR detection capabilities of
current features and wind fronts are discussed in section 3,
and a brief summary in section 4.

2. Data overview

During the 23 days NORCSEX'91 field experiment ERS-I
orbited in the 3 day exact repeat cycle of the commissioning
phase. A map of the corresponding SAR ascending ground
coverage within the experimental region is shown in Figure
1. The time-separation between ascending and descending
passes in the experimental region was approximately 11 hours
and 40 minutes.

-ee?

Figure 1. Map of the experimental region and the
overlapping SAR swath.

Proceedings of the Central Symposium of the International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 1992
(ESA SP-347 July 1992)
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An overview of the multiplatform- and multisensor data
collection is given in Table 1 including satellites, ship and
moorings. Table 2 provides an overview of available SAR data
collected within the experimental area from 20 October to 7
December. The comment statement provide a brief indication
to the main features identified in the images. The SAR images
selected for further presentation in the next section are
identified with a *).
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Table 1: Overview of platforms/instruments and
corresponding primary observed geophysical

quantities/features.

In regards to the SAR detection capabilities of current features
and wind fronts the most important geophysical quantities to
measure are the upper ocean currents, the boundary layer
stability and the near surface wind vector in vicinity of the
SAR detected frontal boundaries. The temporal and spatial
variations of these quantities were regularly measured from a
ship mounted Acoustic Doppler Current Profiler (ADCP), 24
current meters equally divided between six moorings separated
by 40 to 100 km, thermistors and sonic- and cup-
anemometers.

IMc.

21.08
20.10
23.10
26.10
29.10
01.11
04.11
07.11
10.11
13.11
16.11
19.11
20.11
22.11
23.11
25.11
28.11
01.12
04.12
07.12

Time
(UTC).

21:10:10
21:10:10
21:10:10
21:10:10
21:10:10
21:10:13
21:10:10
21:10:16
21:10:15
21:10:09
21:10:10
21:10:10
10:47:55
21:10:10
10:47:55
21:10:10
21:10:10
21:10:09
21:10:10
21:10:10

D«U
Source

Tromso
Tromso
TromsB
Tromsa
Tromso
Kiruna'
Trornsa
Kiruna
Kiruna
Kiruna
TromsB
TrOlTlSB

Tromsfl
Tromsa
TromsB
TromsB
TromsB
Tromsa
Tromsa
Tromjfl

Comment*

Cyclonic eddy.
Dominated by wind.
Current shears and internal waves.
Strong current shears.
Oil spill and current shears.
Internal waves and current shears.
Dominated by wind.
Wind front.
Wind streaks and current shear.
Wind and current fronts.
Wind front.
Current front and wind front.
Wind fronts and rain cells.
Current shears.
Current shears.
Current shears and internal waves.
Wind front.

Current shears.
Waak current shears.

TaWe 2. Overview of available NORCSEX'91 SAR data

Near surface current of order 1 m/s was observed in the
Norwegian Coastal Current hugging the coast. The sea
surface temperature changed from about 90C in this current to
about 80C in the North Atlantic Norwegian Current located
further offshore. On the other hand the current shear across
this relatively weak temperature front was of the order of 10 •*
s -i. Throughout the first 18-20 days of the field campaign
unstable stratification on the average of about -30C was
encountered in the atmospheric boundary layer. Passages of
several storms were encountered with 10 minutes average
wind speed exceeding 20 m/s sometimes accompanied by
significant waveheights of about 8-10 m. Between these
storms the winds occasionally dropped to less than 2-3 m/s.
The corresponding upper ocean and lower atmospheric
interaction provided a variety of sea surface conditions that are
manifested in the series of collected SAR images. We will
address some of these image manifestations in more details in
the next section.

3. SAR image expressions

The vertical polarization C-band SAR instrument primarily
senses the spatial distribution of the 0.07 m short gravity
waves on the ocean surface at a resolution of about 30 m
through a resonant Bragg backscattering mechanism (Réf. 1).
The illuminated area (swath width) on ground is 100 km, and
is displaced about 200 km off the satellite sub-track
corresponding to a center radar incidence angle of 23°. The
Bragg scattering waves are developed in response to the wind
stress. These short waves are in turn modulated by longer
gravity wind waves and swell (Réf. 2). However, as
demonstrated in Seasat SAR and numerous airborne SAR
images, the spatial distribution of these short gravity waves is
also correlated with a number of significant larger scale
processes including local wind field variations, mesoscale
circulation patterns and internal waves (Refs. 3-6). Among the
most frequently reported circulation features detected in SAR
images are mesoscale and sub-mesoscale eddies, in particular
in the Gulf Stream, along the marginal ice zones and in shelf
and coastal currents. In addition, the presence of pollutant oil
spill and natural slicks at the sea surface can be expressed as
dark features in SAR images, through damping of the Bragg
waves (Refs. 7, 8).
The motivation behind the study reported here is to document
that wind, current and internal wave modulated frontal
structures can be distinguished and classified in SAR imagery.
This is schematically illustrated in Figure 2 where the SAR
manifests the surface roughness change due to wind shift as a
steplike transition zone from low to high backscatter intensity
induced by the change in wind speed and direction. On the
other hand the backscatter modulation induced by wave-
current interaction along a current front or eddy can be
expressed as a narrow, bright or dark curving signature. These
fronts are again distinguished from internal waves since they
are expressed as a chain of regularly spaced bright and dark
backscatter zones.

Figure 2. Proposed SAR image classification system.
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SA* DETECTED FKONTS: In Figure 1 the labels A, B
and C mark the specific geographical locations within the first
100 Km * 100 Km ascending SAR scene after the crossing of
the land-ocean border. They respectively represent the sites
where expressions of current boundaries, internal waves and a
cyclonic eddy are repeatedly identified in SAR images (see
also Table 2). In general the Norwegian Coastal Current in
region A is steered northeastward between the bank and the
coast, while a weak anticyclonic flow of mostly Atlantic water
usually appears to be trapped on the bank. In turn a cyclonic
current shear and current front are formed at the boundary
between the two characteristic currents (Réf. 9). This is
documented in the temporal variations of the near surface
current as obtained at the two current meter moorings located
on each side of the front (Figure 3a), and in the spatial
changes of the upper ocean current across the front as obtained
from the ship mounted ADCP (Figure 3b) during
NORCSEX'91. The maximum current exceeds 1.2 m/s in the
NCC while the current shear across the front reaches up to
0.5* 10-3 s-l.
In the SAR image obtained on 26 October an expression of a
meandering frontal boundary is seen extending across the
image from near to far range (Figure 4). A few places the front
splits into several meandering fronts, and narrow zones are
expressed by either elongated high or low backscatter return.
We interpret these expressions to be the manifestation of the
above mentioned current front including meanders and eddies.
The interaction of the shearing current along the front and the
surface waves can lead to changes in the surface roughness
which are detected by the SAR. The apparent shifts from high
to low backscatter may be caused by effects of imaging
geometry. The largest spectral perturbations, or departures
from equilibrium spectra with the local wind, typically occur at
wavelengths of the order of 1 m (Réf. 10). Both at longer
wavelengths where the group velocity becomes much larger
than the current speed, and at shorter wavelengths where the
relaxation effects play a predominant role in this spectral
perturbation decrease. This is indeed supported by a
comparison of a collection of multispectral SAR images
obtained with the NASA DC-8 C-, L- and P-band SAR flight
of the Norwegian Coastal Current last summer where the P-
band (0.68 m) is clearly most sensitive to surface roughness
variations induced by current fronts.

125 cm/s/cm

From the sequence of 19 SAR scenes regularly collected
between 20 October and 7 December evidence of frontal
expressions assumed to be modulated by the wave-current
interaction along the shearing frontal boundary are clearly
identified in 6 images (see Table 2). During all these SAR
overpasses the wind speed remained between 4-10 m/s, while
the boundary layer stratification remained unstable (-30C) up to
20 November when it gradually became neutral as a result of
temperature increase in the air.

RANGE

Im/i/cm

Figure 3. a) Comparison of temporal variations in the current
at 25 m depth below surface at CM3 and CM4; b) spatial

variations in the current at 15 m depth between CM3 and the
coast.

Figure 4.100 km * 100 km SAR image obtained on 26
October. Expression of several frontal boundaries are clearly

identified. Resolution is 100 m. Directions of range and
azimuth are marked.

Further analyses of the SAR detection capabilities of current
boundaries will be done by employing the SAR image
simulation model discussed in Réf. 10.

SAR DETECTED INTERNAL WAVES: The SAR
expressions of internal waves identified in region B are located
close to a shallow topographic plateau extending
northeastwards from (he island of Fr0ya. We assume that they
are generated by tidal interaction with the steep slope along this
plateau. From the SAR image we estimate that the internal
waves have a wavelength of about 3 km and they extends
westwards from the generation region near the plateau. That
means that they are propagating in a direction opposing the
strong northeastward NCC, and their speed must thus clearly
exceed about 1 m/s.
The océanographie conditions across the internal wave train
were sampled with towed Seasoar and ADCP. The spatial
variations in the temperature- and salinity profiles reflect the
shape of the internal wave with an amplitude of about 5 m
centered at the mean pycnocline depth of 20 m. The
wavelength of about 3-4 km agrees with that estimated from
the SAR image. Regular variations in the upper ocean currents
of about 0.10-0.20 m/s furthermore reflect the circulation
pattern in the upper mixed layer induced by the propagating
internal wave train.
Detailed analyses of the near surface wind stress variations and
the complementary surface roughness changes obtained from
the scatterometer measurements will provide opportunities to
qualitatively study the behavior of the surface layer across this
internal wave train.

SAR DETECTED EDDY: The 5 km cyclonic eddy in
region C (Figure 1) was depicted in the first SAR image
received at Troms0 Satellite Station at 21:10 UTC on 21
August 1991 (Figure 5). The SAR image manifests the
existence of the eddy by the dark low backscattering lines
(with a width of 200 m to 500 m) outlining a cyclonic spiral
with an approximate diameter of 5 km. Apart from standard
weather observations along the coast reporting southwesterly
wind between 3-5 m/s, no surface data are available to offer
sufficient analysis of the physical (and biochemical) conditions
in the eddy, in particular along the dark spiraling lines. In spite
of this we interpret the low backscattering lines to be
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expressions of small scale turbulence aligned in the direction
of the larger scale eddy orbital motion. This turbulence leads
to convective motion in the water that can bring organic
material present in the upper layer to the surface where it can
remain as a micrplayer of natural surface film (Refs. 8, 11).
As the concentration of this surface film (surfactant molecules)
increases due to for example converging currents, it can reach
sufficient pressure to inhibit growth of capillary and short
gravity waves at C-band. This damping of the small scale
surtace roughness prevents the radar echos from the surface to
maintain its strength leading to manifestation of dark features
or surface slicks. This imaging mechanism is characteristically
different from that suggested to be dominant for the frontal
boundary expressions reported above. Again these
expressions of dark spiral lines are expected to disappear at
higher winds (10 m/s) since wind induced mixing in the upper
layer will redistribute the surface slicks and prevent such
damping.

RANGE

Figure S. SAR image of 5 km cycionic eddy assuming
expressed by presence of surface slicks.

We lack a sequence of SAR images to study the temporal
characteristics of this eddy, i.e. is it forming, fully developed
or decaying. In turn we cannot precisely determine if the S km
in diameter spatial dimension represents the fully developed
size of the eddy. Despite this the synoptic SAR image
manifestations of surface convergence in the eddy and its
rotational direction are clearly of importance for studies of
mesoscale coastal circulation. The combination of such SAR
detected mesoscale eddies and results of numerical ocean
circulation models is shown to be a powerfull technique in
coastal ocean studies (Réf. 12).

WIND FRONTS: In Table 2 it is also commented that
several SAR images manifest the presence of wind fronts. As
schematically illustrated in Figure 2 they have a distinct
"steplike" backscatter expression. In Figure 6 the SAR
obtained on 20 November indeed shows this characteristic
expression. Comparison to analyzed wind fields from this day
are in good agreement. The center of the low pressure is
located to the northeast of the SAR image, and the wind
direction in the scene is almost parallel to the frontal
orientation as indicated by the streak pattern in near range. The
analyzed map shows that the wind changes gradually from 15
m/s to 10 m/s while the SAR image indicates that the wind
speed undergoes a series of steplike decrease across the scene
from near to fur range.
On 7 November another wind front was imaged by the SAR
and this time it was crossed with the ship. A blowup of the
SAR scene with the backscatter profile superimposed is shown
in Figure 7a, and the coiresponding wind speed measurements
across the front (marked A) with the ship is shown in Figure
7b indicating that the wind speed dropped by almost 5 m/s.

Figure 6. SAR image obtained on 20 November showing
the steplike change in radar cross-section in correspondance

with the rapid change in wind speed.

Further discussion of different characteristic mesoscale wind
field variations in this coastal region will be provided during
the presentation.

RANGE
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Figure 7. a) SAR image obtained on 7 November with the
backscatter profile averaged within the "white box"

superimposed.Two characteristic fronts, marked A and B ire
seen, b) Spatial variations of the near surface wind speed and
boundary lare stability across front A measured from the ship.
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4. Summary

This study has shown that under moderate winds between 4-
10 m/s the SAR can provide detailed observations of the
mesoscale circulation pattern of the Norwegian Coastal
Current represented by the behavior of the frontal boundaries
including generation of eddies. Moreover existence of internal
waves can be contrasted from typical frontal boundaries in the
SAR images. The imaging mechanisms providing these
observations alternates between; 1) short gravity wave-current
interaction along the shearing current front; and 2) damping of
short gravity waves by presence of surface slicks accumulated
in the direction of the current by small scale turbulent motion.
Furthermore these imaging mechanisms and corresponding
expressions are also shown to be sensitive to the radar
wavelength.
In contrast to the expressions of these imaging mechanisms the
rapid changes in the near surface wind field are immediately
expressed in SAR images as steplike changes in surface
roughness. This is primarily due to the dominant role of the
relaxation effect and its impact on the radar cross section.
These preliminary results obtained from ERS-I C-band SAR
are promising and reflects the potential quality as well as
application of the data base from polar orbiting satellite radar
images which will become increasingly available in the 90's.
In combination with model results of ocean circulation they
will for example offer a possible opportunity for monitoring
and modelling of the surface current pattern in coastal regions.
In addition the sensitivity to surface roughness changes
provide a mechanism to monitor rapid wind field variations in
the range from approximately 3 to IS m/s, i.e. between the C-
i;s:«d SAR threshold wind speed and saturation wind speed.
Regular access to such observations will provide new insight
to dominating coastal air-sea interaction processes.
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ABSTRACT
Marine traffic in the northern Baltic is severely affected by
ice for several months during the winter. The Ice Service
regularly compiles and issues ice charts, and the Finnish
Board of Navigation maintains a fleet of icebreakers that
keep harbours open and aid ship traffic.

The demonstration experiment received ERS-I SAR
fast delivery images in Helsinki during the period January
to March 1992. These images were preprocessed, geomet-
rically rectified and transmitted to the Ice Service and the
icebreaker fleet, which also received NOAA images, where
a workstation is used by the crew for viewing and inter-
preting the images. The paper describes the transmission
channels used in the experiment, the processing done to
the images, and the workstation. Experiences gathered and
problems encountered in the experiment are described.

Keywords: ice, SAR, workstation

The ERS-I images used in the experiment are received
as part of the Baltic PIPOR-project which is an ERS-I AO-
project. The FD-images are processed at the ESA facilities
in Kiruna and Fucino, with the bulk of the images coming
from Kiruna. The SAR processing facility at Troms0 Satel-
lite Station (TSS) in Norway serves as a backup source.
Since no satellite link is available from Troms0, only low
resolution images could be obtained from TSS in real time.

NOAA images are received regularly at the Finnish Me-
teorological Institute (FMI) in Helsinki and used in the op-
erational service there. The geometrical rectification of the
images is also done at FMI.

OCEAN images are read down at Planeta's receiving
station outside Moscow. They are then transferred to Plan-
eta's facilities in Moscow where they are preprocessed and
geometrically rectified. Since the side-looking radar failed
around the end of 1991, only optical images have been re-
ceived this winter.

1. INTRODUCTION
The Finnish icebreakers have for some time been using

a workstation, developed by VlT. for reception of images
from the NOAA weather satellites (Refs. 1, 2). Despite
the low resolution ( 1 km), the images provide valuable in-
formation during cloud-free conditions.

During the last two years the system has been augment-
ed to also accomodate SAR images, and during the ice
phase of ERS-I, SAR images have been regularly received,
processed and transferred to the icebreakers and the Ice
Service. Because of the exceptionally mild winter, however,
the ice cover has been very small, and the only area where
the Finnish icebreakers have been operating, in the Kemi-
Oulu-Raahe area in the Bay of Bothnia, was not covered
by the ERS-I SAR during the ice phase. For this reason
the experiment has been more an exercise in the process-
ing and transmission of SAR images than actual use of the
images.

The planning for the demonstration is reported in Réf. 3.

2. DATA SOURCES
The image types used in the ISY demonstration are

ERS-1SAR images, images from the NOAA weather satel-
lites and optical images from the Russian OCEAN-satellites.

3. TRANSMISSION CHANNELS

3.1. IMAGE RECEPTION

ERS-I SAR images are received on the Broadband Da-
ta Dissemination Network (BDDN). The BDDN terminal
was installed at VTT's facilities in the beginning of January
1992, and became operational on January 19. This was
shortly after the distribution of images from the Ice Phase
had started, and during the following two and a half months
SAR images have been received regularly from Kiruna and
Fucino. Because of the allocated time slots on EUTEL-
SAT, images from the ascending pass are not transmitted
until the following afternoon. Since images from the de-
scending pass are almost exclusively received from Kiruna,
this means a minhnum time delay of 5 hours from the satel-
lite pass until the image transmission from Kiruna starts.
The images from the descending pass typically reached the
icebreakers 6 — 8 hours after the overflight.

LX)W resolution image transmission from Tromso has
only been done for test purposes. It uses Unix FTP on
Internet for transmission, and on March 3 a test was per-
formed where TSS processed 6 U * resolution images and
transferred those to VTl. Since the processing of FD-images
at TSS takes only 8 minutes per image, all the six images
were processed within 70 minutes after the satellite pass,
and the transmission time on Internet for one image (2.5
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megabytes) took less than 4 minutes. The images were
transferred as soon as they were ready, and all images had
arrived at VTT 1 hour and 20 minutes after the satellite
overflight.

NOAA images are read down directly from the satellite
at FIMR, where the further processing also is done.

OCEAN images were transferred from Planeta in Mos-
cow to the Ice Service in Helsinki via a telephone line. Two
PC's with 9600 baud telephone modems are used togeth-
er with the Kermit communication software. Under favor-
able conditions a 256 kilobyte image will be transferred in
less than half an hour, but because of bad telephone con-
nections, it may take longer, and unsuccessful attempts are Figure 1. Telefax image.

3.2. PRODUCT DISSEMINATION

After processing at VTT, two types of products images are
distributed. One is a digital image going to the icebreak-
ers and the Ice Service, and the other is a telefaxed image.
The former is sent through the IRIS system (Information
and Reporting system Icebreaking Service), which is im-
plemented with DECnet on the Nordic Mobile Telephone
(NMT) system. The images are sent to a VAX machine at
the Finnish Board of Navigation (FBN) in Helsinki, from
where they are automatically transferred to a VAX machine
on the icebreakers in the appropriate region. The file name
is used to identify the area covered. The transmission from
VTT to FBN is done by means of Kermit over a telephone
modem. The typical file size for a compressed image is be-
tween 60 and KX) kilobytes.

Telefax images are generated digitally, rasterized and
transferred by means of a datafax modem. The rasterized
image is generated on a Unix workstation, converted to
TIFF format and transferred over a data network to a PC,
where the fax software is running. Transmission time for a
fax image is 2 —3 minutes.

4. PROCESSING OF FD-IMAGES

The purpose with the processing of the FD-images is to
produce images with appropriate geometric and radiomet-
ric resolution which are rectified to a given map projection.
Since the Mercator projection is used for marine naviga-
tion in the Baltic Sea, this is the only projection currently
used. No interpretation of the SAR image is done during
the processing, and the processing in fact tries to destroy
as little as possible of the information in the original image.
The interpretation of the images is presently done by the
icebreaker crew and the people in the Ice Service.

The proc-ssing consists of the following steps:
• selection of desired geographical area and resolution

• generation of an unrectified image with the proper
resolution

• transformation to Mercator projection

• remapping of the pixel intensity to allow reduction to
8 bits per pixel

• conversion to the file format used by the icebreaker
workstation

• compression of the rectified image

The processing outlined above is the one used for the
images being sent to the icebreakers. The telefax image is

generated from the rectified image by further reducing the
resolution of the image in order to make it fit on an A4-
paper, rasterizing the image and adding a frame giving the
time of overflight and geographical coordinate information.
Figure 1 shows an example of a fax image.

The SAR FD-images contain the corner coordinates for
the image, and these are used in order to rectify the im-
age. Bilinear interpolation is used to generate pixels be-
tween the corners, and the image is lowpass filtered before
this operation in order to avoid aliasing effects. Because
ERS-I did not cover the operating areas for the icebreak-
ers, higher resolution image sections were only generated
and sent for test purposes. When the two-way protocol is
implemented, the specification of area and resolution will
be used to generate the requested images.

The file format used for the workstation has a file head-
er giving the area covered by the image and the pixel reso-
lution and information about the sensor and time of record-
ing. The same file format is used also for the NOAA im-
ages.

The compression algorithm used is an adaptive method
based on laplacian pyramids. It is developed at VlT and is
described in Réf. 4. The resulting error can be chosen, and
since the method is global, it degrades the image gracefully
for large compression ratios, compared to methods based
on image blocks, where block boundaries tend to show up
in the decompressed image for large compression ratios.
The degradation is, however, not a simple averaging pro-
cess, and for this reason the preferred approach has been
to reduce the image resolution before compression and use
a rather small residual error. This has resulted in compres-
sion ratios on the order of 4, depending on the image con-
tents.

The standard product that has been sent to the ice-
breakers during the demonstration has had a resolution of
200 meters. The generation of this image from the FD-
image takes less than five minutes.

5. ICEBREAKER WORK STATION

S.I. THE ICE-APPLICATION

The application called ICE has the functions listed below.
Raster image display functions:

• Decompression and display of imagefile data. The
compression method is an Ad<iptive Laplace Pyra-
mide compression developed at VlT.

• Possibility to use multiple windows of variable size.
This function is used to compare different images vi-
sually.
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• Zoom-in/zoom-out for close-up look at details or to
get an overview.

• Use of pseudocolors and contrast stretching using in-
teractive look-up table manipulation. The user can
also choose histogram based automatic contrast stretch-
ing, which speeds up the process to find the optimal
look-up table adjustment for the image.

» Image sharpening based on convolution operation.
This image processing fu:<ction enhances small local
differences in the image, which gives good results only
in case of noise-free images.

Combination of images:

• Use of overlays for display of coastlines, harbours and
lighthouses as well as safety-zones i.e. area of deep
enough water for risk-free navigation. The overlays
need not be of the same resolution as the images
overlaid upon - scaling and positioning is done auto-
matically based on position and resolution informa-
tion in the headers of the files.

• Combination of images of different resolution and
geographic location. This function enables the us-
er to superimpose SAR-images on a NOAA-image
thus clearly showing the position and size of the SAR-
image.

• Selective combination of images from separate chan-
nels of the satellite image to facilitate separation of
clouds from the image.

Coordinate-based functions:

• Continuous display of latitude and longitude of cur-
sor.

• Display of present position of ship. The prerequi-
site for this is that the computer is connected to the
ship's navigation equipment giving on-line position
information. The connection is implemented using
RS-232/NME A183-protocols.

• Display of distance and direction between two inter-
actively given points.

• Display of other ships according to coordinate data
in files exported from the icebreaker information sys-
tem used by the icebreakers in Finland and Sweden
(IRIS).

Miscellaneous functions:

• UNDO-action possible for most functions making the
workstation easy to use.

• Export of images to other Macintosh applications us-
ing standard PICT-format.

• Interactive sub-image request using a two-way com-
munication link. The user shall be able to request
part of an overview-image for closer examination. The
request is transferred to the land-based image prepa-
ration server, where the required full-resolution subim-
age is prepared and sent to the requesting site. This
feature is still under development.

The software is developed using an object oriented fra-
mework called MacApp. This framework speeds up the
development process by offering an almost working appli-
cation, which is then expanded to include application spe-

Figure 2. Workstation window with SAR image overlaid on
NOAA image.

cific features. The software requires Macintosh operating
system 6.05 or higher.

Figure 2 shows a screen window with a SAR image over-
laid on a NOAA image.

5.2. WORKSTATION HARDWARE

The sofware is designed for a Macintosh-microcomputer
by Apple Computer Inc. All installations so far have 8
Mbytes of RAM and a 40-80 Mbytes hard disc. The disc
capacity combined with compression of the images enables
a storage of over 1000 images with a size of 512 x 512
pixels, which is sufficient even for storing all images from
one winter season (NOAA-images). All installations have
a 19" color monitor. The resolution of the display is 768 x
1024 pixels. The display can show 256 different colors or
shades at one time from a palette of over 16 million col-
ors. The microcomputer architecture supports changing of
the monitor to other sizes and resolutions without changing
the software. Some installations have the computer mount-
ed in a vibration damping cradle, although this seems not
to be necessary. The computer is networked using Eth-
ernet and AppleShare-protocols. The fileservers are ei-
ther VAX/VMS or Novell NetWare-based. In NetWare-
configurations a separate microcomputer handles the com-
munication, but in VAX/VMS-systems the server also han-
dles the communication part. Macintosh operating System
7 has the capability to use virtual memory, which enables
the user to look at more and larger images at the same time.

53. EXPERIENCES WITH THE SYSTEM

The enhanched version of ICE, having the capability to
combine images of different resolution, has been used dur-
ing one winter season ('91 —'92) on two Finnish icebreak-
ers and one Swedish icebreaker. Although the winter has
been very mild, and SAR-images have not been obtained
from areas where the Finnish icebreakers have operated,
the personnel on the icebreakers have shown great interest
in interpreting the SAR-images. This was clearly demon-
strated when the first officer answered a question posed by
a visitor what can be seen from the SAR-image by mak-
ing a correct classification of the image into different kinds
of ice and open water. The experience of the first officer
from operating in the area and being used to interprète



positions. The numbers indicates dates in August,

navigation radar images facilitated interpretation. The da-
ta transmission channel to the icebreakers has limited the
amount of data which is reasonable to send to the icebreak-
ers. A practical upper l imit has been a filesize of about HM)
kbytes. Improvement on the transmission side would en-
able sending of more detailed images. Another approach
xvould be to utilize two-way communication. No experi-
ences of a two-way communication has yet been obtained
because of lack of need for this (Finnish icebreakers were
not operating in the area of ERS-1 coverage). This will cer-
tainly he one of the main functions to develop and try out
during the coming seasons.

6. REAL-TIME USERS

The main real-time users are the icebreaker fleet and
the Ice Service. For the icebreakers the availability of weat-
her-independent images is very important since it allows
them to plan routes where the ice conditions are as fa-
vorable as possible. This will save time and fuel, and the
icebreaker can decide whether its assistance is needed or
not. This requires, however, a short time delay between
the satellite pass and the image availability onboard the ice-
breaker. Three days between consecutive passes, as in the
L7.RS-1 ice phase, is also too long, especially when weather
conditions change rapidly.

The Ice Service can use the SAR images in addition to
the other information available in order to produce more
reliable ice maps. The interpretation of SAR ice images is,
however, s t i l l a topic of research, so a reliable interpreta-
tion can only be achieved after having used the SAR images
for a period of time.

It was also the intention to include both passenger and
merchant ships in the demonstration experiment, but be-
cause of the very mild winter, this could not be performed.

Figure 5. Research vessel Aranda, February 14, 1992. 13
km x 15 km.

Figure 3. Kokkola harbour, March 5, 1992. 15 km x 16 km.

Figure 4. Ship tracks near Kokkola, March 5. 1992. 12 km
x 12km.

As examples of what kind of information SAR images
can provide, Figure 3 shows the lead used by the ships to
and from the harbour of Kokkola on the north-west coast of
Finland, Figure 4 shows ship tracks through the ice from the
same area, and Figure 5 shows the research vessel Aranda
in the ice in the northernmost part of the Baltic Sea. Fig-
ure 6 shows a sequence of three consecutive images from
ten different passes from the northern Baltic. The devel-
opment of the ice cover can be clearly seen, and also the
large changes that can occur during a 3-day period.

7. CONCLUSION

Because of the extremely mild winter the demonstration
campaign during the period January-March 1992 could
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Figure 6. Northern Baltic, three consecutive frames from
ten different orbits.

not he performed to the planned extent. All parts of the
system were, however, tested in a close to operational man-
ner. The images typically reached the icebreakers within
two hours after reception at the BDDN terminal. Although
the coverage will be different during the 35-day orbit, it is
planned to repeat the experiment in the winter 1992—1993.
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ABSTRACT

-

Ice Centre Environment Canada (ICEC) will be
receiving up to 20 ERS-1 SAR images per day
from the SAR Data Processing Facility at
Gatineau, Quebec. This data will be
transmitted in real-time by means of a
dedicated digital link at T1 data rates
(1 .544Mbits/sec) . The data will be
subsequently captured, processed and
displayed by the ice Data Integration and
Analysis System (IDIAS) and integrated with
other data into ice products for marine
clients. This paper provides a summary of
ERS-I SAR data capture, transfer and
processing for sea ice monitoring in Canada.
SAR enhancement and analysis techniques are
discussed. Examples of ERS-1 scenes of the
ice regime off the Canadian East Coast are
shown and related to other data sets.

Keywords: ice, ERS-I, SAR, data analysis

1. BACKGROUND

1.1 Introduction

ERS-1 was successfully launched in July,
1991. The onboard C-band Synthetic Aperture
Radar (SAR) sensor is seen as a excellent
tool for the mapping and monitoring of sea
ice for operational purposes, to complement
present satellite, airborne and in situ data
sources. The Ice Centre Environment Canada
(ICEC), situated in Ottawa, has considerable
experience in the analysis of digital X-band
SLAR and SAR data for sea ice monitoring and
prediction. With the launch of ERS-1, real
time C-band SAR data from space is now
operationally available from the SAR Data
Processing Facility (SARDPF) in Gatineau,
Quebec. In addition to providing a very
useful complimentary data set for ice
monitoring and analysis operations, the
acquisition, processing, and integration of
ERS-1 data is seen as a "proof-of-concept"
for the use of RADARSAT SAR data from the
Canadian satellite to be launched in 1995.

1.2 ICEC Operations

The Ice Branch of Environment Canada's
Atmospheric Environment Service is
responsible for providing information about

ice conditions in Canada's offshore areas,
including the Canadian arctic, East Coast
waters, the Gulf of St. Lawrence and the
river, and the Great Lakes. Principle clients
include the Canadian Coast Guard, commercial
shipping, the offshore oil and gas industry
and fisherman, who all require accurate
information on ice distribution in near-real
time (Ref 1).

The prime source of data for the program has
always been a fleet of dedicated ice
reconnaissance aircraft. Presently, the
Branch employs 2 aircraft platforms. A
government-owned Dash-7 has an on-board CAL-
200 X-band SLAR system and also has
facilities for visual observations. A
Challenger jet, operated by Intera
Technologies, provides X-band SAR data on a
contract basis. Both the SAR and SLAR data
from these systems are delivered to the Ice
Centre in Ottawa in real-time in digital form
by means of an Anik E telemetry link.
Additionally, digital NOAA AVHRR imagery and
SSM/I brightness temperatures processed into
total ice concentrations are received
routinely via digital links. This data is
complemented by ship and shore reports,
observations from helicopters onboard CCG
Icebreakers, in situ measurements, and
dynamic ice model output.

All data, both imagery and graphics, are
geographically overlaid on the dual-screen
Sun3 workstations of the Ice Data and
Analysis System (IDIAS) for analysis,
integration, and product preparation. Up to 7
GigaBytes of on-line image data is available
to the analysts and ice forecasters on the
microVaxII pre-processing systems, connected
to the Sun3 workstations by high-speed DMA
links. 5 of these workstations are utilized
on the operations floor, which maintains a
24hr/day, 7 day/week work cycle (Réf. 2).
Products include ice analysis charts, 48hr
ice prognostic charts, alphanumeric ice
bulletins and forecasts, annotated image
products, various long-range forecasts, and
some specialized forecasts such as St.
Lawrence Seaway freeze-up and break-up
predictions.
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2. RECEPTION OF ERS-1 SAR DATA

2.1 ERS-1 SAR Canadian Ground Segment

Two ERS-I SAR Receiving Stations are
available in Canada. The Gatineau, Quebec
station provides coverage of Canadian East
Coast waters and a portion of the
southeastern Arctic. The Prince Albert,
Saskatchewan station mask provides coverage
of most of the Canadian Arctic. The sole
Canadian SAR Processor is co-located with the
station at Gatineau; thus real-time SAR data
is only available from within the Gatineau
mask. The SAR processor at Gatineau runs at
1/50th real time. Additionally, the U.S.
operates a Receiving Station and a Processor
at Fairbanks, Alaska. Some of their quick-
look data (24Om resolution; 100mx100m pixel
dimension) is being relayed to the Joint
Navy-NOAA Ice Centre in Suitland, Maryland
and will be available to ICEC, Ottawa via a
56kb link soon to be completed.

2.2 SARDPF-ICEC Data Link

A separate output from the SARDPF provides
SAR products in swath format to a microVaxII
host acting as an Image Transfer Network
(ITN) Transmitter. Data products are
transmitted to customers across this network
via Megaroute at T1 data rates
(1.544Mbits/sec). This data is available 4-6
hours after satellite pass. At present, the
sole customer for this data is the Ice Centre
Environment Canada. ICEC has had to build a
custom Image Transfer Network Receiver (ITNR)
board designed to work in concert with a
multiplexer and an interface card within a
microVaxII host to capture the data in ITN
protocol format and pass it to IDIAS image
discs. In addition, IDIAS software had to be
modified to accept, georegister, display and
analyze ERS-I data.
All this work has been completed. However,
the fibre optics links to Megaroute service
will not be available from the commercial
carrier unt^l late April, 1992. Conseguently,
the ITNR ii.icroVaxII has been moved up to
Gatineau and has been linked to the SARDPF
ITNT by means of a mod^m-to-modern connection.
Resulting 8-bit swath format data will be
written to Exabyte tape and moved by taxi to
the Ice Centre to be ingested by IDIAS.

3. ERS-1 DATA PROCESSING

The data available on the ITN to ICEC is the
8-bit SAR Georeferenced Coarse-Resolution
Product (SGC). The data has 2000 pixels
across by a variable number of lines. Thus,
the pixel spacing is SOmxSOm. The spatial
resolution is nominal 10Om azimuth by 10Om
ground range. This product is produced by a
4x4 averaging of the ^ine resolution product
(SGF) and thus the number of effective looks
is 96. The data has not been put in any map
projection but is georeferenced by the
addition of latitude and longitude
information within each line of data. (Réf.
3).

Once this data arrives on IDIAS, it is
geopositioned onto a Lambert Conformai map
background. Data stretches are automatically
performed to enhance the -iynamic range of the
information. The data is then available for

display on IDIAS workstations by ICEC ice
analysts and forecasters. Other image and
graphic data sets can also be displayed and
geographically overlaid to assist the analyst
in integrating the ERS-I data into the
routine ice products prepared daily for
marine activities. Figure 1. shows a swath of
ERS-I SAR data for January 15, 1992 from Peel
Sound, N.W.T. displayed on a Lambert
Conformai Projection map background on an
IDIAS workstation.

Figure 1. ERS-1 SAR Jan 15,1991, Peel Sound,
N.W.T.

4. EARLY RESULTS

4.1 Data Acquisition

As of writing, ERS-1 data is not yet being
routinely received, analyzed on IDIAS
workstations, and integrated into ICEC
products. This will occur in late April,
1992. However, a few scenes have been
obtained from the Canadian Centre for Remote
Sensing. These are 16-bit SAR Georeferenced
Fine Resolution (SGC) products with a pixel
spacing of 12.5m x 12.5m. IDIAS is not able
to process these products, so they were
unpacked and compressed to 8-bit at CCRS. The
8000 by 8000 scenes were resampled 8:1 for
display on IDIAS.

4.2 ERS-1/Challenger SAR Coincident Data Sets

Although experienced in the analysis of X-
band image radar data, ICEC will soon be
utilizing C-band SAR available from ERS-1
and, in the future, Radarsat. Coincident data
sets were obtained from CCRS in order to
start assessing the potential of C-band radar
data for ice interpretation and analysis.
Figure 2 is an ERS-1 C-band SAR image from
January 21, 1992 in Admiralty Inlet, N.W.T.
Figure 3 is an X-band image from January 20,
1992 obtained from the STAR-2 system on-board
the Challenger jet. At this time of year,
there is no ice movement in the Admiralty
Inlet.

'*
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Figure 2. ERS-1 SAR, Jan 21,1992, Admiralty Figure 3. STAR-2 SAR, Jan 20,1992, Admiralty
Inlet Inlet

1

The entire scene on both images shows
consolidated thick First Year ice in
Admiralty Inlet with a thickness of greater
than 120cms. In the northern half of the
inlet, higher returns indicate rougher ice
with bright multiyear floes readily apparent,
An east-west shear zone is evident at the
entrance as a result of differing
consolidation dates.
The images are quite similar, but the ERS-I
scene does not show as much structural detail
in the ice as the STAR-2 image. Some of the
differences can be attributed to the
processing required to transform the SGF ERS-
1 product into a form compatible with IDIAS.
In particular, the 8:1 resampling required to
reduce the image size for display has overly
smoothed ice detail available in the image.
With this in mind, it is felt that the SGC
product, when available on the ITN, will be
fully adequate for ice monitoring and
analysis purposes.

graphical and alphanumeric ice products for
marine clients on a daily basis. In addition,
SAR image products will be produced and
transmitted to CCG icebreakers by means of G3
facsimile via Inmarsat. It is hoped that this
demonstration project can be undertaken with
an icebreaker in East Coast waters before the
end of this winter season. Finally, a series
of coincident ERS-I and STAR-2 SAR data
images will be collected. These will be used
to compare C-band and X-band backscatter
returns for ice classification and analysis,
and to build up training sets for analysts
and ice forecasters.

Thus, ERS-1 SAR data will be used for its
immediate value as complementary data for
operational ice analysis, and to gain
experience in the processing of C-band SAR
data from space as a proof of concept for the
utilization of Radarsat data by 1995.

5. ERS-1 INTEGRATION INTO ICE
OPERATIONS

Once the IT̂ ^ is installed and fully tested,
it is anticipate that up to BOMByts of data
per day will be transmitted to the Ice
Centre. This will vary from season to season.
Large amour,' s of data will be available at
the height ot' the winter ice season. However,
during the summer Arctic shipping season, the
Gatineau station mask will not provide the
coverage required. At that time, a few data
tapes may be shipped from the Prince Albert
station to Gatineau for processing and
subsequent transmission across the ITN to
ICEC.

All ERS-1 SAR data, as long at it is received
within 24 hours of the satellite pass, will
be integrated with other data to produce
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A. THE QUALITY AND CHARACTERISTICS OF THE RADAR BACKSCATTER MEASUREMENTS

Ad Stoffelen1, and David L.T. Anderson2
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ABSTRACT

Calibration and validation activities for the ERS-I scatterometer have
been carried out at ECMWF, complementary to the "Haltenbanken"
field campaign. At a Numerical Weather Prediction (NWP) centre a
wealth of verifying data is available both in lime and space. By using
the data and resources available al a NWP centre, it is possible to
contribute extensively to a satellite instrument calibration and
validation exercise. We estimated noise, and characterised the
scatterometer measurements in relation to wind speed and directiun.
The antennae configuration of the ERS-I scatterometer proved to be
crucial for this work. It is shown that a solution plane is well-defined
in 3D measurement space and measurement noise is low. ESA's
transfer model CMOD2 has to be extensively reformulated. In a second
paper we discuss how to redefine the wind retrieval procedure given
the instrumental characteristics.

Keywords: ERS-I scatterometer, normalised radar cross section, o°-to-
wind transfer function, wind direction ambiguity removal, surface
winds.

1. INTRODUCTION

At ECMWF there is an ongoing project to help in the calibration and
validation of ERS-I wind scatterometer data, complementary to the
"Haltenbanken" field campaign off the coast of Norway. This paper
reports on our part in instrumental calibration, and characterisation of
the normalised radar cross sections, i.e. o°, as measured by the ERS-I
scatterometer. Also conclusions are drawn on the dependence of o° on
wind speed and direction, and other geophysical parameters. A
companion paper (Réf. 1) deals with the derivation of a d°-to-wind
relationship using a maximum likelihood estimation procedure, and
with the retrieval of a unique wind speed and direction (wind direction
ambiguity removal).

3 antennae
Satellite

flight vector

sub-satellite
track

grid
spacing
25km

500km

Kgure 1; Wind scatt»roneter gcoaerty (from: UK
ERS-I Reference Mutual, Royal Aerospao» Eatablish».,
U.K.)

height was found by Long, called CMOD2 (Réf. 2):

where:

(D

(2)

I.I The operational wind retrieval suite
The ERS-I scatterometer has three independent antennae pointing in
a horizontal plane towards a direction of 45,90, and 135 ° with respect
to satellite propagation (see Figure 1). Therefore, a site in the
scatterometer swath is illuminated Ihree times, respectively by the fore,
mid and aft beam. The incidence angle of the radar beam varies from
18 to 47 ° for the mid beam, and 22 to 58 ° for the fore and aft beams.
The swath, approximately 500 km wide, is sampled every 25 km
resulting in 19 measurement cells across the swath; along the swath the
sampling distance equals also 25 km. The spatial resolution of the
instrument on the earth's surface is approximately 50 km. The C-band
radar frequency used is 5.3 GHz and its polarisation is vertical.

From pre-launch field campaigns an empirical relationship between o°,
and wind speed V and direction Q for neutral stratification at 10 m

and:

(3)

The coefficients a, y, b,1, b,2, O2
1, and O2

2 are specified by a tuning
coefficient times a Legendre polynomial of order 0,1, and 2 in x=(6 -
25 °)/40 °, with 6 the radar beam incidence angle, e.g. a = a, + Oj.x

+ Oj.(3x2 - iy2 . The resulting 18 tuning coefficients were determined
from pre-launch field campaigns (Réf. 2). In this paper the first and
largest term in equation (1) will be referred to as "bias term", i.e.
10"V, the smaller harmonic coefficient B1 as "upwind/downwind
amplitude", and B2 as "upwind/crosswind amplitude", although the
latter is strictly 50 % of the average of the differences between upwind
and crosswind, and between downwind and crosswind, divided by the
bias term. The empirical transfer function is sketched in figure 2.

ri"• » & Proceedings of the Central Symposium of the 'Internationa/ Space Year' Conference, Held in Munich, Germeny, 30 March-4 April 1992
(ESA SP-341, July 1992).
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Several research groups have found o° to be a function of other
geophysical parameters rather than neutral 10 m wind speed and
direction (e.g. Réf. 3). Globally available fields on stability. SST, and
wave parameters from the WAM model can be used at ECMWF to
investigate these geophysical effects statistically. Our first aim is,
however, to obtain a as accurate wind retrieval procedure as possible
based on a a°-to-wind relationship only.

Upwind Downwind

30.0

180
wind direction

Figure 2: Relationship between wind direction and
sigma naught for different wind «peed» (from: UK
KRS-I Reference Manual, Royal Aerospace Establishm.»
U.K.)
1.2 Collocation
At ECMWF in-situ and remotely sensed data are used to define as
accurately as possible the geophysical conditions at any site on the
globe at regular time intervals. For each 6 hour period we collocated
the ERS-1 scatterometer measurements both with the ECMWF analysis
and time interpolated guess field information, and with available
conventional observations, and stored the resulting Mies in binary
format. The file containing collocations with the ECMWF
meteorological model includes estimates of the model winds and
simulated o°s, and also relevant boundary layer information such as
sea surface temperature and model 2m temperature. ERS-I data are
collocated with conventional observations including SHIP, DRIBU and
SYNOP from islands (which are less than 100 km2, low-lying, and
away from any continent). The conventional observations are flagged
against our operational guess Held and wind analysis, and against a
selection of high quality conventional stations. These collocation tiles
also contain interpolated pressure, height, temperature and humidity at
all model levels below SSO mb, both at the sites of the conventional
observation and of the scatterometer measurement cells.

1.3 Processing
T.u collocation Hies are used to obtain statistics on the performance
of the ERS-I scatlerometer. Figure 3 illustrates the data processing
involved in the validation. Each process introduces its own noise
characteristics to the product, and therefore interferes with the original
error structure of the radar measurements. Il is preferable to compare
o°s because one avoids uncertainties arising from the wind ambiguity
removal procedure, which has to be used when comparing winds. Also
in o° domain it is possible to compare different beams, and different
incidence angles whereas this is not possible when comparing wind
speeds. For these reasons intercomparison of simulated and measured
O0S is the first priority exercise.

In this paper we will not give details of all the technical problems we
discovered and reported to ESA, but will rather concentrate on
scientifically interesting aspects of our work during the last 6 months.
We will consider the noise characteristics involved in wind retrieval
from the scatterometer and discuss the formulation of CMOD2. To do
so, we first define the error characteristics of our comparison data.

NAUGl

V ,̂

Figure 3t Data processing and validation.

2. ECMWF ANALYSIS WINDS

In order to have a uniform and complete global coverage every 6
hours, and to be able to respond quickly to operational updates in
ESA's wind retrieval suite, we mainly compared the scatterometer data
against o°s derived from the ECMWF analysis. We produce a "white-
list" of SHIP, BUOY and island wind observation stations performing
within the ESA specifications for scatterometer winds in 3 subsequent
months. This list is used in the subsequent (4"1) month to flag high
quality wind measurements. On average this list contains only
approximately 80 observations, which is not sufficient to obtain a
quality assessment for the scatterometer in a short time period over the
full globe.

In order to use the ECMWF analysis winds as verification data set, we
will need a quality assessment of the model surface winds. Figure 4
shows an example of a distribution of departures in the east-west
component of the wind, of "automatic" SHIP observations from the
ECMWF guess field plotted against the average of SHIP and guess
field. In general the bias between conventional observations and guess
field is below 10 % and positive, i.e. the conventional observations are
higher than the guess field. The relative bias tends to increase above
12 m/s, most probably due to too weak extreme winds or phase errors
in strong wind phenomena in the guess field. The standard deviation
is rather constant over the components of the wind. We estimate the
guess field error to be 2.25 m/s in the components irrespective of wind
component amplitude, assuming equal portions of the standard
deviation derived from figure 4 to be in SHT0 observation and guess
field. We found no strong regional difference, but there were some
differences between the different observational systems. These
differences are not easy to explain, and would need further
investigation. Comparing analysis and guess field surface wind, we
were led to believe that they have similar statistical properties.

3. o° BIAS CALCULATIONS

Figures Sa and Sb show the average o° versus incidence angle for
measured <fs (Sa) and for values simulated with CMOD2 from the
ECMWF wind analysis (5b). Figure Sc shows the ratio of the averages
from figures 5a and Sb, which are for ascending tracks only. All plots
are averages over a S day period. To achieve further independence of
particular meteorological conditions we tried to sample wind direction
homogeneously over all wind speeds. That we indeed sample
independent of meteorology can be seen in figure 5b which shows no
difference between the three beams.
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U COMPONENT OF WIND SPCEO <M/S)

Figure 4s 2D distribution of departure* in the
Wëst-ËEist component of the wind of "automatic" SHIP
fro* the ECHWF guess field, plotted versus the
average of SHIP and guess field Vest-East coaponent.
The solid line shows the bias, and the oaahed line
the standard deviation of the departures. The dotted
line is the distribution of average West-East
components and is quantified on the right vertical
axis. Contour levels are logarithmic and 21270
entries are used.

However, figure Sa and as a result also figure 5c show the relative
instrumental beam biases. The relative beam biases were also measured
by ESA over the tropical rain forest, and agree with our estimates to
within 0.1 dB (Réf. S). Absolute calibration devices (transponders) in
the South of spain didn't agree with our bias calculations, and
appeared to have a sampling problem for low incidence angles.

The biases as a function of incidence angle were calculated both for
ascending and descending tracks, showing no significant difference
between them. This result is of importance because die day-night

O
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<
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O

JO 35 40 45 50 55
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temperature variations across the antennae might lead to an erroneous
automatic beam gain correction. Our calculations showed this is not the
case. At a later stage, ESA was able to verify our result over the rain
forest.

The trend as a function of incidence angle in figure Sc results from the
bias term in CMOD2. Moreover ils signature is not parabolic in
incidence angle, although the assumed form in equation (1-3) is
quadratic. Therefore, the bias term needs to be reformulated in order
to make the bias calculated in figure Sc independent of incidence
angle.

b)

x •
:D -
<

Z-
O

c)

20 25 30 35 40 45 50 55 GO
INCIDENCE ANCLE (DEC)

o
ui 5

35 40 45 50 55
INCIDENCE ANGLE (DEC)

5: Average in physical space of measured
and with CMOD2 simulated signa naughts (b)

versus incidence angle for ascending tracks.
Figure 5c shows the difference of 5a and 5b. A
filter is used to obtain a flat analysis wind
direction PDF. The data is global and from 21 SMS
17/10/'91 to 21 GMT 27/10/'91. The solid line
shows the fore, the dashed the mid, and the dotted
line the aft beam. Thin lines show +/- one
standard deviation of the averages.
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Comparing figure Sa with figure Sb one can see that the standard
deviation of the averages (thin lines) is bigger for the measured data
than for our simulated data using the model function CMODZ. This
may suggest that the upwind/crosswind and to a lesser extend the
upwind/downwind amplitude (variability) in CMOD2 are too small.

4. 0° DEPARTURES

The differences between measured and simulated o°s naughts over
extended areas on the globe were frequently in excess of -6 and +6 dB
(the instrumental noise level specific in is 0.2 dB). In light wind
speed areas (below 5 m/s) one might upect errors of this size due to
analysis errors in wind speed and direction, but these errors were also
observed in high wind speed areas. The obvious explanations are
problems with CMOD2 or with the o° noise level.

By interpreting departure maps it became evident that ice or fractional
ice coverage in general gives rise to o°s in the same range as those
measured over sea. To exclude ice areas, we used the ECMWF SST
analysis field and found that on certain days a lower SST threshold of
4.5 0C still allowed ice contaminated areas. For safety we sel the SST
filter threshold to 6 °C.

O
O)
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I= C I

X O 12
O
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O 1

(I 08

O 06

5
= O 0.1

O O?

-90 -4b U 45 90 \K IHO 7?5 ?;0

MODLL WIND I)IRCCIION WRT I3L~AM (DtC)

Figure 6; 2D distribution of sL&ss. saught versus
analysis wind direction, for on analysis wind speed
of 15 to 1? B/S and for an incidence angle of 45.4
degrees. The dotted line shows CMOD2 (upwind is ISO
degrees). The data is global and from 21 GMT 23/9/
'91 to 21 GMT J/10/'91. Contour levels are
logarithmic.

Figure 6 shows the distribution of measured o°s against wind direction
for a particular wind speed range, incidence angle and beam. In
general such plots show a high level of noise, as can be noted even at
relatively high wind speeds. We found U;*: the level of noise for
upwind and downwind directions is in general bigger than for
crosswind. The fact that the error in o° is proportional to o° helps to
explain this behaviour. However, in general it is very difficult to
interpret the noise characteristics seen in figure 6, because these
depend both on !he errors in o°, wind speed and direction, and on the
distribution of o°, wind speed and direction. Further, for a wind speed
of 5 m/s, the estimated standard deviation of error in the ECMWF
wind direction is approximately 45°, i.e. equal to the difference in
direction between upwind and crosswind. Except that noise is difficult
to diagnose from distributions as in figure 6, the above considerations
also imply that trying to estimate the transfer function behaviour by
averaging, or statistically filtering o°s is a very difficult task.

5. INTERNAL QUALITY CHECK; O° MEASUREMENT SPACE

So far, we have indicated two reasons for a high level of noise in the
calculated departures, which we still are not able to separate, i.e. a
misfit of CMOD2 with the real o°-to-wind relationship, and (he noise
level in the measured o°s. To do the separation we need a way to
internally check the o° data.

Each triplet of measurements can in principle be plotted in a 3D space
spanned by an axis system representing the fore, mid, and aft beam
measurement. Given a transfer function as in equation (1-3) one can
show that the triplets should lie close to a cone (solution plane) as in
figure 7 (Réf. 4) for a particular cell position (G) across the swath. To
visualise this cone we could slice through it, with a thickness
comparable to instrumental noise. It is easy to show from equations (1-
3) that if B1=O, the sum of o°fon and O0

1̂ equals a value related to
wind speed but not direction, tints giving some physical interpretation
to this particular cross-section. In reality B1=O is not valid, so the slice
will represent a range of wind speeds, being lowest for downwind, and
highest for upwind. Figure 8 shows a slice of constant o°rore + O0

1̂, for
a wind speed of approximately 9 m/s, and cell position 11 (cells are
counted from the inner swath). Collocation of the points plotted with
ECMWF wind speed and direction, and calculation of the probability
(PDF) of selection of a particular wind speed (bin), gives us a
reference to true wind speed.

Figure 7; Plane of solution in 3D neasureaent
space (Réf. 4).

In general, and as can be noted in figure 8 a solution plane seems to
exist and to be well defined. A formulation as in equation (1-3),
referring o° only to two geophysical parameters (for CMOD2 they are
wind speed and direction) seems sufficient. Subjectively we tried to
estimate noise in o° from slices at different reference wind speeds and
cell positions, from the distribution of measurement points at the
bottom (mid beam) and at the sides (fore and aft beam). We used the
offset from the origin of the 3D space to calculate the proper noise
reference o" values. As shown in figure 9 the level of noise
intrinsically present in o° is of the order of instrumental specification
(~ 5 %). Only for a reference wind speed of 3 m/s does the level of
noise go up to approximately 15 % which is still a very good
performance for such a low wind speed. Of ;ourse for low wind
speeds geophysical effects like viscosity and surface tension will play
a bigger role, and also over a 50 km diameter area wave conditions
will not be very homogeneous. We can conclude from this that the
ERS-I scatterometer is performing very well, and that there is a scope
for improving the o°-to-wind relationship to fit the data as visualised
in figure 8.
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By subjectively estimating the diameter of the cone in both horizontal
and vertical direction we are able to estimate (he upwind/crosswind
amplitude for the fore/aft and mid beam. Using simple vector algebra
and ignoring the upwind/downwind amplitude for the moment we get
the results as shown in figure 10. For low incidence angles the
measurement noise is comparable to the upwind/crosswind amplitude,
inevitably leading to reduced skill in wind direction retrieval. For
higher wind speeds and incidence angles the upwind/crosswind
amplitude saturates at a value of 0.6, dropping a little for the highest
wind speeds and incidence angles. This behaviour cannot be described
with a parabolic 6 dependence and a linear wind speed dependence as
assumed in equation (3) for B1, indicating CMOD2 has to be revised
in this respect

Another point evident from figure 8 is the almost triangular shape of
solution space. This means that higher harmonics rather than only
cos«>) and cos(2$) are involved in equation (1). However, replacing
(I + B1COSv*) -I- B2cos(2t)l by [1 + B1COs(W + B1COsQ^)I" also
allows a fit to the triangular shape.

6. WIND SPEED DEPENDENCE

The slicing method allows us to collocate o°s for an approximately
constant wind speed with analysis wind speeds. Knowing the 3D o°
offset vector for the centre of gravity of the data distribution in slices
at different wind speeds, one can plot for each cell (8) an estimate of
the bias term as a function of wind speed V. Equation (1) suggests a
log(V) dependence. On doing so, we found a non-logarithmic
relationship particularly at low wind speeds. However, given the
uncertainty in model wind speed, and a non-symmetric error
distribution for low wind speeds it is very difficult to draw any firm
conclusion from the above fact.

estimated instrumental noise v signal
for three wind speeds

O)tn

+ v=16.5m/s
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Figure 8» Cross-section through 3D measurement
space for a constant fore plus aft bean sigsm
naught and with a thickness of two times
instrumental noise. Horizontal axis is aft nlnus
fore be*» signa naught, and Tertio»! axis is mid
besji sigsm naught. Data are for cell 17 (counted
across-swath from outside) and fro» 9 GMF 7/11/'91
to 9 GMT 27/11/'91 all over the globe. For this
particular slice we estimated wind speed to be
9 •/•. The dashed curve represents transfer model
CMOD2, the «olid curve the model derived in Réf. 1.

In order to study the wind speed dependence of o° we compared
averages of o°,m and <f& to analysis wind speeds. As can be derived
from equation (1) this average is independent of the upwind/crosswind
amplitude, and is only slightly dependent on the upwind/downwind
amplitude. Figure 11 shows a 2D histogram of wind speeds estimated
from the average of o°(on and O0

1̂ collocated with analysis wind
speeds. From such plots it was found that the distributions as
calculated with a log(V) dependence were not realistic for any value
of a and Y> particularly for the lower wind speeds. Also, the resulting
distributions appeared to be dependent on incidence angle. When we
corrected the log(V) dependence into a log(V + B(6)) dependence we
found that the distributions became more realistic. So far, best results
have been obtained with a positive 6 smaller than 1.5 m/s and linearly
dependent on 9. A stronger correction, like a VV dependence gave
unrealistic distributions for the lower wind speeds.

v . !•
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Figure 11; ZS distribution in lO.log(V), where
horizontally analysis wind speed and vertically
a wind speed as estinated from the fore and aft
beans is used. The • are vertical averages over
the distribution, and the A are horizontal
averages over the distribution. Contour levels
are logarithmic.

7. UPWIND/DOWNWIND AMPLITUDE

Although the slices in o° space can provide considerable information
about the geophysical processes involved in C-band radar
backscattering and about o° measurement characteristics, they fail to
provide us a measure of the upwind/downwind amplitude. Therefore
we tried to estimate this amplitude by a more straightforward method.
We filtered o° data to a uniform wind direction distribution over a
large range of wind speeds. Then we defined an upwind bin for tyl <
90 °, and a downwind bin for 10 - 180 °l < 90 °. The average upwind
value minus the average downwind value divided by the average of
upwind and downwind is then proportional to the upwind/downwind
amplitude. Assuming a cos($) relationship and for the remaining
harmonic terms symmetry around 4> = 90 °, we find the proportionality
constant to be ft/2. Figure 12 shows our estimated upwind/downwind
amplitude, corrected for the standard deviation of error in ECMWF
analysis wind direction as a function of wind speed. This correction
was not very significant because the upwind/downwind amplitude is
small for low wind speeds, and it is only for low wind speeds that the
wind direction standard deviation of error is large. The amplitude is in
general small and negative for low incidence angle, and shows large
wind speed dependence for mid range incidence angles. Again
saturation can be observed for high wind speeds and incidence angles,
which cannot be described by the current CMOD2 formulation, as in
equation (1-3).

8. CONCLUSIONS

At a NWP centre a wealth of data is available to assist not only in the
basic trouble-shooting exercise directly after launch, but also to
determine the noise characteristics arid behaviour of !he ERS-I
scatterometer relative to wind speed and direction. In particular we
found that all major terms in the formulation of CMOD2 have to be
modified. In a second paper we discuss our attempts to improve the
formulation of the o°-to-wind relationship (Réf. 1)

The particular design of the antennae geometry for the ERS-I
scatterometer is crucial to be able to understand its performance. We
were able to characterise o° noise, and the upwind/crosswind amplitude
by talcing cross-sections through 3D measurement space. We found
that two geophysical parameters (in the CMOD2 formulation these are
wind speed and direction) seem sufficient to be able to describe
solution space over a wide range of wave conditions for the waves

relevant to C-band radar back-scattering. In other words, the ocean
topography for these waves gives a well-defined radar signature. For
low wind speeds, o° noise tends to increase, most likely due to more
complicated geophysical processes involving surface tension, viscosity,
and spatial inhomogenities.

For low incidence angles (he measurement noise is comparable to Ihe
upwind/crosswind amplitude, leading to reduced skill in wind direction
retrieval. Both wind speed and direction sensitivity at the highest
incidence angles seem sufficient. Therefore it might be a good
suggestion for future scatterometers to move to a range of incidence
angles, e.g. starting at 25 ° and ending at 65 °.

O)
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Figure 12; Upwind/downwind amplitude versus
incidence angle for different wind speeds V. V Ii
the average of ieatterometer and analysis wind
speed» The 3 beans are shown separately for each
speed.
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ABSTRACT

Calibration and validation activities for the ERS-I scatterometer have
been carried out at ECMWF complementary to the "Haltenbanken"
field campaign. At a Numerical Weather Prediction (NWP) centre a
wealth of verifying data is available both in time and space. This data
is used to redefine the wind retrieval procedure given the instrumental
characteristics. We found that a Maximum Likelihood Estimation
(MLE) procedure to obtain the coefficients of a reformulated o°-to-
wind relationship should use radar measurements in logarithmic rather
than physical space, and use winds as the wind components rather than
wind speed and direction. Doing so, we were able to derive a much
more accurate tnuisfer function than the one currently operated by
ESA. o° measurement space shows no signature of a separation in an
upwind solution cone and a downwind solution cone. As such a
signature was anticipated in ESA's wind direction ambiguity removal
algorithm, reconsideration of the procedure is necessary. Despite the
fact that revisions have to be made in the process of wind retrieval we
show that there is a good potential for scatterometry in meteorology
and climatology.
Keywords: ERS-I scatterometer, normalised radar cross section, o°-to-
wind transfer function, wind direction ambiguity removal, surface
winds.

I. INTRODUCTION

At ECMWF a project is being carried out in support of the calibration
and validation of ERS-I wind scatterometer data, complementary to
the "Haltenbanken" field campaign off the coast of Norway. Our work
is described in two papers. Part A (Réf. 1) describes the assistance we
provided in instrumental calibration, and characterisation of the
normalised radar cross sections, i.e. o°, as measured by the ERS-I
scatterometer. We concluded that 0° noise is low and that 3D o°
measurement space is well defined. We also showed that ESA's pre-
launch o°-to-wind transfer function needs major reformulation. This
paper (Pan B) deals with (i) the derivation of a revised o°-io-wind
relationship using a maximum likelihood estimation procedure, and (ii)
with the retrieval of a unique wind speed and direction (wind direction
ambiguity removal). For a discussion of ESA's present 0°-to-wind
transfer model formulation we refer to part A. A quality assessment of
the wind data used in this paper is also given in part A.

Long provided us with his implementation (Réf. 2) of tha Maximum
Likelihood Estimation (MLE) procedure as described by Britt and
Luecke (Réf. 3), to estimate new coefficients for the transfer function.
The first pan of this paper will discuss the use of this method to derive
a revised transfer function. In the second pan we will discuss problems
involved in wind direction ambiguity removal.

2. ESTIMATION OF THE o°-TO-WIND RELATIONSHfP

2.1 Method
The MLE procedure estimates the most probable o°, wind speed and
direction, and coefficients of an implicitly defined o°-to-wind transfer
function as given for example in equations (1-3) in Réf. 1. Using this
MLE procedure in a straight-forward way we found that the resulting
transfer functions were not significantly better than CMOD2. This
result made a review of the nature of the problem, and its
implementation necessary.

An assumption made in the MLE procedure is that the distributions of
error in o°, wind speed and direction are Gaussian. We have shown in
pan A (Réf. 1, figure 4) that the standard deviation of error in the
components of the wind is approximately 2.25 m/s and constant over
all wind speeds. Considering this figure, we assumed a symmetric error
distribution in the components of the wind. The wind speed standard
deviation is approximately 2.6 m/s. So, the correlation between "true"
wind speed and ECMWF analysis wind speed would Stan to drop
around 8 m/s and approach zero around 2 m/s. Beyond that, the error
distributions for low wind speeds are asymmetric. Therefore, it is clear
that the statistical propenies of the components of the wind are much
closer to the requirements of the MLE procedure, than the statistical
propenies of wind speed and direction.

A second consideration is the consequence of proportional errors for
MLE. The expected value of the standard deviation of error in o° is
proportional to the "true" value of o°. We will show that this type of
variation in standard deviation causes the MLE procedure to fail.

Let us assume we have a 3D measurement space with axis x, y and z,
where the "true" solution is a plane with Z=Z1. Now we make an
infinite num'jer of measurement triplets (Xn, ym, Zn), assuming these
measurements have Gaussian errors with standard deviations O11=O,
oy=o, and o,=e.z,, for x, y, and z. Given the distribution of
measurements p(x,y,z)dxdydz we will to estimate the solution plane
z=zr Assuming we have no a priori knowledge and neglecting constant
terms, we find the solution by minimising:

MtE- (I)

over all measurements. Since we don't know ot we have to estimate
it. The best estimate seems to be E.G.. Now if we minimise:

//f»ILE.p(xyadxdpk.

we find:

(2)

(3)

Proceedings o! the Centra/ Symposium ot the 'international Space Year' Conference. Held in Munich. Germany, 30 March-4 April 1992
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can either originate from "true" values at the top or the bottom, or
even from anywhere on the "true" circle. The distance of the
measurement point to the "true" point would be different in the cases
considered. In MLE however, the likelihood that this particular point
is very close to the "true" circle is infinite in all cases, since the point
lies on the "true" circle.

In our estimation problem we have highly non-linear surfaces, for
instance in the relation of o° to wind speed, and <f to wind direction.
Moreover, if we are unable to estimate the bias term in CMOD2
correctly, we will have problems with the upwind/crosswind and
upwind/downwind term similar to those introduced by the 6 term in
the above problem. The "aliasing" problem will occur for low wind
speeds, where the wind direction standard deviation is close to the
upwind/crosswind angle difference. Finally we note that if the data
selected for the estimation procedure represents an inhomogeneous
distribution of the parameters involved in the estimation, then further
instabilities in the MLE procedure may be introduced.

Figure 1 ; Upwind/erosawind amplitude as found by
estimation using wind speed and direction aa input
( ), using the components of the wind ( ),
apd for transfer model GMOD2.Win4 «peed is 10 m/s.

So, the theoretical solution does not match but in fact exceeds the
"true" solution. In the same way, one can prove that if O1 is estimated
by E.ZJ, a solution below the "true" plane is found.

The above example does not consider any non-linearities in solution
plane, hi our specific case however, the solution plane is highly non-
linear as well, which will probably further degrade the performance of
the estimation procedure involving parameters with proportional errors.
An alternative is to do the estimation with o° in dB's. The
proportionality constant for o° is approximately 5 %. As a
consequence the o° error standard deviation in dB's has an
approximately constant value of 0.2 dB. The drawback of logarithmic
rather than physical space, is that the o° instrumental error standard
deviation is expected to be Gaussian in physical space, whereas in
logarithmic space the standard deviation is expected to be slightly non-
Gaussian and skew. In practise, it depends on the relative non-linearity
in the formulation of the transfer function in physical and hi
logarithmic space, as Io whether it is advantageous to do the estimation
in one space, rather than the other.

A non-linear surface of itself will also lead to errors in MLE. A simple
example illustrates this. Assume we have a 2D measurement space
with axis x and y, and a true solution x,2 + y,2=l. We now make an
infinite number of measurement pairs (x,, y_), which have Gaussian
error standard deviations O1=O and oy=o, and estimate a solution lying
on a circle with r=r,. Assuming no prior knowledge is present, we can
defile our objective function as:

ULE- (4)

Minimising this function over the measurement distribution p(x,y)dxdy,
and assuming o«I gives the solution:

(5)

This error is first order in a.

In a similar way it can be proved that if ve try to fit the above
measurement distribution with a solution like (x. + B)* + y2=^2, then we
will introduce a positive term in equation (S ) increasing the solution
radius r,. One could regard B as a bias misfi; term.

The assumption o«l prevents "aliasing" problems. If o»l then
measurements for example at ( x, y)=< 0,1), i.e. the top of the circle,

2.2 Simulation
Given the above considerations, we re-examined the estimation
procedure to see whether the problem is properly posed. To this end
we studied the behaviour of the MLE procedure using simulated data
for which we know the true solution. Analysis winds were chosen to
be "true" winds, and "true" o°s were simulated from them using
CMOD2. In part A we estimated the noise characteristics of both the
winds and the o°s to be used in the estimation of the transfer function
coefficients. In our simulations we added noise to the "true" winds
with a Gaussian standard deviation of 2.2S m/s in the wind
components. At the time we did the simulations we were not yet able
to accurately estimate the noise level in o°. The noise estimates used
in the simulations vary slightly, but were pessimistic (too high). Since
all the problems considered above are related to the level of noise in
the data, accurate noise estimates are of the utmost importance. Since
we found that the selection of data used in the estimation plays an
important role, we used wind distributions that were also used for
tuning with real data.

In figure 1 we compare the upwind/crosswind amplitude for two
simulation exercises, only different in the sense that we used wind
speed and direction in one case, and wind components in the other
case as input for the MLE procedure. It is evident that estimation in
wind components is to be preferred, as suggested earlier.

70 ?d 78 .57 56 4C 44 4*8 5? 56

e '

Figure S: Upwind/crosswind amplitude found by
estimation using sigma naught in physical «pace as
input ( ). using sigma naught in logarithmic
space (....7), and for the simulation model CMOD2
(___)• Wind apoed 1« 5 »/••

i. I
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Figure 2 shows the upwind/crosswind amplitude for two simulation
cases differing in only one respect: the upper curve is obtained by
MLE in physical space, whereas the lower curve is obtained by MLE
in logarithmic space for o°. Not only does the upwind/crosswind
amplitude show major differences, but the bias term and
upwind/downwind amplitude are also significantly worse when
estimation is made in physical space. Experiments where we varied the
<f error standard deviation to be either Gaussian in physical or
logarithmic space did not show any significant difference in results.

In most experiments we found that the upwind/crosswind amplitude is
very sensitive to slight changes in the bias term. This indicates that in
reality we need a formulation for the bias term which fits the data
accurately. Different but reasonably uniform wind distributions
containing up to 20 000 points, gave slightly different answers after
convergence of the MLE procedure. We found in general no
dependence of the result on initial conditions, and in most cases 25
iterations were sufficient to converge to the solution.
2.3 Data Selection
Since we found that the MLE procedure is not particularly stable, it
appears to be important to select a high quality and statistically well
conditioned input data set. The following filters were tested and
applied:
• Spatial correlation in the data introduces local minima in solution
space, therefore input winds and o°s should be spatially decorrelated.
We created data sets where the spatial separation is at least 300 km
between one selected data point and the next.
« Ice and fractional ice were filtered by a SST filter; if the SST is
below 6 0C no data are extracted.
« We filtered the data to achieve a more uniform wind speed
distribution than the usual Weibull distribution seen in nature.
Although the wind direction PDF over the globe and several days
varies by a factor of two with wind direction with respect to one
particular beam, for all three beams together the variation is less than
10 %. Therefore after performing a limited number of tests wind
direction filtering is currently not used.
# The distribution of incidence angles covered is irregular because the
fore and aft beams have a range of incidence angles only partly
overlapping the mid beam incidence angle range. We used a filter to
achieve a more uniform coverage of incidence angles over all three
beams.
» Because antenna biases were present on the scatterometer we also
made a filter selecting beams in such a way to achieve equal coverage
for all three beams.
» Steadiness: We used a filter selecting only those winds that are
sufficiently steady over a certain time period. We compare for each
selected ERS-I scatterometer site the ECMWF guess field wind vector
difference between the 3 and 6, and the 6 and 9 hour forecast. The
average of both vector differences is normalised by 5 m/s plus the
average of wind speed over the three times considered. The
normalisation is such that this steadiness filter excludes both high and
low winds, if unsteady. At present the selection threshold is set to 0.2.
» We also started experiments with time filters. Normally ERS-I
observations differing up to three hours with the analysis time are
selected. Bringing the time window down to two hours has so far not
shown any impact
• The ECMWF model is believed to be more accurate in the Atlantic
than for instance in the Southern Hemisphere. As described in pan A
(Réf. 1) we did not see any statistical difference for surface wind speed
verifications between those areas. We have not yet experimented with
filtering different regions of the globe.
* If a reasonable transfer model already existed, then one could reject
o° data if the triplet of measurements had too large a distance to the
transfer model solution plane in measurement space. This filter has to
be used carefully since it could severely bias the MLE result towards
the transfer model used for selection. The filter is currently being
investigated and was not used in the results presented here.

A typical cross-section through a selected data sample is shown in
figure 3. The size of this particular sample is approximately 14.000
points, gathered over the globe over a period of 20 days, using the first
6 filters mentioned.

2.4 estimation with real data
In pan A (Réf. 1) the formulation of CMOD2 is given, and it is shown
that all major terms of that transfer function would need revision. Up
to now we have not reached the point where we are satisfied with a
formulation which describes all aspects of the o°-to-wind relationship
as diagnosed in the first paper. However, to show the progress made
we give our preliminary formulation in Appendix A, and below the
results obtained with it so far.

The formulation still contains 18 coefficients. Our experience with
MLE for this problem is that more degrees of freedom lead to
instability. This of course depends on how a formulation potentially
can fit the data. However, because of the non-linearities in the transfer
relationship our feeling is that even a perfectly formulated function
with too many degrees of freedom would show aberrations after
estimation. Therefore the philosophy we adopted to develop a
formulation, is to constrain tiie solution as much as possible using the
diagnostics described in part A (Réf. 1)

0.02

-90 -45 O -Ib 90 135 180 225 270
MODEL WIND DIRECTION WRf BEAM (DEC)

Figure 5; Selected 2D data distribution of sigma
naught versus analysis wind direction, for analysis
wind speeds between 9 and 10 m/s and an incidence
angle of 48.6 degrees. Input data are from 6 GHC
4/11/'91 to 5 OfT 4/11/'91 and all over the globe.

Using the model formulation as in appendix A and having adapted the
MLE software to work in logarithmic space for o°, and in the
components of the wind, we improved significantly on the performance
of CMOD2 as measured by validating against independent ECMWF
analysis data. The standard deviation of the difference of scatterometer
retrieved winds and analysis has decreased by 20 % to approximately
2.1 m/s, and where CMOD2 is biased low by 1.1 m/s the new transfer
mode) only has a bias of -0.2 m/s. Running ESA's wind direction
ambiguity removal scheme CREO we also ind a better performance
for wind direction retrieval. The bias term (that part of the transfer
function independent of wind direction) in the present model is such
that biases as a function of wind speed and incidence angle are
decreased significantly. However the upwind/downwind amplitude is
still linear in wind speed and incidence angle, and so is unable to
describe the saturation behaviour as can be seen in part A figure 11
(Réf. 1). Although in the present formulation the upwind/crosswind
amplitude will describe saturation, it is still unsatisfactory. At high
wind speeds the amplitude drops too fast. Therefore we stress again
that the formulation is still preliminary, and our aim is simply to show
the progress made to date.
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During the "Haltcnbanken" campaign off the coast of Norway high
quality wind data was obtained, using an array of TOBIS buoys, and
several other wind sensors, provided by a number of research groups
mainly in Europe. Offiler (Réf. 6) made an
extensive comparison of several transfer functions over the
"Haltenbanken" campaign data. For this data set CMOD2 has a wind
speed standard deviation of 2.8 m/s, compared to 1.9 m/s for our
model. No significant bias is present in either both model. Using
Offilers Slice algorithm for dealiasing (Réf. 4) the directional standard
deviation is 19.9 ° for both models.

3 WIND DIRECTION AMBIGUITY REMOVAL

Comparing the operational ERS-I scatterometer winds with the
"Halienbanken" campaign data, Offiler finds a standard deviation for
wind direction of 102 °. This number indicates something is wrong in
the operational wind direction ambiguity removal procedure as run by
ESA and named CREO (Réf. S). Running the CREO algorithm at
ECMWF we find quite a number of problems, some of which
problems are related to CMOD2, and not to the ambiguity removal
process itself. However, with the improved o°-to-wind transfer function
intrinsic ambiguity removal problems appear more clearly.

3.1 CREO
CREO perfoims several steps in order to obtain an unambiguous wind
field:
• Its first step is based on minimisation of the following maximum
likelihood estimator (MLE) for varying wind speed and direction:

(7)

where o°ml is the measured value, and o0,, is obtained from the o°-to-
wind transfer (unction for a trial value of the wind vector. The
minimisation is done for each cell and the triplet of measured oOs
(Also o° pairs can be processed). Over the full wind domain this
objective function will have several local minima, with the two most
probable solutions in general approximately 180 ° degrees apart, due
to the small upwind/downwind amplitude in the transfer function.
• In the second step of C1 „ two fields ax constructed across the
full swath and a distance • 3000 km along the swath. The two fields
are supposedly blowing i. i ippositc directions. Information on potential
skill in discrimination v ween upwind and downwind is used in this
step.
» The third step is c,': ;d "autonomous dealiasing", where the CREO
algorithm tries to s .jet one of the two fields on the basis of a
sufficient different «tween them in MLE averaged over all cells.
Optionally this thi1.' step can be circumvented.
• If this is not po- r .ble, step four is to check which field is closest to
a background wi--« field again over an area typically 500 km X 3000
km. If the large ;- ale fit of the closest is not acceptable no solution is
given. The processed areas overlap by one-thirds in order to be able to
check consistency.

3.2 Performance
As shown in section 2.1 a MLE for o° in physical space does not
converge to the desired answer, while estimation of o° in logarithmic
space gives much better answers. Therefore, one might also want to
pose equation (7) in logarithmic space rather than physical space. We
are currently investigating the performance of CREO in logarithmic
space, but do not expect dramatic changes. However, the issue whether
to normalise equation (7) with a noise estimate computed from the
measurement '.' from the solution is no longer important, because
noise is virtually constant in logarithmic o° space as stated earlier.

Figure 4 shows an example of dealiased winds using ine CREO
algorithm at ECMWF with the rf'-lo-wind transfer function as
described at the end of section 2. Above the across-track line as
indicated wind direction solutions are in reasonable agreement with the

ECMWF analysis. Below this line however, CREO wind direction
solutions are 180 ° different. Verification with satellite cloud images
shows there is no reason to believe in a 180 ° shift along this line.
Also in numerous other occasions the same type of across-track
erroneous shift lines are observed. In step 2 of CREO the wind fields
are build up from the outer swath. Only at the two outermost cells, ire
wind direction solution of a cell in a previous across-track row is used
to compute the wind direction solution for the current cell position. For
all other cell positions across the swath only two previous cells in the
same row are consulted in the majority of cases. This explains the type
of error described above. One approach would be to extend the area of
consultation when computing a wind direction solution for a particular
cell over at least two across-swath rows.

Since there will be a certain probability when trying to build up two
parallel but opposite wind fields that from a certain position onwards
the two fields will be the same, one would rather not process large
areas at the same time but areas as small as feasible with large overlap
zones to check performance. Since typical surface wind patterns appear
within 1000 km, the 3000 km along-swath distance used by CREO
might be overdone.

I [ I I I I I I I I I I I I

-/f^wV'f '
ffyr'Mr <'/'.'/ 1I* ' '-» * U ^ f t

Figure 4 ; Wind pattern as obtained from CREO using
the transfer model discussed in section 2.4 (grey)
compared to the ECMWF analysis winds (black). Ths
numbers indicate wind speed from the scatterometer.
The area is centered around 49 S and 136 K, and
time is approximately 12 GHT 6/11/'91.

Equation (7) is equivalent to computing the distance in a 3D o°
measurement space where the axis are normalised by the measurements
error standard deviation. So, interpreting slices through o°
measurement space, as explained in pan A and shown in part A figure
8, will help us in understanding the solutions which are computed in
the first step of CREO. As anticipated before launch the solution plane
in o° measurement space would consist of two cones intersecting along
three lines (Pan A, figure T). One of the cones represents
measurements for when the mid antenna beam is pointing upwind, and
the other cone for when the mid beam is pointing downwind*. So for
this scenario, one would compute a different distance to solution plane
for upwind and downwind. In reality it appears that there is no
signature in o° measurement space of upwind or downwind. Moreover
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the upwind and downwind cone coincide (figure S) and no skill will
be present in "autonomous" ambiguity removal. Running the CREO
algorithm with different o°-to-wind transfer functions, having different
upwind/downwind amplitudes, we indeed found that those areas which
were dealiased autonomously were incorrect in about 30 % of the
cases.

Since CREO relics heavily on autonomous dealiasing its philosophy
has to be changed, and step 4 probably needs revision. It appears
however still to be a good strategy to rely only for larger spatial scales
on the meteorological guess wind field. The knowledge that
autonomous dealiasing is not feasible and meteorological wind
direction information has to be used anyway, is an argument to
develop a full variational wind retrieval scheme (Réf. 7) and with more
confidence head towards an implementation of scatterometer wind
retrieval in variational analysis schemes as developed at ECMWF.

4. THE POTENTIAL OF ERS-I

We believe that the potential impact for ERS-I scatterometer data in
meteorology and climatology is large. The level of noise in the o°
measurements is low, and from slices through o° measurement space
the signature of a well defined solution plane appears.

As verified in figure 4, the ERS-I scauerometer has the potential of
accurately identifying surface meteorological features quantitatively. In
this case, the ECMWF analysis and the scatteromeler data agree as to
the position of this storm. In a separate paper being prepared by
Woiceshyn et al., this same pass picks up a wave-like disturbance not
present in the ECMWF analysis. In this case, the scatteromeler has the
potential of improving (he analysis input for subsequent forecasts.

5. CONCLUSIONS

From the necessity to change the formulation and coefficients of
CMOD2, we implemented a MLE procedure provided by ESA to
experiment with new formulations for a o°-to-wind transfer function.
We found that this procedure needed revision in order to obtain
transfer functions closer to reality than CMOD2. MLE in the
components of the wind rather than wind speed and direction appears
to be more fruitful. Proportional errors are difficult to treat in a MLE
procedure. We found that estimating o°s in logarithmic space rather
than physical space is very beneficial. This might also be the case for
the MLE procedure as used in the first of the CREO wind direction
ambiguity removal procedure, and in the 3D variational data
assimilation procedure at ECMWF for the part set up to assimilate o°s.

The CREO algorithm needs revision. Autonomous dealiasing was
anticipated as being the major skill of the procedure. However o°
measurement space shows no signature at all for an autonomous
discrimination of upwind and downwind solutions. Runs with CREO
at ECMWF indeed indicate no skill in autonomous dealiasing of wind
direction. As found in part A the upwind/downwind amplitude is not
negligible (Réf. 1, figure 11) and reaches up to IS %. The
manifestation of the upwind/downwind amplitude however appears to
be parallel to the solution cone in measurement space, rather than
perpendicular to it as is desirable for a skilful autonomous wind
direction ambiguity removal.

Although quite a few problems have to be addressed in the procedures
to retrieve unambiguous ERS-I scarterometer winds, we believe that
the instrument has great potential. In o° measurement space solution
plane appears to be well-defined, and o° noise is low. We also
uncovered already cases in which the scatteromeler shows small scale
features not captured by the ECMWF analysis. Improved algorithms
will bring a much better definition of the wind over the global ocean.
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APPENDIX A

The preliminary formulation of the o°-to-wind transfer function as
tested before the conference is:

o°-10.8

f 16.log10[ 1 +0.42fljt«nh(Bj)co«(2*)] (6)

V and * are wind speed and direction. The other main dependence is
as before in incidence angle 6. The coefficients o, B, and y are set 10
a tuning coefficient times a Legendre polynomial of order 0,1, and
2, e.g. <*=<x, + O2-X + O3-(Sx2 - l)/2. We corrected a parabolically in
6 for © less than 30 °, and again for 6 less than 20 ° to obtain a bias
independent of 0. B1 is set to a coefficient times a Legendre
polynomial of order O and 1, plus a coefficient times wind speed and
a Legendre polynomial of order O and 1. B2 is set to a coefficient
times wind speed and a Legendre polynomial of order O and 1. B4=[
1 + c, (x + C j ) ( V + c 3 ) ] where C1, C2, and c, are tuning
coefficients. x=(0 - 40 °)/25 ° is used as argument for the Legendre
polynomials.
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1. ABSTRACT

The European ERS-I mission is the first spaceborne
operational SAR after the SEASAT probe some 14 years ago.
Being also referenced as the first step into a high data
volume, complex but user friendly data product ground
infrastructure, ERS-I is a forerunner and testcase for the
polar plattform era.
These ground infrastructures have to serve enhanced user
requirements concerning the accessability and usability of
the image data products. Image data products must be in a
form in order to allow easy data merging if required, i.e. they
must be geocoded to a certain geometric mapping standard.

Fortunatelly, the inherent physics of synthetic aperture radar
imaging and the precise measurement of satellite orbits allow
basic image geolocation without any further external
reference data. This technique is performed at the German
Processing and Archiving Facility (D-PAF) for ERS-I on an
operational basis. Higher level geocoded data, which include
the correction of terrain distortions are also generated. To
produce this kind of data, geocoded reference data sets, such
as Digital Elevation Models, topographic maps and
automatically derived tiepoints must be archived and
accessed. The corresponding data bases and processing
algorithms have been developed in order to serve the
production of terrain corrected products.
The entire geocoding of SAR and treatment of reference data
is performed on UNIX workstations. The sofware is written in
a modular fashion to allow possible extensions and the
geocoding of other spaceborne SAR missions.
Therefore, the D-PAF GEOS for ERS-I is intended to be a
basis for further higher level SAR derived geophysical
products, such as SAR interferometry and operational ice
floe tracking.

Keywords: SAR Geocoding, ERS-I, Terrain Models, Map
References, Geocoded Data Bases

2. INTRODUCTION

The abbreviation "ERS-I" stands for "European Remote
Sensing Satellite"; the first one in a series of earth remote
sensing satellites defined, build, controlled and scheduled by
the European Space Agency (ESA) and its member states.
For this first earth probe, Europe has faced the challenge to

start with high level technology in several domains. The
major instrument, the Synthetic Apertur Radar technique,
though flown on SEASAT and SIR-A/B by US American
missions, was drastically modified to a shorter C-Band, with
more complex techniques and higher data rates. The missing
on-board recording capability has required an international
scheduling of dozens of data receiving stations around the
globe.
These international colaboration and the different European
Processing and Archiving Facilities (PAFs) for ERS-I need
to be harmonized and scheduled in order to guarantee
enhanced products and user services. Although this
harmonization and management is a rather cumbersome
task, future earth environmental satellite data systems are too
complex and the magnitude of products and users are too
large to centralize the entire functionality.
Decentralization of the data ground segment is also
anticipated for the US EOSDIS (Earth Observation System
Data and Infomation System).

One of the basic building blocks for the product generation
and archiving are the Processing and Archiving Facilities
(PAFs). Named in a different way in other future satellite
data systems (e.g. DAAC = Data Archive and Application
Center), these PAFs will guarantee the specialized data
handling and high end product generation as well as the
direct link to the scientific and commercial data user.

Within the ERS ground system, the German PAF, located at
the German Aerospace Research Establishment (DLR) in
Oberpfaffenhofen near Munich, focussed on the imaging
SAR and the solid earth science payload of the satellite.
Throughout this article, we will only refer to the SAR and
espcially to the high-end geophysical products.

The product generation system of the imaging radar is a
sophisticated data handling task from the very beginning.
Due to the physics of SAR, the data rate is extremely high
and the so received data is nothing but a complex hologram
of the imaged spot on the earth.
Only the high skilled signal processing algorithms of SAR
processors are able to unveil targets out of this chaotic signal.
Carefull calibration and validation of these basic products
gurantee a meaningful! physical parameter shown in the
digital image product. Depending on the novelty of such data
and the possibility to retrieve other than pure image

Proceedings ot !he Central Symposium ol the International Space fear' Conference He/rJ in Mumcn Germany, 30 March-4 April 7992
lESA SP-3-tl July 1992)
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information from the radar signal, lower level products are
also supported in this processing chain.

Available from the beginning of the mission, D-PAF is
offering another type of higher level product, beyond the pure
radiometrically calibrated SAR image data. These are
geocoded products, presenting the SAR image frame in a
cartographic reference frame and thus ensuring the
geometric calibration of the data.
The definition of SAR geocoded products and their
applicability is explained in the next chapters. A list of
D-PAF SAR products is given in figure 1.

Therefore, one of the first tasks in satellite image
interpretation and ground truth check is the geocoding of the
data, in order to compare the satellite image pixel values with
the mapped ground entities.
While these synergistic approach is one of the main driving
forces for the "Earth Observation Era" with its multitude of
sensors, and is supported by better hardware and software
(such as Geographic Information Systems) available for end
users, the operational generation of geocoded products as
standard service is evidently the right choice for future data
ground systems.
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Figure 1: Table of ERS-I SAR products

3. GEOCODED SYNTHETIC APERTUR RADAR
PRODUCTS

There are two basic methods to geometrically calibrate
satellite image data.

In "Georeferencing" the satellite image geometry is
maintained. However, for the image frame - or better - for
each single pixel, (he precise location on ground is given.
This enables users to know the position of a pixel but makes it
very difficult to establish geometrical relationships within the
image or any other image. Compared with radiometric
calibration, this would mean different calibration functions
for different pixels, applied by the user.

In "Geocoding" the satellite image is resampled directly to a
map reference frame. Here, the pixel position in the image
has a linear relationship to a selected map projection.
Geometric image measurements and direct comparisons
between other geocoded information is easily possible.

Geocoded information from satellites, but also from other
sources can be compared by simple pixel-to-pixel overlay.

However, going there, still needs to cope with various
definitions and understandings of "geocodtng". One of the
worst is the lack of any worldwide applicable standard
cartographic reference system for geocoding. Map reference
systems vary from country to country and some standards are
only valid for continental small scale mapping or for military
alliances (Réf. 1).
Among other space agencies, ESA has adopted the UTM
(Universal Transversal Mercalor) mapping system for mid to
moderate latitudes and the UPS (Universal Polar
Stereographic) for mapping the poles. The GPS reference
ellipsoid (WGS84) was selected as the horizontal datum for
all geocoded images.

Figure 2 shows a terrain corrected Geocoded ERS-I SAR
image of Germany.

4. THE SAR GEOCODING PRINCIPLES

When dealing with the operational geocoding of spa;eborne
Synthetic Aperture Radar images, one is soon faced with two
counterproductive concerns.

v I-
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Figure 2: Geocoded ERS-I SAR image of Germany

The better one describes SAR geopositioning and geocoding
as a pure parametric process, which needs no external input
such as Ground Control Points, common in conventional
satellite image geocoding (Réf. 2). Thus SAR geocoding can
be fully automated and the throughput can be optimized to
the needs of the users. The concept of this automated
geocod'mg is drafted below.

The worse finding is that the SAR geometry (and radiometry)
is affected by severe geometric displacements introduced by
terrain undulations. As a rule of thumb, an uncorrected
elevation in ERS-I images will give a range displacement
2.35 times the magnitude of the elevations. These effects -
known as foreshortening, layover and shadow - can only be
corrected if the undulations of the terrain are known in
advance. The current concept is to use Digital Elevation
Models stored in large data bases. The generation of
geocoded products, which cope with terrain displacements is
limited to areas were Digital Elevation Models are available.

To start with the good finding, the SAR imaging process is
nearly entirely determined by the measurement of time. The
travel time of the signal from the sensor - at its known
position in space - to 'he target is measured and indicated as
the "slant range" distance. The other time indicates just the
position of the sensor in space. At this position, with each
radar backscattered signal, a variety of frequencies are
received with the SAR. These frequencies represent the
individual velocity differences or "Doppler" shifts,
superimposed to the original carrier frequency due to the
different relative velocities between the moving sensor and
the rotating target. Aim of the SAR processing is to "focus"
these frequencies to a single common frequency by various
filter and correlation techniques. Normaly, the "point of

closest approach", i.e. where no relative Doppler shift occurs
or "zero Doppler", is used for this reference.

Inverting the SAR processing problem to radargrammetry
means to find those point on earth which is "seen" from a
certain point in the satellite orbit under the given range with
no Doppler shift.

Having the formula for the Doppler:

2 - ( p -s ) • ( p -s )

K - I p - s l

and for range:

i-» -»i •*
I p - s l = rs

Plus the estimated location of the target, e.g. an earth
ellipsoid or an Digital Elevation Model the above mentioned
radargrammetric problem can be solved.

Actually, the implementation of the solution starts from a
specific point on earth and tries to find the position in space
which fulfills the above mentioned formulas by a fast
converting iteration algorithm. When the position in space is
known, the corresponding azimuth and range coordinate in
the original SAR image can be retrieved and with it the SAR
image pixel value. Among others, this "object-to-image"
algorithm has advantages while using Digital Elevation
Models as precise earth model, thus enabling to cope with
local SAR geometric distortions. While having a fixed point
on earth (i.e. the Elevation Model) the necessary iteration
process then searches for an appropriate solution in the
polynomial orbit.
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5. THE SAR GEOCODING SYSTEM GEOS

Although the principle Geocoding algorithm seems simple,
complex coordinate transformations, including detailed
knowledge about geodetic and cartographic reference
systems is required.
For the design and implementation of these and basic
enhanced radargrammetric algorithms, ESA has endorsed
DLR to subcontract some European research institues. These
colaboration includes:

- Remote Sensing Laboratories of the University of Zuerich,
Switzerland
- Joaneum Reasearch, DIBAG, Graz, Austria
- Insitute for Photogrammetry and Engineering Surveys,
Hannover, Germany.

To allow the "distributed" coding of different modules at
different sites, a -standard development and HW and SW
environment with clearly structured interfaces was
established. This environment consists of UNIX workstations
(SUN) and a customized data and image processing system
(UPSTAIRS). The image processing and programming
package UPSTAIRS was developed by »he SW company
Klein+Stekl, Stuttgart, in contract with DLR and further
modified to UNIX workstation capabilities and the special
needs of operational Geocoding. The resulting operationable
SAR Geocoding System at D-PAF was named GEOS.

Rather than to integrate the entire Geocoding to a single
major programm, it was broken to identified stand-alone
tasks, handled by the interfaces of the UPSTAIRS
programming system. A special "parameter pool",
developed for UPSTAIRS, allows the exchange of all valid
compute and control parameters in simple ASCII data
structures maintained by simple subroutine calls. Having this
simple I/O interfaces, the seperate tasks - or modules within
UPSTAIRS - were developed independently.

About 25 major modules were developed within this
environment. Details about this modules are given elsewhere
(Réf. 3).

The Network File System (NFS) of nowadays UNIX
workstations even allows to use the resources of several
computers for complex tasks. Having established the
interfaces between the modules, this task sharing is also

possible for GEOS. In fact, the data input from the SAR
processors, the radargrammetric tasks and the data output to
the archive is handled on physically different workstations.

Although, initial attempts were performed to port some of the
time critical tasks to special array processors, the
revolutionary development of computer hardware outdated
such undertakings from the very beginning. In fact, the first
array processor considered (in 1986) was slower (and more
expensive) than the now used SUN SparcStation2.

6. THE GEOCODED DATA BASES

As mentioned earlier, high level precise Geocoding at least
needs the information of the local terrain elevation to cope
with geometric distortions. Furtheron, it is suitable to have
ground reference informai'on, at least for the quality control
and the validation of the data.

As concerned to elevation, GEOS has integrated a Digital
Elevation Model Data Base (DEM-DB) especially designed
and coded for this purpose (Réf. 4). The DEM-DB has the
following features:

1. AH DEM data is stored in geographical coordinates. The
domain extents from -180 degrees to 180 degrees and from
-90 to 90 degrees.

2. The spatial resolution of the DEM data is not fixed over the
whole domain. The resolution in east-west and north-south
direction for one pixel may be different.

3. In order to optimize access, the resolutions of individual
cells are limited to the following values:
1", 2", 3", 4", 5", 6", 10", 12", 15", 20", 30"
V, 2', y, 4', 5', 6', 10', 12', 15', 20', 30'
Ideg.
The spatial resolution has to be constant within a rectangular
area, that extents in east-west and north-south direction. The
size of the rectangular area has to be a multiple of the stores
resolution cells.

4. The height resolution is globally fixed to 16 bit integer,
here presenting meter values. For areas, where the height
does not exceed the range of 25S meters, data reduction to 8
bit is performed. The correct data offset is seperately stored.

5. Only one value can be stored for any point on the globe.
However, it is possible to define up to 99 test and 99
operational data bases, which can hold different data sets of
the same region.

The data base structure, which fulfills these requirements can
be denoted as binary tree structure, where the leaves of the
tree, the nodes, define different resolutions of the data. Each
node either stores a pointer for finer resolution or a pointer to
the final resolution data. For final resolution data, some
spare bytes for ancilliary information of the stored DEM are
available. Using pointers and flags, different resolutions data
can be stored for different areas. The data itself is stored in
large data base files in "data-buckets" of 4KByte (See also
figure 3). The files themselves reside on large capacity
magnetic disks within a "network file system" ba^ed on
UNIX workstations. The DEM-DB pointer structure
organizes these files. Physically, the actual design allows to
address up to 16 Giga-values of data.

. !•
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The application programmer can utilize the DEM-DB by high
level procedure calls, supported by Fortran, C and C++.
As mentioned earlier, ground control is at least neccessary
for the validation of the products. Topographic features are
suitable for this purpose in the absense of artificial targets,
such as corner reflectors or active calibrators.

Therefore, topographic maps in print format are still the
unique source for high resolution, large area covering
cartographic information of land surfaces. Although, pure
digital information was aspired for the quality control of
spacebome geocoded data sets, it was decided to purchase all
topographic maps at about 1:50 000 scale of European ESA
member states and to archive them for reference purposes.
Although the manual archiving of some 8000 paper charts
introduces enough problems, the link between the paper
achived information and the computer based GEOS needed
special interfaces.
For a quality control with maps, fixed on a digitizer tablet,
these digital information about a map consists at least of the
calibration of the digitizer versus the cartographic
coordinates.

To achieve this goal and to store also limited update and
quality information about each map, a Map Library System
(MLS) based on a relational data base management system
(ORACLE) was realized (Réf. 5).

1035

sheets with regular frameing). However, most data was typed
in and edited manually.

7. THE OPERATIONAL PRODUCT GENERATION

The system described so far is flexible to handle most kind of
spaceborne SAR data and opens the possiblibity to alter
nearly all of its parameters in a very convenient way.
Actually, this has enabled D-PAF to offer the geocoding of
Fast Delivery Products (FDP) as a standard service, taken
into consideration only several weeks before the launch of
ERS-I.

For the initialization of a geocoding process, "order-files"
are automatically transfered from the PAF central system via
network to GEOS. These order files can be read by a special
module and start to fill the "parameter pool" (PP) of GEOS.
The PP acts as a common parameter data base shared by all
application modules.
The products from the SAR processor are read by a special
module, supporting different formats and media. Most of the
annotation data in the SAR processor products are also
loaded to the PP.
The first quality checks with the data will be performed while
comparing the processor location annotation of the image
with those derived from the exact radargrammetric
computation by GEOS. Too large residuals will stop the

Figure 4: DEM-DB Data Structure

MLS consists of two basic tables:
A SERIES table, specifying the parameters of specific map
series, and a SHEET table, specifying the parameters of the
single map sheet.
The SERIES table stores parameters such as scale, type,
number of sheets, ellipsoid and projection coded, country of
origin and price of a single sheet.
The SHEET table stores the map ID, the corner coordinates
of the sheet in geographic coordinates and the update
information of the single sheet. The geographical corner
coordinates allow to retrieve all maps for a certain area of the
globe. This feature is extensively used in the interface to
GEOS applications.

The structure of the table and the menue applications of MLS
have been generated using SQL'Forms (of ORACLE)). Data
input was automatized as far as possible (e.g. coordinates for

entire automatic geocoding process with an error message.
Based on the draft location information of the product,
several informations will be retrieved from the attached data
bases in order to ensure proper product generation and
quality.
First the MLS is queried for the available maps in the archive,
which cover the area. A 'nice' by-product is generated by a
tool which automatically names the scene with the name of
the scene center topographic map.
For terrain geocoded products, the DEM-DB is queried,
whether suitable DEM data is available. This information is
not only just a cross-check, but also a valid quality
information, as the DEM quality is later on used to estimate
an overall geometric image quality.

For the GEC production, this image quality takes into
concern the location of the product and the general terrain



1036

1

characteristics derived from a coarse global elevation model.
For GTC products, individual quality measured are
established, based on semi-automatic residual measurement
with topographic maps.

All products are automatically formatted into the
international agreed CEOS format. There the GEOS PP
serves as basic input for the image and product annotation
data.

For all GEOS modules, report and performance information
is generated, which is sampled over network by a special
"Control Display". High level status information is also
forwarded to the central PAF Facility Management System
(FMS).

8. OUTLOOK TO SAR HIGHER LEVEL PRODUCTS

The current operational implementation of GEOS shall be a
baseline for further implementations of product generation of
higher levei geosciemific SAR products. Based on the
existing experience in radargrammetry and handling of
Digital Elevation Models, the following extentions are
anticipated for the near to mid term future:

- SAR mosaics: Supported by the ESA Pi-Projects
RADARMAP of Germany and Radarmap of the Antarctic
Peninsula, modules and applications for interactive and fully
automated mosaiking are under development.
- SAR Shape-from-Shading: As a Co-Investigator to the
Antarctic Radarmapping project, JENOPTIK (Jena) will
implement DEM generation from single SAR into GEOS.
(Réf. 6)
- Perspective Views and animations from remote sensing
(incl. SAR) data have been performed in the ISY Global
Change Video project (Réf. 7)
- SAR Stereometry is under practical investigation and
implementation by the Graz Research Institute
- SAR Imerferometry is currently under investigation and
prototype implementation by a combined effort of several
institutes including the University of Zuerich, the Institute for
Navigation, FNS (Stuttgart) and DLR (Réf. 8).

Even more aspects of data synergism and higer level
combined products can be anticipated while geocoding future

J-ERS-I (if SAR will be recovered) and RADARSAT data
(Réf. 9). Data orders and parameters for GEOS are currently
modified to cope with these future data sets.

A possible concept, how various radargrammetric
evaluations of SAR data can be integrated in operational
systems is given in figure 5.
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1. INTRODUCTION

The SPOT Program is an optical earth
observation satellite system giving permanent
data source for geographic information, land
use, urban planning, agriculture applications.
It is also a tool for local environment issues
studies such as deforestation, coastal zones
evolutions, urban pressions, evaluation of
impacts of civil engineering constructions, etc.

It offers the following main features :

- high resolution 10 and 20 *m ;
- stereo coverage capability offering terrain

modeling capability ;
- high revisit capability.

The service is opened since April 1986 to users
on a commercial non discriminatory basis. The
data are marketed by Spot Image company. The
Program is developped within a
France/Sweden/Belgium Cooperation.

2. GENERAL STATUS OF THE PROGRAM

. Spot 1 has been launched the 22nd February
1986,

. Spot 2 has been Launched the 22nd January
1990,

. Spot 3 is constructed and stored waiting its
launch in Matra Marconi Space Premises ;

. Spot 4 is under construction by Matra Marconi
Space.

Today, Spot 2 is operational. Spot 1 has been
put in "storage" in space beginning 1991 after
having lost its recording capability. Due to the
growing demand of direct data read-out in
certain area of the globe. Spot 1 has been
reactivated since end of March 1992 till the
end of October 1992, in order to cope with the
demand during the good season.

Spot 3 launch is force, sted late 1993 depending
of the health of Spot 2.

Spot 4 should be ready for launch late 1994.
Spot 1, Spot 2, Spot 3 are identical. Spot 4
presents improvements in term of mission and
lifetime of the spacecraft. Thus the imaging
service to users will be provided up to the year
2000 and beyond.

3. SPOT 1, 2 AND 3 DESCRIPTION

The three satellites are on a circular sun
synchronous orbit of mean altitude 822 km,
98,7° inclination, 1OhSO local time at
descending mode.

These characteristics ensure a constant
illumination of the scenes to be viewed and
each earth site is passed over by the satellite
every 26 days.

A programmed off-track lateral accessibility to
areas within a 850 km wide strip across the
subsatellite track is achieved by using pointing
mirrors in front of the instruments. This
insures a given site revisit frequency of a 1 to
4 days in mid latitude zones providing a short
delay acquisition of stereo pairs (thanks to
good weather).

Two identical instruments (HRV) are installed
on board the spacecraft together with two tape
recorders.

The ground resolution is either 20 m in the
following spectral bands :

- 0,5 / 0,59 urn
- 0,61 / 0,68 urn
- 0,79 / 0,89 urn

or - 10 m in 0,51 / 0,73 urn band.

The resolution and spectral characteristics are
chosen by programmation of the instruments.

Each instrument has swath width of 60 km ;
operated jointly and vertically, the global
swath is 117 km, ensuring a complete coverage
of the earth in 26 days.

Proceedings at the Central Symposium of the International Space Year Conference Held in Munich. Germany. 30 March-4 April 1992
IESA SP-341 July '992I
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The excellent geometric accuracy provided by
the solid state CCD detectors gives the
possibility to derive 1/50 000 spatio-maps
with a few meters residual errors.

The stereo capability gives access to the ground
altitude information. Digital terrain models of
10 m or 20 m grid size are then obtainable.

4. SPOT 4 SYSTEM DESCRIPTION

The driving force ideas for the studies of Spot 4
system have been :

- service continuity and increase of
competitiveness

- extension fo the mission with improved
imaging capacity

- longer life time of the spacecraft
- experimental on board passenger capacity
- improvement of the ground segment and

running costs efficiency.

Service continiuty

components such batteries, solar panel, etc.
Allows to design Spot 4 life time to 4 to 5 years
of nominal operations.

This ensures an evident gain on the
expenditures of the renewal of the spacecrafts
in time, thus improving competitivness of the
system.

Ground Segment improvement

Taking advantage of the explosion of computer
technology improvement, the old central ground
segment of Toulouse will be replaced. The goal
is to have better satellite programming and
increased image producing capability together
with a running cost improvement.

An important point to note is that this future
ground segment will be installed during Spot 3
operations and that CNES will hand-jver to Spot
Image Company the management of these
operations (at the exception of the technical
control of the spacecrafts).

The same system parameters are kept : orbit, S. SPOT 4 PASSENGERS
cycle, ground resolution, swath, fields of view.

Spot 4 will embark various passengers for
Spot 4 interfaces with direct receiving stations different missions and experimentations,
are compatible with today Spot 1, 2, 3
interfaces. These are :

Spot 4 imagery is compatible with Spot 1, 2, 3
imagery.

Improved imaging capacity
(HRVIR instrument)

Addition of a new spectral band in medium
infra-red (1,55-1,75 u,m) for improvement of
inventories of renewable resources, cloud/snow
coverage distribution, etc.

Taking advantage of the knowledge acquired
with the previous mission, optimisation of the
reflectance (radiance dynamic range).

Improved life time

The Spot I, 2 and 3 life time has been designed
for 2 to 3 years of nominal operations.

Improvement of the technology and better
knowledge of the behaviour in space of

DORIS (as Spot 2 and 3), satellite
orbitographic and ultra precise positioning
system.

• PASTEC : a set of technological experiments
to improve the knowledge of space
environment effects on components.

• PASTEL : known also as Silex experiment.
This is an experimental high data rate
telecommunication link using optical laser.
By this ways image data will be relayed to
earth from SPOT 4 by Artemis the
experimental telecommunication stellite of
ESA.

• Experimental S-band transponder for TT&C
communications through Artemis acting as a
DRS precursor.

v 1-
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6. VEGETATION INSTRUMENT ON SPOT 4 7.1 HRG - Optical mission

Vegetation- is a low ,resolution (pixel size ;
1,15km), large swath width (2 2000 km)
imaging instrument offering a daily coverage of
the earth in the same spectral bandwith as
Spot 4 high resolution instruments (HRVIR).

This instrument will be an extremely useful
tool for the studies susch as crop forecasting,
deforestation and desertification monitoring,
assessment of abnormal events such as
droughts. It will also give a way to understand
phenomena concerning the atmos-
phere/biosphere interaction and the influence
of which in the general global change study and
International Geosphere Biosphere Program
(IGBP).

On a technical point of view, phase B of the
instrument has been carried out, and Spot 4 has
been designed to embark the instrument.

The decision process is underway, with a
funding participation of EEC to half of the cost,
and association of European countries for the
other half.

France and Sweden have already expressed
their firm interest in this instrument.

This mission shall basically continue and be
compatible with the Spot 1 to 4 service.

In addition it will offer a 5 meters resolution
enabling a 1 : 25 000 mapping and topograhic
application.

The stereoscopic coverage efficiency will also to
be improved by using a fore/aft long track
pointing of the instruments.

7.2 Synthetic Aperture Radar
SAR mission

At present, the SAR mission is seen as a all
weather imaging service complement the optical
mission mainly in zones where optical images
difficult to acquire (intertropical zone). So high
resolution 10-20 m order of magnitude and
agility quick accessibility are required.

The choice of the system parameters (frequency
bands, polarisation) is not yet made, but it will
have to take into account the status of
development of the market impulsed by the
previous missions (ERS, JERS, RADARSAT).

7. SPOT FOLLOW-ON PROGRAM

Beyond Spot 4, CNES has already started the
studies of the future satellites needed to
continue the service.

Market studies show a great interest to move in
the following directions :

- high ground resolution,
- more efficient stereo coverage,
- better accessibility and re-visit capability,
- try to be less hampered by cloud coverage.

The technical answer is to move towards :

- very high optical spatial resolution,
- synthetic Aperture Radar.

Together with continuity of the existing service
provided by Spot 1, 2, 3 and 4.

7.3 International cooperation

Spot 1 to 4 missions has been developped in
cooperation with Sweden and Belgium. A wider
field of cooperation is searched either for the
optical mission and for the SAR mission in
order to enlarge the Spot program foundations
and widen to international audience.

This cooperation has to take into account the
existing system and to keep the operationality
and the commercial basis of the system as a
driving force.





1041

THE SPOT4 SATELLITE AND BEYOND

Michel ARNAUD and Claude FRATTER
CENTRE NATIONAL D'ETUDES SPATIALES 18, avenue Edouard Belin

31055 TOULOUSE, FRANCE

ABSTRACT

After the successful launch of SPOTl and SPOT2
by ARIANE on February 1986 arid January 1990,
the SPOT3 satellite being ready to be launched,
the CNES is manufacturing the SPOT4 satellite
which allows to extend the high resolution
mission through the addition of a new band in the
middle infrared region and to extend the life
duration. This satellite will embark new
passengers mainly a terminal to experiment
optical !ink between a low orbiting satellite
(SPOT) ana H geostationnary satellite.

Beyond SPOT4, to satisfy the user needs to
maintain and to improve the continuity of the
SPOT services, the CNES is studying very high
resolution and along track stereoscopic mission.

!,INTRODUCTION

The SPOTl satellite was successfully launched by
ARIANE on february 22, 1986 ; this satellite is
the first of a série of high resolution imaging
remote sensing satellites : SPOT2 and SPOTS,
identical to SPOTl, SPOT2 has been launched on
January 21, 1990 and SPOT3 is planned to be
launched end 1993.

SPOT2 is fully operationnal and SPOTl -which
has no recording capability after the failures of
the two tape recorders- will be reused mid 1992 in
direct transmission mode in order to help SPOT2
to collect image data.

After this first série of satellites, it has been
decided, the basic mission being to establish a
continuity of the SPOT data and services : to
develop improved satellite named SPOT4. The
design phase (phase A) and the preliminary
industrial phase (phase B) were completed mid
1989. The industrial development and realisation

phases (phases C and D) started at the end of
1989, the goal being to be ready to launch SPOT4
end of 1994/beginning of 1995.

The main objectives of SPOT4 mission are :

- to provide
services,

a continuation of SPOT 1/2/3

- to extend the high resolution mission, through
the addition of a new spectral band in the middle
infrared region and the on board registration of
the 10 m/20 m channels,

- to provide the capability of embarking a new
payload named "Vegetation", a wide ("«"'•* of
view, medium spatial resolution for high
repetitivity observations in the same band than
the high resolution mission plus a band dedicated
to ocean,

- to offer capabilities of embarkment of
passengers,

- to increase life duration and then improve the
cost efficiency of the system,

- to improve the ground segment in order to
better fit the needs.

The receiving strategy of the SPOT family is
based on one year maximum between the loss of
one satellite and the launch of the following, the
goal is to minimize the delay in order to minimize
the services interruption, the data from archiving
being always available.

Beyond SPOT4, the SPOT program is in
preparation. Synthetic aperture radar and optical
instruments are both being studied, the studies
related to SPOTS by improving high ground
resolution and providing stereoscopic mission
along the track will be presented in the last
chapter.

Proceed nos of !he Central Symposium otthe International Space Year' Conference. Held •" Municli Germany 30 Marcn-4 April 1992
(ESA SP-34T, July 1992}
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I

SATELLITE

DESIGN

LAUNCH DATE

SPOT!

22 Feb. 86

SPOT2

identical to
SPOTl

21 Jan. 90

3POT3

identical to
SPOTl

Nominal Oct. 93

SPOT4

improved
ncwband

Ready to be
launched

SPOTS

improved
higher resolution
along track stereo

Nominal end 98

Table 1 - Renewing strategy

2. THE SPOT4 SATELLITE

Some studies have been performed in order to
enhance the HRV instrument of SPOTl, the main
improvements are :

- Additionnai middle infrared band ranging from
1.58 to 1.75 micron. This band is well suited for
agronomy and natural vegetation studies and will
permit estimation of the ground humidity and
improvement of agricultural inventories,
particularly cereals. Hydrography and geology
will also take benefit of this band (discrimination
of snow and clouds and mapping of the snow
mantle, discrimination between various types of
minerals.

- On board co-registration of 10 and 20 meters
channels, the panchromatic band (PA) 0.51 - 0.73
micron SPOTl band operating at 10 meters
resolution has been replaced on SPOT4 by the B2
band (0.61 - 0.68 micron). Many applications of
the 20 meters resolution channel require its
combination with 10 meters channel data. The
adopiicn of same band (B2) for 10 and 20 meters
resolutions has allowed the development of an
instrument where both channels are registered on-
board, which make easy the production of new
products mixing both channels.

- Other minor improvement are :

. better adjustement to the reflectance, the
HRVIR have been designed to reflectance 30 %
lower than for SPOTl after analysis of one year
image data coming world wide,

. nearly supression of the detectors dark
current by improving the processing electronics.

Main characteristics of the HRVIR pavload :

The HRVIR payloads contains two identical
HRVIR instruments. As for SPOT1/2 and 3, the

instrument are pointable in the accross track
direction to provide accessiblity and stereo
coverage capability (up to +/- 27 °, +/- 400 km
on ground).

The HVIRS operate independantly each with the
capability to produce monospectral (M) or
multispectral (XI) images or SPOTl compatible
multispectral data (XS) images whose swath
width is 60 km at the nadir.

In monospectral mode, the HRVIR generates a
multispectral image in four bands (Bl, B2, B3,
MIR) which range from 0.50 - 0.59 micron, 0.61 -
0.68 micron, 0.79 - 0.89 micron, 1.58 - 1.75
microns with a resolution of 20 meters. In the
SPOTl compatible mode (XS), the HRVIR
generates only the three bands Bl, B2 and B3 at
20 meters resolution.

All the data are compressed using Delta Pulse
Code Modulation Technique (8-5-5-8), in SPOTl
compatible mode there is no on board
compression.

Each HRVIR can deliver two 25 megabits/sec
data stream corresponding to the monospectral
(M) and multispectral (XI or XS) modes, only
two of the 4 bit streams available are transmitted
to the ground or recorded on board. The
recording capability has been extended from 22
minutes (SPOT 1/2/3) to 40 minutes (SPOT4).

The transmitted data are ciphered on board in
order to provide the exclusiveness of the data
reception.

The main characteristics of the image quality are
listed table 2.

\v>1
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Radiom«r> Geometrv

Ciround reflectance
resolution

Ground reflectance
dynamic range

Calibration
accuracy

Modulation transfer
luncnon at Nyquist
Irequenc)

/)MIN

/)MAX

absolute

5 10-

O

0 . 5 ( B l )
0.5(821
0.7 ( B 3 >
0.6(MIR)

10% max

band to band 3% max
mulli 10% max
temporal

>0.3

Localization

Length alteration on
image
Sampling regularity

Mulnspeciral

registration
Photogrammelric
restitution
( planimetry/aliimelry )

ISOOrms
4500 max.

lO-'rms
5 10-Jmax.
O.I pixel rms

0.3 pixel max.

IO m rms

Table 2 : Image quality charactristics
Others operational improvements are :

- It will be possible to program each HRVIR
independently regardless of any possible motion
of the other HRVIR mirror, whereas on SPOTl
such motion of one HRV invalidates the
capability to use the other HRV due to image
quality disturbances,

- Three operational gains per spectral band and
per HRVIR will be available ; the mission centre
will use appropriate gain out of the three available
on different segments of a given orbit from
criteria elaborated in advance with a histogram
data base made from nearly cloud free scenes
acquired by the previous satellite (SPOT 1/2/3).
This will permit a better adjustement of the range
to the scene radiometric dynamic.

3. "VEGETATION" ACANDIDATE
PAYLOAD

The SPOT4 satellite is designed to embark the
"Vegetation" payload. The decision to embark
this payload has .not yet been taken and is subject
to international cooperation prospect.

Main characteristics :

The HRVIR provides very detailed images of the
earth surface but the repetivity of observation is
sometimes insufficient for applications in the area
of renewables ressources. The Vegetation
instrument with a wide viewing angle allows
continuous monitoring of evolutive phenomena.
The prority in this optical payload is given to high
repetivity observation with high radiometric
sensitivity in order to be able to detect and to
measure immediatly any variation in ghe ground
reflectance.

Another basic guideline used in the design phase
is "complementarity with HRVIR" : definition of
spectral bands profile and detection technics are
the same as for HRVIR.

The data from Vegetation and HRVIR can be
"added" and "mixed" to provide very efficient
product for application.

The Vegetation radiometer has S spectral bands
designed BO, Bl, B2, B3 and MIR.B1, B2, B3
and MIR are primarily adapted for observations
over land masses, while BO is sized for oceanic
observation.

The Vegetation Missions :

The main mission objectives are :

- World-wide operational monitoring of
evolutions in crops and spontaneous vegetation
for the purposes of agricultural production
forecasts and environmental studies,

- To contribute to the global change
understanding mainly interrelations between
man, climate and atmosphere/geosphere.

A secondary mission, which is nevertheless quite
original, concerns the observation of oceans for
scientific purpose (marine, biology,
sedimentology, etc ...) or for particular
applications (such as fishing).

The operations :

The Vegetation instrument can generate two
channels. The first channel is called "direct" or
"regional" channel and transmits data in real
time with a spatial resolution at nadir of about 1
km. This operating mode is called "Regional
Observation" and provides information from the

V .
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region in which the station (Toulouse or another
ground station)is located. The working zone for
the Regional Observation is subject to the
condition that the sun incidence angle be lower
the 60°.

The second channel is called "recording" or
"wordlwide" channel and transmits data which
have been recorded at 1 or 4 Km (this point is
under study) resolution at nadir. The 4 km
resolution is obtained by agglomerating onboard
4 x 4 neighbouring image elements at 1 km
resolution. The production of recorded data is
called "Worldwide Observation" and can be
obtained only at the main station. The working
zone for the Wordlwide Observation is nominally
located between 60° North and 40° South.

A very high repetitivity of observation is achieved,
taking into account the orbit characteristics, by a
wide field of view of the instrument (+/- 50°)
corresponding to a swath width of 2200 km. With
this configuration, a given point on ground is seen
every day by Vegetation above a latitude of 35°,
and seen 3 days out of 4 at the Equator.

Characteristics of the pavload :

The Vegetation payload is constitued by the
following four main sub-assemblies :

- An imaging instrument device composed of a
radiometer with five objectives (one per spectral
band) and electronic chains for amplification and
10 - bit digital coding. An array of 1728 sensors is
situated at the focal point of each objective.

- An image processing sub-assembly, for the
agglomeration of picture elements, and telemetry
formatting functions.

- An onboard management sub-assembly,
handling dialogue with the platform,
management and survey of equipment, and the
recording function (256 Mbits to 2 Gbits TBD).

- Image telemetry, for X or L band data
transmission.

All these sub-assemblies are incornored in an
indépendant structure secured at four fixing
points next to the HRVIR onto the SPOT
compartment.

The principal characteristics are detailed table 3.

Weight
Volume available
Power
Data rate
Transmission frequency
(LbandisTBC)

Radiometric characteristics

Channel (fl tn)*

160kg
0.7x1 x Im3

200 watts
O.Sto2Mb/s

8.2 GH2

mission

BO
Bl
B2
B3
MIR

0.43-0.47
O.SO-O.S9
0.61-0.69
0.78-0.89
1.58-1.75

chrolophylle
vegetation turbidity

vegetation atm. corrections
vegetation atm. corrections
vegetation atm. corrections

* spectral width at 50 % transmissison

Radiometric sensitivty : NEe Pa 3 x I O"3

Calibration accurancy :
- Relative between band : 3 %
- Temporal (at different times) : 10 %
- Absolute: 10%
Geometric characteristics
Total field of view =+/- 50.5° (2200 km, ground swath)
Instantaneous Held of view : 1.4 x 10-3 rd(1.16 Km)
Registration between chaneels : 0.3 pixel
Localisation : 2.5 Km

Table 3 : Vegetation main characteristics

Improvement of the satellite performances :

Some improvements have bee.; done in the
satellite design in order to improve its
performances and increase its life duration from
two years (SPOT 1 ) to five years.

The increase of life duration will be ensured by an
appropriate choice of elementary components
and by a new thermal design in order to lower the
average operating temperature and hence reduce
the failure rate of the electronic components.

The flexible solar arrays of the solar generator
have been replaced by a soiar array with rigid
panels, a concept both simpler and more reliable,
and the available power end of life has been
extented from 1 100 watts (SPOTl) to 2200 watts.
Moreover the 3 x 24 A.h batteries have been
replaced by 4 x 40 A.h batteries to accomadate to
a higher demand of power and to provide a
reduced depth of discharge,

The mechanical concept has been changed by
adding an "Equipment case" between the
platform and the payload. Such équipement case
is needed to accomodate the new tape recorders
and to provide a mechanical support to the
HRVIRs and Vegetation payloads as well as to a
number of passengers of the SPOT4 platform.

V. \
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The orbit configuration is shown in figure 1 and
the main characteristics are detailed table 4.

Figure 1 : SPOT4 in orbit configuration
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Table 4 : Main characteristics
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Figure 2 : Pastel ground coverage
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The passengers :

The extended capacity of the SPOT4 satellite
allow to embark the following additional
experiments :

- PASTEC (PASsager TEChnologique) which is a
group of experiments for studying orbital
environment,

- DORIS (Doppler Orbitography and
Radiopositionning Integrated by Satellite) which
will be used for precise orbit determination and
localization of ground platform,

- A Radar Transponder which will be used to
calibrate the ground radar of the Guyana Space
Center and to train the operators,

- PASTEL : (PASsager SPOT de
TELEcommunication Laser) : The PASTEL
package is part of an European Space Agency
experimental communication program (see
reference 4) named the Semiconductor
Intersatellite Link Experiment (SILEX). SILEX
forms part of the DRTM program (Data Relay
and Technological Mission). This program
includes the launch of one satellite during the
1995 period, a certain number of payloads being
developped at the same time. The main purpose
of SILEX is to demonstrate the feasibility of
optical communications in interorbital link
(IOL). Data are tranferred at 50 Mb/s from a low-
earth-orbit satellite (SPOT4) to a geostationary
satellite (ARTEMIS), and then relayed to the
ground. This experiment paves the way for the
future orbital relay system.
Using these facilities to transmit the SPOT4
payload data stream will bring about a
fundamental change in the capabilities and
management of the SPOT 4 system. As an
example, figure 2 shows the visibility on Earth
beteween SPOT4 and a geostationary satellite
located at 19° E. As seen in figure 2 the visibility
is restricted mainly by the Earth and the SPOT4's
body which may obscure the optical link.

The operational SPOT services will still use the
tape recorder and ground station network, while
the optical link will be used to extend image
tranmission capabilities in the event of lack of
tape recorder capability or failure.

4. BEYOND SPOT4

As SPOT is an application and commercial
oriented system, the experience of present user
and market forecast are used for defining what
the demand could be in the year 2000. To satisfy a
wide range of needs, and to reach several
segments of the market, the SPOT mission has to
be extended towards two separate and

V t'
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complementary directions : the very high
resolution (VHR) monoscopic mission and thé
along track stereoscopic mission (ST). These
missions may lead to have one 5 meters
panchromtics band to satisfy the VHR and stereo
geometric needs and one extra 10 meters band to
satisfy interpretation needs, stereo nearly zero
default and exhaustivity requirements.

From the VHR and ST mission requirements, the
instrument specifications are detailed table 5.

Spectral bands PA

Spectral range (fl m ) 0.51-0.73

Ground resolution $ m

Swath width 60km

MTF column (Nyquist) >0.20

MTF line (Nyquist) >0.30

Radiometric resolution 8 bits and compres. factor < 3.5

Base/heigh (ST mis.) 0.7 (2 directions of view)

Mode of operation PA or PA+ B3

Table S : VHR/ST instrument requirements

The new requirements should consider the
continuity of the SPOT mission and maximum
use of SPOT4 infrastructre. The continuity of the
SPOT mission is ensured either by keeping
HRVIR instrument on board or by having new
instruments able to provide HRVIR-type data as
well.

Different instrument/system options fulfilling
VHR/ST mission only have been studied, two
options have to be deeply investigated, they use
two telescopes and their difference is due to the
pointing direction of the telescope : fore/aft or
fore nadir.

The symmetrical configuration has two
telescopes pointing IS degrees fore and aft of the
nadir direction. Both telescopes have cross
capability up to +/- 20 degrees independently of
the VHR or stereo mssion. The fore/nadir
configuration has one telescope pointing 30
degrees forward ans one telescope po-nting
towards the nadir. Due to the large along-track
pointing angle of the fore telescope, its cross
track capability is limited to +/- 6 degrees. The
nadir has a cross-track capability of +/- 27

degrees (same as HRVIR).

The cross-track pointing system has to be
controlled separately. Figure 3 and 4 shows the
viewing modes of operation of the fore/aft and
fore/nadir configuration.

Figure 3 : The fore/aft configuration survey
modes

vwy MQh VO
resolution rnodo StMVO IMQO

very hloh ground
résolution mom swrto moot

Figure 4 : The fore/nadir configuration survey
modes

5. CONCLUSION

CNES has undertaken an ambitious earth
observation and data distribution program. This
ambition is confirmed by the very satisfactory
operational results of SPOTl and SPOT2, SPOT3
being ready to be launched, and by the
manufacturing of SPOT4 which will ensure
continuity and improvement of the SPOT services
and products up to the year 2000. Futhermore the



next generation is being studied to cover the
future users needs through very high resolution
and along track stereoscopic produits.
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SPOT 4 IMAGE GROUND SEGMENT
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INTRODUCTION

The SPOT 4 Ground Segment currently
comprises two mission centres (one for each
satellite in orbit), a control centre, two
receiving stations associated with two
processing centres able to receive and process
image data received either directly or via the
onboard recorder, and a commercial
management system. The two image ground
segments (receiving station + processing
centre) are located in Toulouse and Kiruna.
Several countries have a direct receiving
station.

The SPOT ground segment has been operational
since February 1986 and meets the needs of
both SPOT 1 and 2 satellites. It was designed in
the early 80s and most of the equipment used is
no longer manufactured. It could be used for
SPOT 3 but would require major changes if to be
used for SPOT 4. Such alterations would be
both difficult and costly. We have therefore
decided to develop a new ground segment for
SPOT 4 compatible with SPOT 1, 2 and 3 which
is to be put into service as soon as it is
operational.

ENVIRONMENT

This new ground segment is composed of the
following: the programming centre, to replace
the mission centres; the stationkeeping centre,
to replace the control centre; the image ground
segment, part of which (the archive and
preprocessing centre - CAP) will replace the
Space imagery rectification centre (CRIS); and
finally, the commercial management centre
which will replace the current management
system used by SPOT IMAGE.

This renovation has already begun by the
operational implementation of "DALI", the
image catalogue forming pan of the commercial
management system.

These new developments also facilitate the
setting up of operating entities, two of which
will be CNES and SPOT IMAGE. CNES, known as
the "satellite operator", will be responsible for
controlling the satellite, receiving image data
and for image quality. SPOT IMAGE will be
responsible for the satellite's programming,
data processing, catalogue, distribution and
marketing of data.

DEFINITION OF THE IMAGE
GROUND SEGMENT

The purpose of the new image ground segment is
to take into account the peculiarities of the
SPOT 4 satellite, to improve the service and
reduce operating costs.

SPOT 4 peculiarities concern the processing of
the supplementary spectral band corresponding
to the mid-infrared (MIR), management of
commercial data protection and, besides
conventional reception, the reception of image
t e l eme t ry t r a n s m i t t e d by the
telecommunication passenger PASTEL via ESA's
geostationary satellite.

The image ground segment comprises 4 entities:
the image receiving station currently in
operation, the new PASTEL receiving station
which will receive the image telemetry
retransmitted by the geostationary satellite,
the archive and preprocessing centre and
finally, the system image quality unit
responsible for the drawing up and monitoring
of processing parameters.

SPACE IMAGERY RECEIVING STATION
(SRIS)

The current receiving station used for SPOT 1
and 2 will be altered so as to be both
compatible with new system entities and to
improve its operational management.

v . t-
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The main alterations concern :

- The replacement of linear recorders by
cassette recorders.

This new type of recorder will facilitate
operations and will enable all the passes in
one day to be stored on the same medium,
thus considerably reducing the volumes
archived in the tape library.

The automation of management and
communication.

This modification consists of replacing the
console by a computer system controlling the
telecommands sent to the equipment and
their remote monitoring.

This system will record all reception
parameters, will automatically generate the
pass report and handle communications with
the orbitography centre and the
technological database in the stationkeeping
centre.

It will increase operating security and
reducing the workload caused by operations.

PASTEL IMAGE RECEIVING STATION
(SKIP)

This new receiving station will be on the same
site as the previous station.

It will only be used for SPOT 4 as this is the
only satellite in the SPOT family which will fly
the experimental optical communication system
known as PASTEL.

This passenger will enable SPOT 4 to transmit
its image telemetry to the ARTEMIS
geostationary satellite over an optical link,
ARTEMIS then retransmitting it to the SRIP by a
ultra hight frequency link.

This new receiving station will have both
dedicated antenna and receiver. It will be
managed remotely by the same system used for
the SRIS. Telemetry data will be recorded on
cassette recorders identical to those at the SRIS.

ARCHIVE AND PREPROCESSING CENTRE
(CAP)

This new entity is designed to replace the
current CRIS centre. Unlike the latter, it will
only produce system-rectified products.
Higher-level processing will be carried out by
centres further along the processing chain.

The CAP has three main functions, two for the
commercial operator - SPOT IMAGE - and one
for the satellite operator - CNES.

Functions for the commercial operator :

• Inventory

This is a systematic function implemented
as soon as data is received from the SRIS or
SRIP stations. It consists of analysing the
telemetry, identifying the sequences and
image data strips, generating the digital
quick-look which, after cloud cover has
been noted, is stored in the DALI catalogue.
After each inventory, an archive report is
sent to the technological database whose
purpose is to check the coherency between
data programmed and data acquired.

• Preprocessing

This function's role is to produce and check
the products. It is implemented on request
either following an internal order or
following an execution order sent by the
commercial management centre (CGC).

- Function for the satellite operator

This function is designed for system
investigations. Should there be an anomaly
either on board or on the ground, it is used to
closely analyse the telemetry signal and data
extracted from it by the acquisition facilities.
The experience of satellites SPOT 1 and SPOT 2
confirms the necessity of such a function even
if rarely used.

- Product definition

v. I-
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The geographical entities processed may be
either :

• the scene, corresponding to 3000 image
lines in multispectral mode (6000 image
lines in panchromatic or monochromatic
mode) chosen anywhere along the image
data strip,

• the quarter-scene, corresponding to the
floating quarter defined in the raw scene.

- Preprocessing level

The two geographical entities defined above can
be corrected for system faults according to
three levels of preprocessing :

• Level O

This corresponds to the raw pixels in
geographical order accompanied by system
parameters needed for later processing.

• Level IA

Processing on this level includes
radiometric corrections (CCD detector
normalization and deconvolution) and
registration of the MIR band made necessary
by the off-set of the sensor's even and odd
detectors.

• Level IB

This level applies system geometric
corrections to the dal'i already processed on
level IA. The geometric modelling of level
IB is calculated on <he basis of the image
data strip and not the scene as is currently
the case in the CRIS. This new modelling
method has the advantage of enabling the
joining of two consecutive scenes.

- Type of products

This processing centre must make products
from data received from SPOT 1, 2, 3 or 4
satellites.

• Products with a resolution of 10 m

Panchromatic data (P) SPOT 1, 2, 3

Monochromatic data (M) SPOT 4
High-resolution multispectral data (M+Xi)
SPOT 4 (Xi means 4 spectral bands: Xl, X2,
X3 and MIR)

These products can be oversampled every
7.5 m.

• Products with a resolution of 20 m

Mutispeclral data (XS) SPOT 1. 2. 3 or 4 (Xs
means 3 spectral bands: Xl, X2 and X3)
Multispectral data (Xi) SPOT 4

These products can be oversampled every
15 m.

• Media

Products will be distributed in digital form
on a CCT with 6250 or 1600 bpi in SPOT
IMAGE format and on a CD-ROM for up to 10
scenes; the logic format of the CD-ROM is
the same as that of the CCT.

They will also be distributed on black and
white or colour films. A scale of 1:400000
will be used for a scene and 1:200 000 for a
quarter-scene.

- Production specifications

The CAP is designed to be run by an operating
team of 6 to 7 people. In 8 hours of operation,
it must inventory 1 hour and 30 minutes of
telemetry from the SRIS or SRIP stations and
produce and check 60 level IB digital products
as well as 60 films (60% colour, 40% black and
white).

It must also be able to be developed without
disturbing production. Predicted developments
involve the possibility of inventorying the
telemetry of two orbiting satellites, doubling
the production of digital products and putting
them onto new media (diskettes, hexabytes
etc.).

SYSTEM IMAGE QUALITY UNIT (QIS)

This new entity is designed to cover all the
image quality the management functions

v. K
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currently dispersed throughout CNES and SPOT
IMAGE facilities.

It groups together two main functions: firstly,
the drawing up and monitoring of parameters
needed for preprocessing and secondly, the
follow-up of system image quality.

qualification for SPOT 1, 1 and 3 data. The
technical and operational qualifications for
SPOT 4 will take place once the satellite has
been launched. They will take place at the same
time as production, this being facilitated by the
fact that the CAP has two independent data
acquisition and preprocessing sub-systems.

- Drawing up processing parameters

This function generates the radiometric
processing parameters (relative and absolute
calibration coefficients) and the geometric
processing parameters (viewing directions),
validates them, archives them then sends them
to the commercial management centre. It is the
commercial management centre (SPOT IMAGE)
which distributes them to the stations,
including the CAP, along with their application
date.

In order to draw up radiometric calibration
parameters, the QIS processes the specific data
transmitted by the telemetry (lamp, darkness,
sun images) together with image data from pre-
selected sites. The QIS uses numerous other
images mainly located on homogeneous sites in
order to validate these parameters.

CNES is the prime contractor for the SRIS, which
is subject to the same schedule as the CAP and
QIS.

The operational implementation of these three
entities is planned for mid 1994.

The SKIP will only be used for SPOT 4. The
earliest planned SPOT 4 launch date is in
January 199S. The target date for the SRIP's
operational implementation is the beginning of
April 1995.

Management and recording functions are
common to both receiving stations. The ultra
high frequency part of the SRIP will be the
subject of an industrial consultation towards
the end of 1992.

- Monitoring system image quality

This function continuously monitors all the
radiometric and geometric (planimetric and
altimetric) requirements specified. The QIS is
therefore equipped with all the necessary tools.

If any anomalies are detected either directly by
the QIS or by direct receiving stations via SPOT
IMAGE, the QIS must assess them and, if
necessary, seek and validate new algorithms or
new correction methods which will then be used
by the CAP. SPOT IMAGE will inform the direct
receiving stations of the way in which these
anomalies can be corrected.

PROGRESS, SCHEDULE

The CAP and the QIS are subject to an
industrial contract. The site acceptance at
Toulouse is planned for January 1994. It will
be followed by a technical and operational

v I
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THE SPOT SYSTEM DEVELOPMENT PROGRAM : SPOT AVAL

Véronique MARIETTE

Centra National d'Etudes Spatiales - Paris
Eerth Observation Division

1

The SPOT AVAL Programme was created in 1987 Io spend up the
development of operational usa of Spot data. Il Is conducted in concertation
with CNES. SCOT CONSEIL, and SPOT IMAGE, «nd in partnership with of tha
french community involved in remote sensing.

This Programma concerns thraa main types of activités :

- Promotion cf Spot data at a national and international level ;

- Education, training of users, and transfer of technology ;

- Development of new services and products derived from Spot data.

Up to now, thia programme has allowed :

- to sat up • network of ramoto lensing. usera t trainers, institutionols,
engineering and cervices companies, industrials :

- to develop a, methodological and technical know-how, and to promote the
technology transfer from research level to operational level ;

For the coming year, this Programm WiH be more oriented to :

- the valonsation of products, including technology transfer :

- tha consolidation of know-how with the development of environmental
applications, the use of Spot data within large scale national and international
projects, and the integration of Spot dsta in Geographical Information Systems.

That is why in march 1987 it was decided to start up a Spot
development program, called SPOT Aval.

This program is conducted by CNES in close collaboration with
SPOT IMAGE and SCOT CONSEIL, and in partnership with the
whole French community involved in remote sensing.

2. OBJECTIVES

The main goal of SPOT AVAL is to speed up thr< development
of commercial and operational use of SPOT data.

SPOT AVAL focuses on three main aspects :

- sensitization of SPOT data, both at national and international
levels

- education and training of potential remote sensing users, as
well as transfer of technology

- stimulation of know-how development : new services or
products, large projects, geographical information system

1. CONTEXT

From 1978, when it was decided to start up the SPOT
Program, up to february 22. 1986, when SPOT 1 was
launched, many actions were undertaken for research,
simulation or operational application development :

- to familiarize users with future SPOT data
- to appreciate technical characteristics of products
- to evaluate the contribution of Spot data in main application
areas.

After Spot launching, it appeared that :

- the market was very scattered

1^ implying a need for increased concern and for education
towards decision makers, financiers and users.

- final clients were not using Spot data directly but processed
data, integrating exogeneous data

'-•' implying a need to demonstrate the financial and
technical benefits of using remote sensing data for
decision making.

3. ACTIVITIES

3.1. Sensitization

These actions must allow a large diffusion of information about
the uses of SPOT data. It concerns :

- organization of national and international symposiums

- organization of information sessions for professional sectors
such as urbanists, ...

- cooperation with the institutional sector (Regional authorities,
French Ministries, EEC...) for sensitization actions to
demonstrate the uses of SPOT data within projects specially
in relation with land management and planning.

- publication of promotional documents : SPOT Application
Products (SAP) - SPOT and the Environment, Atlas...

- availability of experts into international organizations, FAO,
EEC, WB, providing remote sensing consultancy.
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3.2. Training and transfer of technology

Training is a necessary condition to develop the use of satellite
data. We can identify 2 levels of training :

• "Initial mining" concerning Secondary Schools, High Schools
and Universities. The objective is to introduce remote sensing
course as a basis of education.

• "Professional training' :

These actions are specially oriented towards decision makers,
managers, users and trainers in France and in some countries
considered to have priority las for 1991, Eastern countries).
Such short training courses could focus on specialized topics
such as GIS, spacemaps, DEM, urban planning... according to
the main needs.

For all these actions, it is imperative to develop pedagogic
supports, or education manuals which provide a synthesis on
specific topics. They would be available for people in charge of
SPOT training, spreading out easily training activities.

These actions could also be an opportunity to improve the
transfer of technology ; a greater importance should be given to
the information about the most recent devaloments in
methodologies and in technical aspects, delivered to French and
foreign private companies willing to develop a real competence
in remote sensing..

3.3. Know how development

Development of a specific know-how meets different types of

- to help remote sensing companies and engineering firms to
integrate remote sensing in their activities to improve
competitivity in a context of international competition.

- to stimulate the development of appropriate image processing
microsystems fining with decentralized needs, and to support
the introduction of Spot data in geographical information
Systems.

- to support the development of new products and services
derived from SPOT data which have a potential market, and a
significant interest.

To reach these objectives, pilot pip:~£t£ are being carried out
with the following public or private companies :

- Institutional organizations such as BRGM or IGN.

- Services companies, specially involved in satellite data
processing and GIS.

- Engineering firms (i.e. civil engineering, water management,
etc...) including remote sensing as a new tool in their activity.

- Research organizations already involved in image processing.

- Final users, such as petroleum companies or land planning
collectivities.

Selection of these pilot projects is based on the following
criteria :

- an economic interest of the products or of services proposed,

- adaptation to SPOT data characteristics;

- real operation,

- joint f undings with operator,

- commitment of the operator for the marketing of the obtained
product.

RESULTS :

In 5 years, 60 pilot projects were achieved with about 25
different French companies in the following fields : agriculture,
forestry, cartography, geology and more recently land planning,
environment and urbanization.

A recent study about tha assessment of the technical and
economical impacts of these pilot projects has been done.

Its conclusions should be taken in consideration for actjal and
future orientations :

- Private remote sensing companies are very dynamic with an
annual growth rate reaching 90 % of the rictivities ; on the
other hand, final users are not .TV mature for the uses of
remote sensing

'—^ A synergy between these two partners could be
positive for each of them.

- A greater importance should be given to initiatives proposed
by the private sector.

- Recurrence of the developed methodology if, not really
obtained : the projects must be larger to develop industrial
products

- Priority to the development of GIS is very important for the
future of remote sensing.

- Large scale presentation of R & D activities, developed
methodologies, and final results rnuf- be done in order to
improve the transfer of technology.

4. PERSPECTIVES

Activities of the SPOT AVAL Program have contributed :

- to set up a network of remote sensing professionals : trainers,
institutional, engineering departments, remote sensing
companies, industry ;

- to develop a methodological and technical know-how, and to
promote the transfer of technology from research to
operation.

For the coming year, this Program will be focused on :

- the valorization o? products, including transfer of technology
(R & D developn ' it) from public research sectors to private
companies,

- the strengthening of a know-how with the development of
environmental application, the use of SPOT data within large
scale national and intemationl project!: These projects would

. help emergence of industrial products for deforestation, land
cover, statistical agriculture fer exemple. In addition,
integration of SPOT data in Geographical Information Systems
is of great importance for the development of remote sensing
: that is why a 6IS plan has been implemented. It concerns :

* I-
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*—> the monitoring of GIS activities integrating remote sensing
data : systems, operational projects, research. These
information are regularly published in a specialized review called
: "SIG et Télédétection".

c~^' the support to the development of standardized products,
fining with a need for final users ir. France and abroad like
Geospot (which is a new SPOT IMAGE product) for example.

1T the achievment of an important preoperational project
concerning land management in a southern Region of France.
This project is based on a regional "data server" integrating
SPOT imagery, land cover, population statistics..., which is in
relation with local users.

tne support to GIS pilot projects.

a consultant activity.

CONCLUSION

This SPOT AVAL Program, through its last and present
activities, is considered as very important to help the
development of SPOT dita uses.

Moreover, beyond its goals, this Program allows to know the
evolution of the remote sensing market ; that is a great
advantage in such a fast-developing sector. Therefore, a better
knowledge of remote sensing market and needs would help
CNES in the definition of specifications for future earth
observation satellites.

1
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ABSTRACT

Directorate-General VI (Agriculture) of the Commis-
sion of the European Communities and the Statistical
Office of the European Communities (SOEC, or
Euroslat) require regular up-to-date information about
changes in acreages and potential yields of major annual
crops throughout the European Community. This paper
examines the operational implications of these
requirements and demonstrates why the key expressions
describing Action 4 are: "speed" "••"'—"" —•' "-'-KI-
set of sample sites".

"volume", and "stable

The aim of the MARS (Monitoring Agriculture by
Remote Sensing) project is to complement and
harmonize European agricultural statistics using a range
of new methods, notably remote sensing. In this paper,
the terms "remote sensing" and "Earth observation"
cover the use of high-resolution satellite-borne
instruments such as SPOT HRV imaging instruments
and Landsat Thematic Mappers, as well as low-
resolution instruments such as the NOAA AyHRR.
Apart from the SPOT. Landsat and NOAA series, no
other civilian spacecraft currently supply remote
sensing data on an operational basis. In response to the
requirements of DG-VI and Eurostat, the MARS project
aims to explore the full potential of these data sets.

!.USER NEEDS

The steering committees that monitor the European
Community's Common Agricultural Policy require (1)
basic agricultural statistics that are as up-to-date as
possible. The value of these data is inversely
proportional to the interval between the observation and
reception by the end-user.

Each CAP steering committee specializes on a
particular crop or group of crops according to a standard
nomenclature. In remote sensing terms, this means that
image data must be (2) discriminated by crop.

The data supplied to the CAP committees include both
crop acreage figures and forecast yields. The
committees reason in terms of (3) year-on-year trends
at the (4) Community level.

Decision-making bodies can only make full use of the
data they receive if they are (S) self-consistent,
reliable, and regular.

2. REMOTE SENSING BASICS

Satellite-based remote sensing is increasingly widely
used for observing and monitoring natural resources
because it offers four key advantages: repeat coverage,
objectivity, accuracy, and (radiometric) information
content.

When remote sensing data are used to generate
agricultural statistics, a number of constraints must,
however, be borne in mind.

First, the imagery relumed by "high-resolution"
instruments is generally not suitable for discriminating
between objects separated by less than 20 or even 30
metres. There can be no question of looking directly at
ears of wheat or cobs of maize. Often, it is difficult
enough to distinguish one small field from its
neighbour.

Secondly, because the observing instruments are carried
by orbiting spacecraft, the times when images can be
acquired are determined primarily by the satellite orbits.
Also, the instruments under discussion here cannot see
through cloud, so imagery can only be acquired when
there is little or no cloud. (This paper does not address
the question of all-weather radar imagery since this is
still only at an experimental stage.) Although the data
gathered are objective, they only correspond to
measured quantities of light reflected by the ground
cover. Thus, image data do not provide all we need to
estimate crop yields.

Given this mix of advantages and constraints, how will
remote sensing data meet the requirements of the CAP
steering committees and the CEC?

The approach adopted by MARS is to use low-
resolution data Io monitor crop health (Action 2), agro-
meteorological models to calibrate the satellite imagery,
and high-resolution data to compile regional crop
inventories (Action 1). Low-resolution data is
unsuitable for compiling crop inventories because most
fields are much smaller than the image pixels.

And what about the feasibility of using high-resolution
satellite imagery for the regular monitoring of crop
acreages? It certainly offers some potential advantages.
DG-VI and Eurostat would receive early estimates of
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crop acreages at intervals throughout the year, complete
with forecasts of the likely yields at EC level. Action 4
has been set up to test such a system.

Higher image definition means more data. Because
high-resolution satellite imagery is so detailed and
accurate, it is impractical to work with or analyse a
complete coverage of an area as vast as the EC. Apart
from the prohibitive cost, the data processing is well
beyond the capabilities of current software. It would
also require an enormous number of analysts.

A single figure gives an idea of the scale of the problem
- one complete coverage of the 12 EC countries
corresponds to 650 (cloud-free) SPOT scenes.
The only practicable solution is to sample the target area
by selecting a number of so-called "sample sites"
suitably distributed across Europe. Unfortunately the
sample sites cannot be chosen solely on the basis of
agricultural considerations. Sites also need to be
suitably located relative to the satellite ground tracks
(and, in the case of SPOT, in such a way as to minimize
acquisition conflicts). Sample sites were selected using
a grid that is a compromise between the ground track
patterns corresponding to the two major satellite
systems (SPOT and Landsat TM).

A further limitation of remote sensing is that the crops
distinguishable in a satellite image do not necessarily
match the conventional nomenclature of agricultural
analysis. Where certain crops cannot be discriminated,
the image interpreter has no option but to assign a mix
of crops to a single class. Since the main aim is to
monitor year-on-year trends, the system of classification
must be rigorously the same each year... even if crops
considered as belonging to a single classification in one
series of images can in fact, for one reason or another.
be distinguished in another.

3. PROJECT ORGANISATION, OR RESOLVING
THE CONTRADICTIONS

3.1 EC level

To monitor EC agriculture the number of sites must be
large enough to be representative of European farmland.
Within the limits of cost, practicability and available
processing resources briefly mentioned above, the
number should be as large as possible. For Action 4, the
CEC Joint Research Centre (JRC) decided to cover 6%
of Europe's utilized agricultural area (UAA) using a set
of S3 sample sites, each measuring 40 km x 40 km, and
covering all 12 EC countries.
3.2 Up-to-date data

To ensure that the data supplied to end-users are up-to-
date. each satellite image must be quickly analysed to
yiald a Crop Status Report. The interval between data
acquisition by the satellite-borne instruments and image
delivery to the contractor responsible for interpretation
(1) must be as short as possible. Then, the specifications
stipulate a maximum interval of five days between
image reception by the interpretation contractor and
delivery, by fax. of the corresponding Crop Status
Report (2).

These deadlines preclude the use of up-to-date ground
data. The only alternative is to have the image-
interpreters analyse the imagery using a combination of
experience and high-performance computer software.

13 Çrflp discrimination

Optimal crop discrimination depends on acquiring
imagery at the most useful times relative to the crop
calendar in each region. This means deciding how many
images must be analysed each crop year and when they
should be acquired. At this stage of (he project,
experience suggests that four images is the maximum
required for most cropping systems.
Image acquisition by the satellite-borne instrument is
determined by the satellite orbit and, in the case of
SPOT, the instrument pointing mechanism. Useful
imagery can only be acquired if the target area is cloud
fiée, or nearly so. Even with two SPOT and one Landsat
spacecraft in orbit, it is not always easy to obtain cloud-
free imagery of a target area during critical periods.
Although the use of two competing image suppliers
improves acquisition efficiency, it makes the
management task more complex. Success hinges on
constant close contact between all parties: SPOT Image,
Eurimage, SCOT Conseil, and JRC.
The three main steps in image processing for crop
discrimination are: (a) image analysis by photo-
interpretation; (b) automatic image classification; and
(c) final classification using all previous classifications
of the same sample site as input. Although, in terms of
crop discrimination, classification generally yields less
accurate results than photo-interpretation, it has the
advantage of covering the entire site. Given that each
sample site covers 1600 sq. km, it would be an
enormous task to examine each field individually by
photo-interpretation. The interpreters thus analyse in
detail a limited number of areas known as "segments",
of about 50 ha each. In parallel with this, the computer
automatically classifies the entire site. The segment
interpretation gives meaning to the computer
classification. The bulk of the interpreter's work
involves the detailed interpretation of segments, the
cornerstone of the methodology.

3.4 Year-on-year trends

To establish year-on-year trends, the latest imagery
must be compared with that acquired the year before.
This means that all images must register pixel-tp-pixel
and be radiometrically calibrated. At this point we
become aware of the importance of the idea of always
using the same sample sites - the idea of a reference.
This concept is central to every aspect of Action 4.

It is no trivial matter to correct images so that they
register, pixel for pixel, with a common reference grid.
This can only be achieved using a digital elevation
model, or DEM. The size of the DEM cells and DEM
accuracy must be compatible with the local topography.
Full geometric correction must be carried out on a
routine basis, preferably without the need for operator
intervention. This calls for particularly high-
performance software.

Given that it is not possible to obtain realtime data on
local atmospheric conditions at the time of image
acquisition, the radiometric corrections assume a
standard atmosphere.
An operational project must accommodate imagery
containing cloud or haze, even when they hide crop
combinations of special interest. Statistical estimates
based on one image, or series of images, must be
directly comparable with those based on other images
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recorded earlier in the same year or a year or more
previous, irrespective of the location and extent of cloud
or haze. Over some parts of Europe, cloud and haze can
be so persistent as to preclude the acquisition of usable
imagery during all periods of interest. Means of
overcoming these difficulties must be found.

Each new image is first corrected both geometrically
and radiometrically. The interpreter's task is to compare
crops in the different segments with those of the
previous years. This implies quick and easy access to a
large image database. The expertise of image
interpreters is focused on the segments they examine in
the form of "imagettes" or small zones each enclosing a
segment. The "history file" of a given site is the set of
all interpreted imageltes and the corresponding ground
data.

3.5 Data that are self-consistent, reliable, and regular

Up to four images of each sample site in each year, for
53 sites, means a total of at least 200 images. MARS is
one of the first civilian remote sensing projects to work
with such large volumes of data. The project is all the
more exceptional in that it involves both large data
volumes and very short processing times.

Scheduling is the most critical aspect of the project. The
tim; allowed between data acquisition by a satellite and
the delivery of results to the end-users includes
preprocessing by the data supplier, data handling and
transport, geometric and radiometric correction,
interpretation, and classification. These requirements
can only be met by organizing production on industrial
lines backed by good management, and by a processing
chain that is powerful, efficient and reliable. All critical
points of the chain must be well designed and managed,
and scaled to handle the peak data throughput
anticipated during the busy season.

A system designed along industrial Unes must guarantee
production. The underlying methodology must be
reliable, sound and proven. The system must also
guarantee interpretation quality, enable statistical
agronomists to analyse data from several sources, and
transmit the bulletins regularly to the end-users.

In part, this is achieved by optimizing every link in the
chain and increased specialization. Image interpreters
must get (o know the sample sites very well indeed so
they can supply refined information to the statistical
agronomists who prepare the Crop Status Bulletins at
European scale. This division of labour also helps avoid
bottlenecks in the system producing fortnightly Crop
Status Bulletin.

The image interpreter supplies the statistical agronomist
not only with statistical land cover data for each sample
site, but also with comments concerning the level of
discrimination achieved, the general health of the crops,
and any problems encountered during processing.

The results are validated at the end of the crop year
when the estimates prepared by interpretation and
computer classification are compared with ground data
gathered by field survey teams. During May and June,
field teams under contract to the JRC visit each sample
site to gather ground data on the same segments
analysed by photo-interpretation. These ground data are
made available to the Action 4 team to compare with
the year's photo-interpretation results.

The knowledge base concerning each sample site is
continually improved and updated. The rules used to
discriminate between the various crops are refined as
the group's expertise in interpretation increases from
year to year.

4. RESULTS

• *n June 1989, Action 4 was at the "Invitation to
Tender" stage. Since then, the programme has gone
through three phases, the last being the current "semi-
operational" phase.

Phase 1 focused on the définition and development of
methods and procedures. It included the analysis of data
from four sample sites, with no time constraints on the
delivery of the information to the end-user.

Phase 2 focused on system development and
improvements to the image processing chain. It
included the analysis of 20 sample sites and the
production of six Crop Status Bulletins. Time
constraints were imposed. Developments in this phase
led to significant improvements in efficiency.

Phase 3 saw a shift to semi-operational production with
strict time constraints and the fax delivery of fortnightly
Crop Status Bulletin? for 30 sites.

• In the course of these thres phases, the four
expressions most strongly associated with Action 4 have
been "speed", "volume" and "stable set of sample
sites".

"Speed" because the requirement for up-to-date data can
only be met by reducing the interval between data
acquisition and bulletin production. "Volume" because
the Europe-wide scale of the project calls for the
analysis of S3 sample sites and some 200 satellite
images during each crop season. "Always the same
sample sites" because year-on-year trends can only be
determined by working with the same sample sites and
segments year after year.

4.1 Up-lo-date data

During 1991, Action 4 participants exchanged some 600
faxes. In all, they purchased more than 180 satellite
images, 60% acquired by SPOT. Four multi-date images
were obtained of each of 32 sample sites, three of each
of 14 sites, and two of 6 sites. One site, in England,
could not be acquired at all. Of the S3 sites, 30 were
analysed on a routine basis. The volume of data flowing
through the system varied considerably as a function of
large-scale weather patterns. During the crop year, the
number of images acquired per fortnight varied from
one to 30. Some 93% of the images acquired were
analysed within the specified period of five days, with
an additional 5 days required from the time of
acquisition to delivery of the image data at the
contractor's premises. The results were published in 13
fortnightly bulletins.

On the basis of our experience with the semi-
operational system, we can confidently slate that it is
indeed feasible to use high-resolution imagery for
agricultural monitoring. Data can be acquired,
processed and analysed, and the corresponding bulletins
communicated to CAP Steering Committees in Brussels
in just ten days. On the other hand, given the current
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state of the ait, we believe that this time cannot be
significantly reduced.

i. 1 f>p discrimination and image interpretation
The conventional nomenclature used by agricultural
statisticians is not always well suited to satellite image
interpretation. For any given site, there is generally a
stage in the growing season when, say, maize cannot be
distinguished from sunflower, or sugarbeets from
potatoes. This is one of the inherent limitations of the
method and of remote sensing: light reflected by the
earth's surface and recorded at an altitude of 800 km
does not always .; allow us to make conventional
distinctions between crops.

A Crop Status Bulletin on a particular crop can only be
compiled if the crop in question can be discriminated at
that time of year and if enough images can be acquired
of enough different sites showing that crop. Experience
gained during 1991 shows that these conditions can be
met for most crops and during most stages of the
growing season.
4.3 Europe-wide trends

Statistical data obtained by analysing sample sites
sometimes reveal dramatic changes in the area sown to
a particular crop. Local conditions may be good for that
crop one year and poor the next. In the MARS project.
the sensitivity to change is accentuated because analyses
are based on year-on-year trends over the limited area
represented by sample sites. We cannot expect to use
Europe-wide Crop Status Bulletin information to
discern trends in a particular region - natural though it
may be to wish to do so.
Our sample is designed to inform us of Europe-wide
developments. Working with just 30 sample sites and a
simple method of extrapolation based on crop acreages
within these sites, our estimates were close to those
obtained using conventional methods. In June 1991,
Action 4 estimated the Europe-wide acreage of winter
wheat at +3% (relative to 1990). In September, this
figure was revised to +4%. In late September, the EC
group of experts estimated the crop acreage at 44.7%.

These figures represent crop acreages. Work conducted
by the scientific community over the last few years
suggests that crop yields can be estimated from high-
resolution satellite data, provided a number of
conditions are met. As a rule, however, the results
obtained under one set of conditions cannot be
translated into forecasts under a different set of
conditions. Yield forecasting is critically dependent en
luck in obtaining either a long series of multidak
images or a smaller number of images at critical ciop
calendar times. Given the conditions under which
Action 4 operates, we are currently able to forecast
yield qualitatively, not quantitatively.

4.4 Validation and refinement of information

The ground data gathered for some 800 segments (425
sq. km) represent 1 part in 200 (or 0,5%) of the area
covered by the sample sites. During the 1991 crop year.
field teams inspected some 25 000 fields. Preliminary
analysis of these results suggests that this volume of
ground data is not sufficient, without the contribution of
remote sensing, to monitor crop acreages at the EC
level. On the other hand, ground data arc essential for
validating image interpretation.

Validation turned up a number of surprises. A
significant percentage of segments showed differences
between ground data and image interpretation results.
Some of these differences were clearly due to
interpretation error. In these cases, the photo-
interpreters' knowledge base is improved by the ground
data. On the other hand, the difficult task of visiting
fields and recording observations can give rise to errors
that are immediately obvious to the photo-interpreter. In
most cases where interpretation and field data were in
disagreement, however, the photo-interpreters were left
with a lingering doubt. In these cases, because the
interpreters cannot be certain of their analysis, we
assume that the ground data were correct.
What are the main reasons for these discrepancies
between ground data and image interpretation results?

Fanning practices détermine the size and shape of
fields. Fields that are too small or too narrow cannot be
discriminated in the imagery. Sometimes, they are even
difficult for field teams to distinguish. In other areas,
farmers sow crops under trees, or combinations of crops
in narrow alternating strips making the task of the image
interpreter impossible. The variations are endless, and in
these cases the work of the field teams is no easier than
that of the photo-interpreters. Field contents can be
especially difficult to classify in hilly terrain.
Interpretation errors are due, for the most part, to the
absence of images at critical times, confusion between
the radiometric response of different crops, and spurious
radiometric response by some crops. Field workers also
make mistakes, and not only by mis-identifying crops.
They may- inadvertently fill in a check-sheet with the
wrong code. They may not even be in the right field - it
is often surprisingly difficult to work out where one is
in an agricultural landscape. Other errors include code
translation and keyboard.

6.OUTLOOK

"We overcome the contradictions of fast processing and
large, data volumes by always working on the same
segments of the same sample sites". This key statement
from the Action 4 documents points to the way ahead.
The only way to monitor change is to focus repeatedly
on a fixed base, namely the segments. The photo-
interpreters1 knowledge -centres on 'he segments, which
are the obvious starting point for building a
computerized knr wledge base.

During f :_se 3 of the MARS project, the methods and
techniques used by the photo-interpreters were subject
to detailed scrutiny. This led to the definition and
modelling of a computerized decision-making aid. This
segment-based system allows the photo-interpreter
automatically to compare the data being analysed with
the most relevant historical data. The aim is not to build
a fully automatic system, but to speed up and simplify
the photo-interpreter's work, largely by offering a range
of choices at each step. In some cases, the choices are
sufficiently limited to enable the photo-interpreter to
predict a crop's emergence several weeks before it
actually takes place. In areas where, say, wheat-and-
sunflowcr is virtually the only rotation system observed,
the sunflower acreage can be predicted as soon as the
wheat acreage has been estimated.
This knowledge-based system is expected to reduce the
operating costs significantly, since the human expertise
and time spent on image interpretation is expensive.
The speed/volume contradiction can be partially

v. \
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resolved by streamlining certain parts of the process.
The most promising technique is automatic Field
boundary extraction and the use of these data during
plot-by-plot image classification. With a system of this
type, the photo-interpreters think in terms of whole
fields, not in terms of pixels, and can more rapidly
integrate what they observe and so appreciate the
quality and self-consistency of the results more rapidly.

We plan to publish Crop Status Bulletins using an
electronic bulletin board, thus further,reducing data
transmission times and introducing the possibility of
continuous updating.

We also strive to reduce the volume of data processed
by reducing the number of images required to identify
the crops on each sample site. Between 1990 and 1991,
the average number of images required per site was
reduced from 7 to 3.5; the maximum acquired for any
site during 1991 was 4. The next step is to define the
minimum number of images necessary for good
interpretation on a site-by-site basis.

MARS products must evolve. We steadily incorporate
improvements, but only after thorough off-line testing
(i.e. elsewhere than on the main processing system) to
avoid compromising system integrity and rationality.
This approach will enable us to prepare for the future
industrialization of the rapid estimation of variations in
crop acreages and yields both at EC level and outside
the EC.
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THE SCIENTIFIC PROGRAM OF THE "PRIRODA" PROJECT

N.Armand1, B.Kutuza1, V.Panchenko2

'institute of Radioengineering & Electronics of Russian Academy of Sciences, Moscow, Russia
O

"Energia" Incorporation, Moscow Region, Russia

ABSTRACT

The international apace project "Priroda"
for the Earth remote sensing is describ-
ed. Experiments on this project are plan-
ned to fulfill in 1993-1995 by special
module which will be jointed to the "Mir"
orbital station. The instrumental complex
of the module includes active and passive
remote sensing instruments for microwave,
infrared and visible domains of electro-
magnetic waves. Most of "Priroda" experi-
ments have research, methodic character,
some of them being of practical interest.
The scientific program consists of the
land, sea surface and atmosphere explora-
tion, and ecological researches.
Keywords: remote sensing, orbital station

1. INTRODUCTION

The "Priroda" project is intended for
further development of the Earth remote
sensing by spaceborne means. In this pro-
ject, an attempt to unite various means
was made - among them optical, infrared,
radiotecbnical ones - for simultaneous
studies of chosen areas of both terrest-
rial surface and atmosphere.

When drawing the goals
following speculations
consideration.

of the project,
were taken into

The up-to-date means of spaceborne Earth
remote sensing demand nowadays to involve
a good deal of operators staff for data
interpretation. And, although data inter-
pretation used to be made by means of
computers, the human role in such a pro-
cess is great indeed. Mostly for this re-
ason, the spaceborne data interpretation
is rather slow process, and it bears dif-
ficulties in observations results inter-
pretation in global scale. So, the speci-
fic contradiction arises between the pro-
blems of spaceborne monitoring, having
usually global character, and the monito-
ring data processing rate, which is con-
fined due to slow human treating these
data.

One of the ways to lift this contradic-
tion is as broad as possible computers
usage not only in data calibration, nor-
malization, geometric conversion etc.,
but also in their interpretation. The
latter means transformation of spaceborne
instruments data, which are mostly repre-
sented as energetic values in different
domains of electromagnetic waves spect-
rum, into geophysical, biométrie etc. pa-
rameters characterizing the terrestrial
cover state-of-the-art.

To exemplify such a transformation, one
may refer to the surface temperature re-
trieval from the spectral brightness co-
efficient in infrared domain; retrieval
of the clouds liquid water content from
their microwave radiation, etc.

The solution of this transformation prob-
lem may be achieved by development of the
so-called inverse problems solving me-
thods. One may separate several ways of
such •> development. First, it is in deve-
loping models of environment interaction
with the electromagnetic radiation and
deriving on this base more accurate equa-
tions linking the radiation properties
with the medium parameters. These models
take into consideration the electromagne-
tic radiation transfer, reflection and
scattering of electromagnetic waves, and
so on.

Herein, one should mention the problem of
developing algorithms and proper mathema-
tical supply for inverse problems solv-
ing, including computers usage in optimal
way.

Of most significance is the measuring te-
chniques development, including designing
spaceborne instruments having good metric
properties. Some improvement of measuring
technology may be achieved by joint pro-
cessing of data being acquired from the
same object of observations, by different
instruments and in various domains of
spectrum. It is well known that such mul-
ti-channel observations enable to exclude
such hampering factors as, for instance,
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waves absorption and scattering in the
atmosphère, and to strengthen reliability
of the remote sensing data interpretati-
on.

The increase of accuracy and reliability
of physical parameters determination may
be achieved also because of their diffe-
rent response to spectral and polarimet-
ric characteristics of the medium own
emission, reflected and backscattered
one.
Finally, the reliability of interpretati-
on may be tested by database composed of
subsatellite measurements enabling to ac-
quire all the necessary in situ informa-
tion.

All these speculations were taken into
account when working out the "Priroda"
project. In this project, it is supposed
to use satellite-based instruments of vi-
sible, infrared and microwave domains,
those instruments having sufficiently
good metric characteristics. The use of
data being acquired by the instruments
described here wi]1 permit to perform se-
ries of multichannel measurement» over
test areas, on which ground truth measu-
rements are ensured. Some of these areas
will be used for the external calibration
of satellite-borne instruments. Certain-
ly, when processing these data methods of
inverse problems solving will be promoted
and proper mathematical support will be
worked out for better thematic interpre-
tation of remote sensing results.

2. THE SATELLITE-BORNE MEASURING COMPLEX

OF THE "PRIRODA" MISSION

The above described tasks caused to pro-
per choice of the "Priroda" complex inst-
rumentation. As it was already stated at
the International Astronautic Federation
congress (Dresden, 1990), to put in prac-
tice the "Priroda" project, a special mo-
dule of "Mir" orbital station will be
used, the up-to-date term for its launch
being planned in the first half of 1993.

The inclination of the station is 51.6J,
that restricting observations of Northern
and Southern zones of the Globe. These
restrictions are too essential for the
Earth surface monitoring. But they are
not so embarrassing for scientific rese-
arches, because it is possible to observe
most of climatic zones of the Earth, inc-
luding sea ice fields, say, in the Sea of
Okhotsk. This circumstance bears a belief
to acquire such a bulk of experimental
data that will permit to develop methods
of space observation data interpretation
for a broad variety of terrestrial co-

The scientific instrumentation for the
"Priroda" project is being designed by
academic and industrial organizations of
Bulgaria, CIS.Germany,Poland,Romania and
Czechoslovakia. The instrumental complex
of "Priroda" is described in Table 1.

It is supposed to include the instruments
of visible, infrared and microwave do-
mains into the satellite-borne instrumen-
tation. The optical sensors are represen-
ted there by "MOZ-Obzor" spectrometer ha-
ving 17 channels for 0.415 - 1.O3 œcm wa-
velengths. This instrument is designed to
evaluate the atmospheric transparency
function and to investigate the solar ra-
diation spectrum when scattered from the
sea surface. Besides, 64-channel infrared
spectrometer "lei 3k" operating in the do-
main of 3.6 - 16 mem wavelength is desig-
ned to evaluate the land surface tempera-
ture and the atmospheric transparency
function in this domain. To measure tracy
gases by limb method, 4-channel spectro-
meter "Ozone-M" ie supposed to use at
0.26 - 1.06 mem wavelengths.

For terrestrial covers spectral studies,
scanners will be used: middle-resolution
one MSU-SK (5 channels at 0.5 - 12.5 mem)
and high-resolution scanner MSU-E (3 cha-
nnels at 0.5 - 0.9 mem).

In accordance with the program of coope-
ration with France, the "Alisa" lidar
will be installed on the same module,
this lidar being planned to use within
another program jointed with "Priroda".

Aboard the module, it is also supposed to
have a variety of microwave radiometers
at 0.6 - 6.O cm wavelengths, being inten-
ded for all-weather measurements of vari-
ous parameters of land areas, sea surface
and atmosphere. This radiometric ensem-
ble, combined in the "Ikar" system, hat!
groups of nadir, scanning and panoramic
radiometers.

The radio measuring complex also contains
two-wavelength (9.2 and 23 CIP) synthetic
aperture radar (SAR) "Travers" of middle
(100 m) resolution and precision radio
altimeter (PRA) "Greben".

The spaceborne measuring complex presen-
ted here enables to solve the above des-
cribed problems in good detail.

3. THE SCIENTIFIC PROGRAM OF THE 11PRIRODA"

PROJECT

This program is composed basing on propo-
sals of different countries - partici-
pants in the project, and also on propo-
sals received from scientists of USA,
Switzerland and Italy.

The program consists of following blocks:

- land surface exploration;

— exploration of the ocean and ocean
land surface system;

- atmospheric researches;

- écologie researches.

* I-
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Table
COMPOSITION AND CHARAOTKRISTICS OF INSTRUMENTAL COMPLEX FDR "PRIRODA" PROJECT

lame of Instru-
ment

Wei-
ght
kg

Po-
wer
Wt

Wave-
leng-
th, cm

Pat-
tern
deg-
ree

Sen-
siti-
vity,
deg.K

Spati-
al re-
solut-
ion, km

Informa-
tion
content
kbit/s

Look-
ing
band,
km

Angle
of
obser-
vation
degree

Made in

I. Microwave radiometric system IKAR
!.Nadir looking radiometers
("IKAR-N")
R-30
R-80 (route)
R- 135 (route)
R-225P (route)
RP-600 (route)

70_
_

-
-
-

130
-
-
-
-
-

2. Scanning radiometer uni
"Delta"
R-30
R-BO
R- 135
R-400

3. RP-225 (pannrai
"IKAR-P")

4. RP-600 (panorai

50
-
-
-
35

lie
20

lie
"IKAR-P") 1 20

5. "Iatok-l"

II
6. "MOZ-OBZOR"

7. MSU-SK

B. MSU-E

100

100
-
-
-
30

40

30

-
0.3
0.8
1.35
2.25
6.0

-
9.0
9.0
9.0
9.0
9.0

, (IKAR-P)
-
0.3
O. B
1.35
4.0

2.25

6.0

-
1.0
1.5
2.0
5

12

12

-
0.15
0.15
0.15
0.10
0.15

-
1.5
0.5
0.4
0.15

0.15

0.15

-
60
60
60
60
60

-
5
B
15
50

75

75
II. IR spectromeric syst

100 4.0-
16.0
mem
(16
chan
ne Is)

12x
x48

0. 2 0.7x
2.8

0,4
-
-
-
-
-

8.0
-
-
-
0. 2

O.I

0.3

-
60
60
60
60
60

400
-
-
-
400

750

750

-
O
O
O
O
O

40
-
-
-
40

40

40

Russia

Russia

Bulgaria

Russia

Russia
jm "Istok-1"

B.O

3.5km
gradi-
ent)

6 0-90
to

Russia
Poland

plane Romania
of Czecho-
urbit Blova-

- Spec trome trie systems in visible and nearest IR range
120

56

27

220

300

150

0.415| -
-1.03 mem
(17 c

0.5-

ianne
_

12.5 mem
(5 bands)
0.5-
0.9 mem
(3 bands)

-

.s)

0.5

-

0.6

120-
300

25 m

16/25

11.5
Mbyte

11.5

60

350
/B

27
Mbytes/g +27

IV Television camera
9. TV 3 5 0.4-

0.75
15

cm
0.5 0.3 6.5

O

39

O

kia

Germany

Russia

Russia

90 O From system
"Istok-1",
Poland

V. Precision radio altimeter
IO . "Greben" 90

11. "Travers"

VII. Eq
12. "Ozone-M"

470

450 2.25

750
x2

9.2
23

1. - 0.1-
0.15

B.O

VI S A R
Ix
2.

-
x4

0.1-
0.15

-

2 O

70-
ICO

30-
40

Russia

Russia

uipment for measuring ozone and aerosol concentration profile
70 2OG 0.26-j -

1.02 mem
-

(4 channels)

1
50 m

-

by altitude

-
_

Russia

The land surface exploration includes:

- soil and soil cover charaeterintins in-
vestif>;itir>n (m;ip|>iMJ; of anil types, water
content, tuniper.-it.ure, humus content etc.
ov.-ilual.inn). Oim may include here also
quonlions of water regime in irrigated
land-use regions in semi-deserts, soils
saltinen;-> arid ernnioii, froKen grounds
statp of-thi;-art etn.;

- vegetation exploration (its mapping and
classification, covers state, biométrie
indexes of forests state, fire danger
etc.). Into the scope of these resear-
ches, also spatial and temporal covers
dynamics and identification of pedologi-
cal and geological signs of the surface
and vegetation must be included;

the snow cover exploration (mapping,
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snow melting dynamics,
measuring);

water equivalent

- large rivers basins and internal reser-
voirs exploration (their state-of-the-art
and water streams, inundation, estimates
ot water quality);

- surface mapping in various domains of
electromagnetic spectrum for the geologic
applications (geodynamic activity, moni-
toring of geologically dangerous regions
and large geological structures, minerals
type and mineral composition, ancient ri-
ver beds and geological structures detec-
tion).

Exploration of the ocean and "ocean-
atmosphere" system supposes studies on
following problems:

- remote sensing of the sea surface tem-
perature (SST) (optimal calibration me-
thods, testing and specification of radi-
ative-geophysical models, infrared and
microwave data joint usage etc.);

- observation over large-scale processes
in the "ocean-atmosphere" system (dyna-
mics of global geophysical and radiative
fields, SST fields and energetically ac-
tive zones, abnormal phenomena like ty-
phoons and hurricanes, etc.);

- working out techniques for retrieval of
near-surface wind direction and speed,
wind-induced waves characteristics (spe-
cifying the dependence between radiation
and wind, exploration of metric characte-
ristics of SAR and PRA, working out tech-
niques for determination of waves deve-
lopment degree etc.);

- oceanic processes study by radiophysi-
cal means (influence of synoptical inho-
mogeneities on wind-induced waves parame-
ters, influence of internal waves on the
radio waves backscattering, vertical
structure of the active oceanic layer and
internal waves kinetics etc.);

- study of oceanic color characteristics
(distribution of water types and their
bioproductivity, biomass evolution, vari-
ous types of off-shore water formation
and motion, etc.);

- study of ocean-atmosphere interaction
(annual dynamics -jf the large-scale heat
exchange between ocean and atmosphere,
their influence on weather changes at
continents, study of mezoscale structures
and their dynamics during ocean and atmo-
sphere interaction etc.);

- investigation of the ice cover (its ma-
pping, study of ice fields dynamics, pa-
rameters determination).

Atmospheric explorations include:

- large-scale atmospheric processes in-
vestigation on the basis of water content
field analysis (measuring atmospheric hu-
midity, clouds water content and dyna-

mics, investigation of atmospheric ener-
getic resources, study of tropical cyc-
lones bearing and development);

- investigation of the atmosphere and
ocean in tropical zone (studies of wind
fields dynamics, SST, atmosphere water
content, clouds and precipitations
fields);

- improving methods of some atmospheric
characteristics measuring (vertical dis-
tribution of temperature, pressure, humi-
dity, ozone concentration, aerosol layer
optical depth, tracy gases content).

The ecological researches are
onto programs:

subdivided

- "Atmosphere-K", including investigation
of aerosol and tracy gases distribution,
their dependence on each other in indus-
trial, urbanized zones and zones of refe-
rence;

- "Ecological holocausts", supposing na-
tural complexes study in ecologically
disastrous zones (Chernobyl, Aral sea,
etc.) and natural calamities, with the
aim to detect indicators of the system
crucial state;

- "Vegetation", which is performed to
study urbanization and industrial activi-
ties influence on crops and forests, and
also to detect contaminated areas and de-
forestation forecast;

- "Water system", which is intended to
evaluate large reservoirs pollution and
mineralization as a result of industrial
activity.

As one may conclude, the program of the
"Priroda" project embraces a wide range
of aspects of the Earth remote sensing.
The experiments on the "Mir" orbital sta-
tion are in agreement with existing great
international programs for climatic stu-
dies: "Global changes", "TOGA", "Razre-
zy", "GEWEX" (Global energy and water ro-
tation). It will be of great interest to
perform joint experiments and data ex-
change between those of "Priroda" and
ERS, SSM/I and TBHM satellites.

Successful completion of the "Priroda"
project must, as we believe, infer to
further development of science and tech-
nology.
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BVAU)ATION Of GKOSYSTBJ DYHMIICS AND TOBIRS SPATIAL STOUCTUHH BBWtBWK FDR PRIRODA

L. Vaailiav

Institute of Geography, HOSCOH

ABSTRACT

Geosyatems are nonlinear dynamic complexes exiatlng
in both space and time. Investigations of ecosys-
tems consist of spatial structure analysis and
détermination of paraBetora of process. The model-
ing of agricultural geosyatems in dlffernt phyai-
cal-geographical zones have been elaborated. This
model is represented as a phase trajectory of vege-
tation growth in the spectral signature space. The
coordinates of phase trajectory are interpreted
through biogeophysical parameters. The phase traje-
ctory of vegetation growth are obtained from the
row of sequence satellite and aircraft images. Ey
experiment on the apace data are proved that spati-
al structures of geoaystaatlanduae,river and ero-
sion network) have fractal properties. The proce-
dures of fractal dimension determination for
different spatial structures are discussed.

Keywords: geosystem, phase trajectory, spatial
structure, fractal.

vegetation condition interpretation froa phase
trajectory coordinates IB baaed on the Inter-
relation of tbeir components. Passive microwave
measurements of soil moisture are also reliably
interpreted using structural soil hydrological
models.
The determination of the geosyateB state is connec-
ted with the description of spatial terrain struc-
tures. He will consider a new approach to characte-
rize different-type structures of land use, fluvial
and erosional pattern. This approach relies upon
fractal geometry. Quantitative criteria «ere
derived to compare chaotic structures, which AmpmA
a non-trivial approach to geographic interpreta-
tion. Fractal properties of different-type spatial
structures were obtained usi-ig space <"°g*"fl and
aircraft photos.
This presentation is the summary of the expérimenta
made within the Project and described in detail
(Refs. 4-8).

1. IHIH)DUCTIOH

The study of man-made changes in geosystems of
different hierarchical levels has become a topical
practical problem. The analysis of these events is
possible only with better understanding of the
processes of the ecosystems development and func-
tioning-The sequences of chages in space and time
derived from successive space images permit models
of development and cyclic dynamics to be built.
The seasonal and annual dynamics of geosysteus
develops over complex spatial heterogeneous forma-
tions which are deterministic chaotic structures.
Hen methoda are required to qualitatively esticate
these structures. One of promising methods is
fractal geometry which allows us to characterize
numerically complicated irregular spatial distri-
butions. This presentation considers the modeliag
of the development of agricultural geosystems using
a sequence of successive space surveys. The cyclic
process dynamics is represented as a phase trajec-
tory in the spectral feature space,
aerospace experiments conducted within the Inter-
national Project "Study of Geosystem Dynamics with
Remote Sensing Methods", part of the IHTHRCOSMOS
Program, in 1385-1990 covered diffetent physical-
geographic areas of Eastern and Central Europe, the
tropics of Cuba, and of Central Asia, Hongola.
These experiments revealed possibilities to model
the cyclic development of geosystems in the
spectral coordinate spaco. Next HB Kill ahow that

2. VKGKTATlOM DKVBU)P)OHT HODBUHG

Geosystems are non-linear dynamic complexes develo-
ping both in time and space. Investigations of geo-
systems include their Inventory, spatial structural
analysis, parameterization of dynamic processes,
end determination of major intercomponental relati-
onships which regulate the functioning of the
entire complex. The inventory and spatial struc-
tural analysis determine slowly- varying statisti-
cal characteristics. The functioning of the entire
system is baaed on the cause-and-effect relation-
ships between changing variables. In multicomponent
complexes with intricate interrelationships the
process should characterize their systems proper-
ties, rather than changes in individual elements.
The choices of system indices or indicators,
therefore, is the initial condition sine qua non.
Models are highly complicated,it is only natural
for researchers to try and simplify them to a
degree when it becomes possible to better under-
stand the system behaviour. From the very begining
the set of variables and their relationships should
be reduced to a point when the key elements make it
possible to evaluate the system behaviour. It is
important to study the domain of model application
in critical situations, rather than to prove the
validity of the model chosen (Réf. 1).
When studying agricultural geosystems with a
complex internal dynamics of constituent elements
and their interrelationships, one should note the
increasing role of the method, relying on the use

P-cceectirgs c'rhe Central S,
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of integral indicators which enable all aggregated
data to be taken Into account. Vegetation can be
used as an indicator of the seasonal dynamics of
agricultural geosystems. Growth, as a process that
reflects the outcome of all functional and
metabolic changes in plants and that correlates
adequately with the accumulation of blousa, may be
employed as an indicator to evaluate the physiolo-
gical condition of plants (Refs. 2,3).
A solution of équations of the geosyste» state
coordinates. Hill be graphic in the following
geometrical interpretation. The coordinates of the
system. state are Cartesian and plotted in the n-
dimensional space. Bach point of the space defines
a certain state of the system which is called the
space of states, and a set of successive states
gives trajectories.!)» shape of the trajectory
reflects the dynamic properties of the system under
investigation. The knowledge of these properties
can also be used to evaluate the results of system
modeling. If it is possible to represent the space
of states ae a plane, then it is equally possible
to pass from the phase space to the phase plane
while investigating the most important projections
of the trajectory (Fig. Ia, Ib).

entire succession of measurements is represented in
a two-dimensional space Fig.2.

Figure Ia. Pattern of the phase trajectory of wheat
evolution in the spectral space.
X3= 0.63-0.69, X4= 8.76-0.96, Xg= 1.15-1.30 urn.

Figure Ib. Pattern of the phase trajectory of
vegetation in a two dimensional space.

Unlike physical dynamic systems an analysis of
natural processes and systems should take into
account the peculiarities of their spatial loca-
tion. For each element (field), the coordinates of
the state should be transferred to that site in
geographical space. Interpretation of the coordi-
nates of the state is conditioned by relief, hydro-
logical, soil and microclimatic characteristics.
The specific physical and geographic conditions
determine the key factors which account for the
vegetation growth. Expérimental spectral measure-
ments enable to obtain a phase trajectory of growth
in the spectral feature space for each type of
vegetation.
For real conditions phase trajectories abr-id be
calculated not from separate points, nut from a
group of points joined in clusters. Thus, a trajec-
tory assumes the shape of a pipe of certain dimen-
sions, and its axis is depicted by a smooth curve.
To obtain a time series of spectral optical
indicators which characterize the process of plant
growth, we used multiband images taken by MKF-6
cameras on board the AU-38 aircraft and the SALWT-
7 space station during the vegetation growing
season. In the spectral feature space each type of
vegetation forma in certain periods a tiny cluster
the position of which changes as the plant grows.
For simplification and better understanding, the

ISl

Figure 2. Cluster consequent dislocation of wiater
wheat in growing: (1, soil) - 14.64, (2) - 14.04,
(3) - 31.05, (4) - 6.06, (5) - 23.06, (6) - 24.07,
(7),(B).(9) - 10.08.1985.

This formality interpretation technique, however,
would not be satisfactory if the estimates of posi-
tipon on phase trajectories are not compared w'th
spatial location of fields in the real geographic
space. Therefore, the state of crops is considered
in its interaction with other elements of geosys-
tems which have a foremost impact on vegetation.
For the selected areas the state of agricultural
crops within a field is determined by the relief
and soil. The spatial location of fields, the type
or microrelief and other factors affect the hydro-
logical regime, the intinsity of drainage, and the
sensitivity of soil to water erosion and, conse-
quently, the state of seedlings.
An analysis of phase trajecrtories of crop develop-
ment, with due account for the impact of natural
and anthropogenic factors, points to differences in
the duration of vegetation phases which depend on
regional climatic and microclimatic characteristics
of test-site territories.
It is interesting to apply the approach proposed to
the study of geosystens in other physical-geogra-
phical areas, especially in tropics. The develop-
ment of vegetation in the tropical belt is deter-
mined by two periods: dry season and rainy season.
More detailed studies to determine remotely the
pasture condition over the territory of Cuba were
conducted within the CARIBB-8B international
experiment.
The development of pastures and their state depend
on many parameters, most significant among titan are
biomass, plant height, mixed- crop characteristic,
soil, precipitations and irrigation, soil tempera-
ture, age, fertilization, grass-fat animal species,
rotation (grazing days and regeneration periods),
and clipping frequncy. Thus, the grass canopy
agrobiocenosis is a multifactor dynamical system
whose coordinates of state in a phase space depend
on optical properties.
Optical characteristics and their time sequence
correspond to the integral estimate of the agrobio-
cenosis state. Phase trajectories were calculated
in the expetiment conducted over the territory with
ferralitic soil. There the main représentative of
agrobiocenosis were Kstrella Jamaicana, Panicum
Liconi, Bermuda Cruzada, and Wistaria. Figure 3
showes the example. The scattering indicatrix
involves a set of dispersion ellipses of spectral

i
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radiance within uniform sites (paddocks). The
values are Barked by symbols with due account for
the Gaussian distribution of brightness over the
paddock. Their -position is approximated by a line
segment which displays part of the phase trajectory
(shewn in Figure 1) of the herbage development in a
two-diaensional spectral feature space.

Figure 3. Pattern of the phase trajectory of
Panicum Liconi evolution (Cuba, San-Jose of
1 April 1988). Paddocks type: 1 - X, 2 - D, 3 - *

Figure 4. Pattern of the phase trajectory of
Wistaria evolution (Cuba,San-JOBC of 1 April 1988)
Paddocks type: 1 - *, 2 - D.

It is interesting to note that the phase trajectory
of Panicum Liconi with a complete percent cover and
that of Wistaria with an incomplete cover are
located on different portions of the cyclic trajec-
tory in Figure 1. The difference in the trajecto-
ries of Panicum Liconi, Katrella Jamacina, and
Wistaria is explained by the properties of herbage
from cereals and leguminous plants. The latter 10
to 28 CE. high form the 20-30X canopy cover that
results in a significant contribution of soil to
the crop brightness. A somewhat oscillatory dis-
placement against the line segment of the phase
trajectory reflects the natural process of vegeta-
tion growth along with the effect of stocking,
mowing, irrigation, and other factors. Coordinatea
of phase trajectory points Ir = Ii + fc (fc and B
are spectral band radiances) are fixed to photo-

metric indices of pastures and to the conditions of
their use. It is seen in Figure 5 that -Ue irrigated
and non-irrigated areas with cropo of, Panicum
Liconi and Bstrella Jaeaicana can be divided into
two groupa. Within o£ch group the regression was
found between the days of the regeneration period
for the paddock and 'its position on the phase
trajectory because of the different rate of biomasa
accumulation. So, for example, for irrigated
padt'jcks the radiance variation rate is 15 sampling
units/decade whereas for non-irrigated it is only
4 sampling units/decade. The reverse motion on the
phase trajectory occurs with the increasing number
of grazing animals.

Figure 5. Linear regression between the value of
coordinates I) on the phase trajectory and the days
of the regeneration period for Panicum Liconi (PL)
and Bstrella Jamaicana (BJ). Irrigated and
non-irrigated paddocks are divided into two groups.
Non-irrigated: 1 - PL, 2 - EJ; irrigated: 3 - PL,
4 - PL; 5 - EJ.

Narrowband measurements of the HKS-H spectrometer
using the estimated spectral chlorophyll index
Kch = (r620 ~ *680)/(r620 + 1W
make the dimensionality of the phase trajectory
space higher.
Thus, under the effect of stocking, irrigation, and
regeneration period each paddock reverses its
displacement along the line segment of the phase
trajectory characterizing the stats of herbage
between the maximum and minimum of green biomass.
This allows UB to evaluate the condition of the
tropical pasture during succesive surveys in
optimal time intervals: the end of a. dry season
(April), a rainly season (July-August), the end of
a rainy season (October), and a dry season
(December-January). The phase trajectory of vegeta-
tion development should be interpreted in the
interrelation with other components of geosystema.

The soil moisture data acquired with microwave
radiometry are necessary to reliably transform ths
"0^8I from the system of upectral coordinates to
that of biophysical coordinates (characteristics).
The most convincing data on soil moisture were
obtained with a spatial resolution of 100-200 m
when pixel size correspondes to homogeneous surface
part. With increasing of flying height the spatial
resolution will extend from 18 to 50 km and the
relationship between the microwave emission
intensity and the distribution of soil moisture
becomes much more complicated; the more so, if the
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soil moisture should be estimated daring low
resolution along-track measurements.
The effective interpretation of microwave large
scale experiments uses a soil-hydrology model of
the terrain, relying upon the network of ground-
truth measurements. Combinations of thematic maps
topography, soil, hydrology help single out
a priori homogeneous sites with forecast soil
moisture. Hext, a network of alonf-track microwave
measurements is "pulled over" the spatial struc-
tural model. Owing to this, ratio of radiation
temperature and soil moisture may be corrected and
spatial interpolation becnnes possible.

3. SPATIAL STRUCTURE OF GKUSKbTKMS

Bach geosysten has its spatial strucure formed by a
combination of sets of components. There is no
unique and complete definition of a spatial struc-
ture of a geosystem. It may be assumed that it is
rather a certain concept intuitively derived by
each specialist. This definition becomes more
dif inite if there arises a task of studying the
mutual location of components of such a geosystem
in space and their interaction to achieve a higher-
level objective. In this case the following parame-
ters cold be outlined. For an agricultural geosys-
tem, for instance, land formations are most
important which characterize, to a considerable
extent, its spatial structure.Since the arrangement
of elements of these structures is intricate and
chaotic there is no sense in tracking each indivi-
dual element. The whole entity of elements should
be considered which have a certain position at a
given instant.
Another type of a spatial structure is a fluvial
and erosional network characterized by a dendritic
pattern which is also not easy to accurately
describe. Space photos being a pattern of a geosys-
tem, fully reproduce its spatial structure in
accordance with the pixel size resolution. The task
is to develop a procedure for describing
(analyzing) the sets themselves.

3.1 Spatial Structure of Land Use

The spatial structure of geosystems is, above all,
associated with the character of land use. The
following symbols will be introduced for the
elements of the sets forming the structure of land
use: C. is a class of a given land formation;
i = 1,2,...,n; n is the number of classes. S, is
the area under land formatons of the i-th
class. Then the spatial structure can be described
by an ensemble of the following indicators:

U C . is the number of classes of landuse;
i=l *
n
J S. is the area under each class;

formation classes
n
U C filtering within limited

P(S) is the distribution of
within each class;

land formation areas

is the co-occurrence matrix of C., C.

is the ratio betweenclass elements where
C. and Cy

The advantge of these characteristics is in their
relatively simple interpretability though there are
no trivial criteria for the comparison of struc-
tures. The structures proper are most reliably
identified on multiband space imaged during the
cluster analyse within a given ensemble of land

contours, and editing of a classified image.
Properties of spatial structures which have
disarray signatures may be fractal (Réf. 10)-
Fractal geometry quantitatively accounts for
randomness, thus making it possible to characterize
spatial structures of land use, of fluvial and
erosional pattern, of topography, using for that
purpose the dimensionality of self-similarity.
The fractal dimension D = lim In H(r)/ln (1/r) is

r =! 0
applicable as a self-similarity factor in the case
If a whole may be split up into N parts, obtainable
from it by a similarity of ratio r(N). To estimate
the degree of structure regularity two fractal
dimenaiones are used: fractal dimension D derived
from geometry, and information dimension

DT = lim In (-£ P. In P,)/ln (Vr), where
r ={ 0

P. = n,/H- D and Dj are related as D > Dj. If the

fractal 'dimension D is related with an averaged
local or global characterisrtic,
sensitive to heterogeneity.

then is

Fractality of spatial structures of land use was
detrained for two types of farming geosystems on
the territory of the Kursk Region in Russia and in
South-Western Poland near the city of Wroclaw.These
structures have different land use: predominanrly
large collective-farm fields in the Kursk Region
and a combination of small individual fields with
large fields belonging to cooperatives in Poland.
Land use structures are identified by MKF-6
multiband images (SALYuT-7 station), by multi-
channel MSU-B scanner (COSHOS - 1939), and by the
LANDSAT TH. Classification of all images and
fractal computation were obtained on the PERIOOU)R
system relying on the ground truth data.
The land use structure may be considered as a
vector field. Each of its cells is assigned a
vector whose coordinates are proportional to the
ratio of areas under land formation classes. If
binary spatial structures are to be used, formed by
specific classes, the fractal dimension is computed
for each class. The projection of a set of
hyper-cubes built on the n-dimensional vector onto
the plane will be a usual land use mapping.
Fractal dimensions D and D, have been determined
for two types of farming geosysten structures.
To simplify interpretation, calculations have been
made for binary spatial structures formed by
individual classes of land use.

Table 1: Fractal dimensions of agricultural

Kursk, Russia

crop

wheat

barley
fallow
tilled
crops &
heritage

O

1.41

1.18
0.97

1.79

DI

1.39

1.16
0.96

1.67

Poland

crop

wheat
tilled
crops
herbage
rape

forest

D

1.75

1.69
1.49
1.35

1.47

DI

1.59

1.54
1.33
1.35

1.45

w;

1

All D values are not integers and are higher than
the topological dimension BL, which corresponds to
the properties of fractals. The P values, estimated
as averages over 4 adjacent sites, have no



Proceedings ol the Central Symposium or !he International Space tear Conference. HeW in Mumcn. Germany. 30 March-4 April 1992

lESA SP-3J! Ji.lv '992)

1071

>W •

1

significant différences, which points to their
fractal uniformity, that is to their geometrical
similarity.

3.2 Spatial Structure of groaional and Fluvial
Pattern

One «ore type of spatial structures is formed by
the fluvial and eroaional pattern. Their dendritic
pattern results from the development of branching
processes, very frequent in nature. Fate, for
instance, lightnings in atmosphere, other varieties
of dielectric breakdowns, fractures in metal, DU.

Figure 6. Erosional network of the Seim river basin

The geomnrphology uses morphological measurements
in combination with a qualitative intuitive
characteristic of a pattern type: radial,
dendritic, pinnate, trellis, parallel, annulai» -
Quantitative comparison of these patterns
particularly within a type, presents difficulties,
even more so their modeling. Still, the desire to
quantitatively characterize and to relate them with
the models of growth is quite natural and
necessary. It was shown that branching structures
of an eroaional and fluvial pattern type have
fractal properties. Figure 6 gives a scheme of the
erosional pattern of the Seim river basin in the
center of Middle Russian Upland, identified on
space images with due account for their spatial
resolution.
It has been proved that such structures have frac-
tal properties, and their dimension depends on
shape. Investigations were fulfilled fcr several
types of a fluvial and eroaional pattern interpre-
ted from the images of scale 1:20000 to 1:1000000.
The fractal dimension of a branching structure can
be calculated from the radial density distribution
of its various elements. If concentric circumferen-
ces are drawn with a structure node as a center,
they form crossings with branches * P0(R);

free ends * /Ĉ (R), and branching nodes tt p+(R)

can be counted in the ring between two contiguous
circumferences. Figure 7 shows the calculated
fractal dimension in log-log plot.
These results require interpretation. To do this,
we use the hypothesis of eroaional pattern
evolution in accordance with the model growth.
There are several models which generate branching
structures, and the main theoretical problem Is how
to calculate their fractal dimension.

Figure 7. log-log-plot of the cumulative nuder of
intersections (o), branching knots density (+), and
free branch ends ((S ) as a function of the radius
of circles.The erosion network of Seim river basin:
D = 2.68-2.22, D = 2.70-2.86. Dffi = 2.70-2.86.O + tp

The oodel mathematically discribea the growth
process of a branching structure of a Laplacian-
fractal type for which the average distance X
between the nearest branches is determined by the

<X<R)> = (D

where d is Euclidean dimension. „
So, parameters of the growth model <X(R)> Oc IT may
be estimated in two independent ways: first by
using the calculations from average distance
distributions <X(R)>, then from the Bq. 1. In the
latter case the fractal dimension D, that enters
the Bq 1, is computed from the radial density
distribution of different elemens p (R), P+(R),

Comparison of these two methods of R"

calculation showed that they agree best for the
fractal dimension determined from the density of
branch crossings with circumferences. The
calculations yielded:
for the eroaional pattern of the Upper Seim basin:

<X(H)> = R-6'2 and, with D = 2.22, <X(R)> = R"6'22;

for the erosional pattern of the Kansas test site:

<X(R)> - R^-83BMi, with D = 2.66, <X(R)> = R"6'66.

Table 2: Fractal dimension of the erosional network

River-basin

Seim

Boguchar

Kansas

Do
2.22

1.82

2.66

»+

2.86

2.22

2.86

D©

2.86

2.22

2.86
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The structures just discussed feature self-
aimilarity properties though the above agreement
does not yet BBBD that the problem of fractal
dimension is completely solved. The indicators
obtained fro» multiband space images are expected
to be used as generalized coordinates of a geosys-
tem structure, primarily in geoinformation and
expart systems «here the compression of spatially-
distributed data is particularly essential. The
fractal dwnaion of structures can be employed in
modeline land use optimization, in theoretical
geomorphological studies and last but not least for
land cover change study. It is evident that finally
the fractal dimension is always interpreted using
the traditional information-bearing quantitative
and qualitative characteristics.

4. Conclusion

This presentation discusses new approaches to
geosystem modeling from remote sensing data. The
development of geosystems is presented in the phase
space of spectral coordinates and interpreted as a
current state of the system in biogeophysical
characteristics. Spatial deterministic chaotic
structures of geosystems have fractal properties.
Fractal dimension of structures are determined most
efficiently from the multiband space images.
Evidently the systems developed will be useful in
solving the problems of the International
Geosphere-Biospbere Program.

References

Iv Environmental.
iley & Sons, 387 p.

1

2. Miller G P & al 1984, Analysis of seasonal
multispectral reflectances of small grains.
Rem Sens of Env. 14, 1-3, 153-168.

3. Odenweller J B 1984, Crop identification using
landsat temporal spectral profiles. Rem Sens of Knv,
14, 1-3, 39-54.

4. Nilaon T & Kuuak A 1985, Approximate analytic
relationships for the reflectance of agricultural
vegetation canopies. Earth Res from Space. 4, 5,
814-826.

5. Vaailiev L 1987, Phase portraits of vegetation
development trajectories in the multidimensional
spectral feature space. Doklady AH SSSR. 293, 3,
785-706.

6. Vasiliev L 1989, Determination of dynamical
characteristics of an agricultural geosystem from
multiband images. Karth Res from Space. 3, 43-52.

7. Vasiliev L & al 1991, K-sture conditions
determination in the tropical zone, garth Res from
Space. 1, 89-97.

8. Vasiliev L & Tyuflin A 1991, fractals in spatial
structures of geosystema. Earth BBS from Space. 4,
1991. IS^-

9. Pietronero L & Tbsatti B (Eds. ) 1986, Fractals
in Physics. north-Holland, 676 P.

16. Mandelbrot B 19B3.The fractal Geometry of Hatu-
re, freeman, M.T., 468~pl "



HIUUC uvoiiauit iu »«• rwmm -» """"
the year's photo-interpretation results. in jusften days. On the olhef hand, given the current

1073

THE PROGRAM OF OCBANOLOGICAL «XPEHIHENTS WITHIN THE PRIRODA PROJECT

G.K.KOROTAEV, V.K.KOSHÏREV, V.N.XUDRÏAVTSEV, V.S.SUETIN

Marine Hydrophysical Institute, Sevastopol, Ukraine

ABSTRACT

Scientific program of oceanologlcal experiments
within the Priroda project is presented. This
program identified 2 specific goals: i) to de-
termine accuracy estimations of main hydrophysi-
cal parameters; ii) to obtain new data on ocea-
nic processes. According to type of the instru-
mantabion applied the programm devided in to To-
ur blocks: SST, Roughness, Color and Ground tru-
th supply. Different aspects of remote sensing
problems are discussed.
Keywords: remote sensing, SST, Colour, ground-
-truth supply.

1. SCIENTIFIC OBJECTVES

1.1 Background

Two basic diretions of researches are outlined.
Of fundamental essence are experiments on SST
fields determination as well as sea-surface wave
field, colour of the sea, ocean circulation.
They are stream of existing inisrnational prog-
rams of ocean exploration such as Global change,
TOGA, JGOFS.
Experiments having applied character are those
connected with ecological problems, ocean moni-
toring, control of bioproductivity, detecting of
abnormal events in atmosphere and in the ocean.

1.2 Program elements

Priroda mission program applied to ocean explo-
ration is compoced of 4 program parts.
• "SST" experiments, t'ithin the frameworks of
these experiments following themes are supposed
to be accomplished: i) development of SST deter-
mination methods by means of passive remots sen-
sing; ii) global survey of the World ocean by
means of passive remote sensing methods; iii) mo-
nitoring of the large scale SST fields for se-
lected regions.
• "Roughness" experiment. Within this block, it
is supposed to fulfill activity on studying ra-
dar and microwave images of geophysical proces-
ses in dynamically active regions of the World
ocean under controlled meteorological conditions.
. "Colour" experiments. Within this blok of ex-
periments it is supposed to proceed investiga-
tions on the informational possibilities of MOZ
instrument, evaluation of the accuracy of para-

meters bein determined, obtaining these paramet-
ers quantitative characteristics as well as ap-
propriate maps.
•"Ground truth" experiments. This block of ex-
periments includes supply of remote sensing
activity by shipborn ground-truth measerments.

2. SPACEBORN EXPERIMENTS

2.1 The SST determination

2.1.1 The problems to be solved. At the initial
stage of any experiment on remote sensing, it is
necessary to test the equipment work abilities,
to choose optimal conditions for the measure-
ments perfoming, and as to the methods of the
space information processing developed earlier,
they should be fulfilled and adopted for this
very experiment conditions. The another main pro-
blem of this stage is to estimate real accuracy
of geophysical parameters determination. When
applying to the task of the SST remote determi-
nation, one may outline following basic methodic
problems.
• Working out optimal methods of remote measure-
ments calibration. Calibration of measurements
means finding out a link between signals at the
output of the remote sensing devices, radiative
and geophysical characteristics of the me>^'"ra be
ing sensed.- For this purpose, along with conmon
internal reference sourses, natural radiative
contrasts may be also used if appropriate afri-
oriinformation about these sourses is available.
The choice of specific method for calibration
essentially depends on equipment characteristics
and the invers problem being solved. Comparison
of internal calibration results with natural re-
sults enables to estimate the efficiency of in-
ternal calibrations and to work out optimal me-
thods of calibration, including both internal
references and natural radiative contrasts as an
application for the SST determination.
• Radiative-geophysical models testing and spe-
cifying. The radiative-geophysical models deve-
loped so far contain significant uncertainties
that are due to inaccurate knowledge about depen
dences between radiative characteristics of t-h«
system "atmosphere-underlying surface" and soaa
geophysical parameters. From the point of view
of SST determination from microwave radiomotric
measerments, the uncertainty of the ocean surface
radiative-wind model is of the SST significance.
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The radical means to specify models is to compa-
re spaceborne measurements with simultaneous
contact measurements at the terrain areas.
• Development of principles and methods of the
visible, Infrared and microwave equipment joint
usage. In spaceborne experiment made so far, the
independent methods for SST determination fro»
microwave and infared measurements were develo-
ped. Each of these methods has its advantages as
well as shortcomings. The complexatlon of micro-
wave and infrared measurements, as well as aea-
surements in the visible range that yield the
infomation about clodlness and water surfase
state, may essentially increase the accuracy of
remote SST estimates accuracy. Ta put this pos-
sibility in practice, it is necessary to work
out adéquat» radiative-geophysical models and
joint microwave and infrared measurements pro-
cessing methods. Since the experience of coop-
lexatlon is nowadays rather small, this work has
an experimental character.
• Optimal choice of sensing conditions. The ex-
periments made so far showed that the characte-
ristics o" microwave radiometers Installed abo-
ard depend significantly on the temperature re-
gime that In turn, depends first of all the sun
heating. On the day or night time depend also
the presence of reflected light patches on the
water surface and the conditions of radioemissi-
on propagation via ionosphere. From the another
side, on the dark side of the Earth it is Impos-
sible to use the equipment of visible range.
Therefore, the efficiency of remote SST determl-
natio methods and, maybe, also radiometric chan-
nels choice should depend on the measurements
time. This dependence must be explored experime-
ntally.
• SST determination accuracy analysis. The ana-
lysis of the accuracy of geophysical parameters
determination is a necessary part of the space-
born experiment, especially when uslnd a new
equipment. This analysis is to be made by com-
paring spaceborn and simultaneous groun- truth
measurements.

2.1.2 Regions of measurements. To work oit and
cpeclfy the SST determination methods, it's
worth while choosing the Worlf Ocean aquatorles
with mil studied spatial-temporal SST fields
structure and other geophysical characteristics
well supplied by ground truth measurements. On
the aquatories lots being sensed the stable spa-
tial SST contrasts must exist, they being compa-
rable with natural variations range for the pa-
rameter ch'.sen (20 - 30 X). Besides, for micro-
wave radiometers calibration it is dessirable
that, during individual survey of measurements,
along with the aquatories chosen, the areas con-
tracting with the ocean were observed, the cha-
racteristics of these areas being conservative
(tropical woods, Siberian taiga etc.) The Atlan-
tic Ocean north of 10 S and North-western part
of the Pacific Ocean proved to satisfy these
conditions in the greatest extent.

2.1.3 The instrumentation required and its ope-
rating. For methodic experiments setting, the
passive equipment complex is used:"IXar", "Is-
tok-1", "MOZ-Obzor", HSU-SK. The electronic vi-
sion unit (KVD) of "Istok-1" must operate in
the TV camera regime.

2.2 Global World ocean survey

2.2.1 The problems to be solved. The main prob-
lem of the global survey is detection of anomaly
and hardly predictable geophysical phenomena and
objects in the ocean and atmosphere.

Working out methods of remote measurements
adoption when acquiring mezoscale geophysical
fields. Optimal adoption of remote measurements
when obtaining time averaged fields of geophysi-
cal parameters demands to account real changea-
bility of both a field being explored and the
equipment characteristics. For this purpose, one
must have dynamic models of devices accounting
possible changes of Its parameters and dynamical
stochastic model of the field being retrieved.
Cheeking the quality of processing methods and
models may be made on the analysis of current
remote measurements and on comparison of remote
estimates with climatic and contract data.
Investigation of global geophysical and radia-

tive fields dynamics. Ihvestigation of global
fields dynamics is supposed to be made by image»
of mean monthly distributions of geophysical and
radiative parameters of the Earth that are obta-
ined quarterly. Main direction of such investi-
gations is a forecast of possibility to use the
results acquired in climatologie explorations.
Investigation of monthly averaged global fi-

elds of geophysical parameters. By the results
of global measurements during 20 days it is pos-
sible to evaluate not only monthly averaged fi-
elds, but also their structure analysis. Parti-
cularly, one of the problems is to determine
scales of spatial and temporal changeability of
various geophysical parameters during a month
(SST1 atmospheric integral parameters, wind spe-
ed and direction etc.)
Detection and exploration of abnormal geophy-

sical phenomena (typhoon, foam collapsing anoma-
lies, etc.) The cain goal of global observations
for abnormal geophysical phenomena detection is
to reglstrate hardly predictable states of atmo-
sphere and ocean surface. The dynamise of follo-
wing over separate anomalies is also feasible.

2.2.2 Beglons of measurements. The whole Globe
between ?2Û S and 52" N.

2.2.3 The instrumentation required and its ope-
rating. The passive equipment of "Ikar", "IstOk-
—1", "MOZ-Obzor" in the Earth survey regime and
TV camera.

2.3 Monitoring of the large-scale SST fields

2.3.1 The problems to be solved. Information
about the SST is necessary for climatic changes
monitoring, these changes taking place in the
ocean in general and the energetically active
zones, in particular. The initial data for mété-
orologie and climatologie data are SST fields
averaged over a month. When aweraging over time,
one should take into account real dynamics of
the field. The latter supposes obtaining and com-
paring the "instantaneous" images of the field,
being obtained from separate SST measurements
during a minimal time interval. Applying to the
"Priroda" experiment, the minimal time interval
during which a separate aquatory (e.g. the Nor-
then part of the Atlantic Ocean) may be covered
by measurements with spatial dicrete of 100 -
150 km, is about 3 days.
SST fields mapping and its dynamics investiga-

tion.
SST fields energetically active zones monito-

ring.
Investigations of the SST fields changeability

due to atmospheric processes of synoptic scale.
The estimates of the near-surface wind speed and
direct!m and atmospheric integral parameters ob-
tained from multichannel microwave radiometric
measurements.
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1.3.2 Regions of measurements. Northern Atlantic
Ocean (10 S - 52" N1 0-80 W). North-western
part of the Indian Ocean, the Atlantic Ocean (52
S - 52° H, 0-80° W), North-western part of the
Pacific Ocean.

2.3.3 The instrumentation required and its ope-
rating. Two variants of the equipment switching
on are possible, their measurements informât!vl-
ty being different.
Joint work of microwave radiometers RP-225,

Ikar-H, H-400.
All the microwave equipment complex, including

the "Delta".
The -ptimal composition of microwave radiometrlc
channels for the SST monitoring is determined at
the stage of measurements methods working out
and specifying. When making measurements during
concrete terms, the demands to SST estimates ac-
curacy must be taken into account, along with
restrictions imposed on the measurements infor-
ma tivity due to the finite capacity of the onbo-
ard storage memory.

2.4 Exploration of oceanic processes by
microwave sounding

2.4.1 The problems to be solved. Physical gro-
unds for experiments planning and performing are
known nowadays effects of influence of streams
inhomogeneities on oceanic wind waves parameters
and, hence, on ocean surface radio emission.
Invwstigation of synoptic-scale streams inho-

mogeneities influence on wind waves parameters
from active and passive radiophysical data.
The objects explorations should be characteristic
types of synoptic-scale streams.

jet streams;
upwellings and downwellings;
solitary curl formations.
Study of internal waves (IW) influence on bask-

scattering cross section exploration of conformi-
ties to natural lows of IW propagation and gene-
ration.
By the information being disposed the IW exposing
themselves on the surface have wavelengths from
100 m up to several kilometers.
In the experiment following problems may be sol-
ved.
IW influence on the ripple spectrum and radio-

waves backscattering cross-section; deriving a
link between radar signal contrast and thermome-
ter shifts amplitude, depended on hydrometeoro-
logic conditions;
deriving the peculiarities of IW propagation

and finding out sources of generations
decision about possibility to determine the

verfical structure cf parameters of the oceanic
active layer from kinematic characteristics of
IW packets.
Estimation of possibility to determine verti-

cal structure of the active layer of the ocean
from kinematic characteristics of IW packets
that expose themselves in oceanic radio images.
Organization and putting in practice the experi-
ments will enable to evaluate a possibility to
make a diagnosis of the oceanic active layer's
vertical hydrologie structure and its spatial
changeability from IW serface expositions. The
input parameters to solve the inverse problem
may be kinematic parameters of IW packets (wave-
length, group velocity, trajectory curvature ra-
dius, number of waves in the group, etc.), that
will be found from the successive set of SA8 ima-
ges of the ocean. Sunchronous ship hydrologie
stations will serve as measurements of reference.
Topographic mapping of separate aquatorles.

Basing on radar measurements, It is possible to

plot maps of waving and reflection of separate
aquatorles, as well as hydrologie fronts and
curls.

2.4.2 Regions of measurements. For streams in-
vestigation.
The Gulfstream area on Boston and New York

traverse.
African upwelllng region near Cap-Blan cape

(the Atlantic Ocean).
Kurosivo stream redion (Pacific Ocean).
Solitary curl formations at the oceanic side

of the Gulfstream (coordinates of the curl for-
mations are to be determined from ground truth
data).
Regions of the ocean, where the presence of IW
is guaranteed.
North-western part of the tropical Atlantic

Ocean area nearabouts the Amazon river (Amazon
proving ground).
Kamchatka peninsula and Curilinn Islands region
Andaman Sea (Indian Ocean).

2.4.3 The instrumentation required and Its ope-
rating. To set experiments the SAR "Travers" us-
ing Is necessary, as well as the high-frequency
(0.3, O.B, 1.35, 2.25 cm wavelengths) of the
scanning "Delta" radiometer, and the precision
radioaltimeter "Greben". The nadir trace radio-
meters block "Ikar-N" may be used to measure wind
direction and speed, that are necessary to inter-
pret the measurements data.
For IW exploration, the SAR "Travers" is used.

2.5 The ocean parameters determination by
their color characteristics

2.5.1 Background. One of the most informative
directions in remote methods of the ocean obser-
vation from space in connected to visible range
spectrometric equipment usage. Within the "Priro-
da" complex such observations are made with the
aid of "MOZ-Obzor" system of which the channels
arrangement, characteristics of accuracy, spatial
resolution and suervey band enable to solve a
wide range of problems demanding to obtain quan-
titative data about the spectral composition of
the light leaving water; to perform atmospheric
correction and plotting spatial distributions of
optical, biological and some other ocean charac-
teristics. These problems are of scientific and
applied value for ecology, pollutions control,
fishing, climatic and hydrophysical processes
study.
Nowadays, a great amount of experience of such
problems solving is collected. Beyond the USSR
it is connected first of all, with the experiment
made with the aid of the Color Scanner of the Co-
astal Zone installed at "Nimbus-7" satellite. In
the USSR basic results in this direction were ob-
tained as the result of experiments with HKS (Ru-
ssian abbreviation for Space Survey Module) on
the "Intercosmos-21" satellite.
In visible range in the sea optics the subdivisi-
on of water masses onto two types:"type 1" and
"type 2" us used. Of "type 1" are the open ocean
waters, remote from land influence, of with the ,
optical properties (light absorption and scatter-
ing are determined only by phytoplankton concen-
tration. In this case the interpretation of asce--
nding radiation spectra changes essentially sim-
plifies. Basic changes of "type 1" water's opti-
cal fields occure on global scales (of the order
of thousands kilometers and more in space, and
from a month up to a year - in time).
Optical properties of "type 2" waters (near-coas-
tal ones) depend, along with phytoplankton and
other biological components, also on the so-cal-
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led "yellow substance" and suspended nonbiologic
particles concentration. Changeability of opti-
cal fields In such waters depend essentially on
peculiarities of separate regions, so, for their
observations in each region specific approaches
are required. As a rule, scales of this changea-
bility are: temporal - from a day up to several
months, and spatial - from tens to hyndreds ki-
lometers.

2.5.2 The problems to be solved.
Global distributions of the ocean water study

and of blomass evolution.
Thanks to possibility of ocean multiple mapping
at scales about 1000 km, the spaceborne measure-
ments are able to yield information about a lar-
ge-scale distribution and evolution of seaweeds
biomass in the near-surface layer of the ocean.
Chlorophyll concentration in the open ocean wa-
ters may nowadays be determined from space with
the accuracy about 30 - 40 5S1 that is quite ad-
mlttable for most of problems being solved.
Organic carb>n contained by the plankton provides
energy from all the "feeding chain" of the sea
organisms, determining finally the potential fish
catch. Biomass monitoring in the ocean, provided
continuous global data acquisition, give informa-
tion about biological and geophysical processes
links. It is important to work out the ocean bio-
productivuty forecasting methods. Organic carbon,
being contained by sea water, is one of main in-
dicators of atmospheric C0_ fixation that in tura
influences significantly atmospheric climatic
processes. For climatologie researches, it is
also important to control over vast oceanic areas
reflecting and absorbing properties changeability,
they being connected to changes in albedo, depth
of radiation penetration into water, thermal en-
ergy accumulation processes in various parts of
oceans.
Optical measurements in visible and near infrared
ranges contain information not only about surface
properties, but also about atmospheric state ana
composition. When observing atmosphere over open
oceanic aquatories at wavelengths more than 600
nm (up to approximately 1 mem) the intensity of
radiation registered is totally due to aerosols
composition and optical properties (if one do-
esn't consider narrow lines of absorption by some
gases). From one side, it assures the possibility
to fulfill atmospheric correction while determin-
ing the sea water color, and from another one ma-
kes reasonable performing explorations of aero-
sols themselves. Such researches are intended to
geochemical, clinotological and ecological prob-
lems solving. It is worth noting that nowadays
the knowledge about aerosols over ocean are ra-
ther poor yet.
Studying regional peculiarities of some near-

-coastal oceanic and sea water types formation
and transition.
In coastal zone waters (in fast, such waters may
be situated hundreds kilometers, apart from co-
asts), solving a part of problems mentioned abo-
ve is less actual because of smaller area of ap-
propriate aquatories. At the same time, other
specific problems arise. Because of great amount
of changeabilities intensity and more complicated
water optical properties dependence on substances
dissolved or suspended, more detailed and versa-
tile observations are required in some near-coas-
tal regions.
Among main objects of observations, here are pro-
cesses of various admixtures transfer, waters
boundaries formation and transition, these waters
having different properties. This ma;; he connec-
ted to both biological j-rocesses (like waters

blooming etc.), and to suspension and turbidness
gone with rivers or ascended from the bottom.
These processes take place at the areas of jet
streams, curls, upwellings, "tongues" and "len-
ses" carried in by rivers.
Because of a great variety and complexity of pro-
cesses BK Honed and their influence on water's
optical properties, for qualitative determination
of suspension and other admixture and concentra-
tion a wide range of methodic works is required,
these works including detailed ground truth con-
trol measurements from expedition ships. Apparen-
tly, one of the effective means to perform regi-
onal observations is to interpret spatial images
of various processes and water masses along with
direct determination of appropriate waters prope-
rties •:• t from remote data, but from control ship
data. o^i.ellite information during these measure-
ments may serve for visual secluding boundaries
of some objects or dynamic formations. The water
color here may serve as an indicator. From well-
distinguished spots trajectories one may, for
example, fulfill estimates of streams and tran-
sfer in'the regions chosen.

2.5.3 Regions of measurements. Regime of global
survey must be realized by means of systematic
switching of the equipment to obtain regular co-
verage of the Atlantic Ocean aquatory with the
coordinates from O to 80 W (or from 20 W to 80
W), from 52°S up to 52°N (or from 20 S to 52 N).
With the aim to observe regional objects, follow-
ing regions are proposed.
Atlantic coast of Africa from 10 N to 30 N: up

to 25°W (area of intense deep waters ascending).
Atlantic coast of North America from 40 W to

5O0W; up to 1O0H (area of intensive river fluxes
- Amazon, Orinoco etc.).
Atlantic coast of North America from 40 N to

5O0N; up to AO0W (region of Gulfstream separation
from the continent; fronts, curls, meanders for-
mation etc.).

The Black Sea, especially its north-western
part (area of intense river fluxes and man-made
pollutions - Volga, Dunay, Dniestr revers).
Northern part of the Caspian Sea (Volga river

mouth).
Southern part of the Sea of Okhotsk and adja-

cent areas of open ocean: 35 - 5O0Nj 140 -155 E.

2.5.4 The instrumentation required and its ope-
rating. To set experiments, the systems of "MOZ-
Obzor" and "Istok-1" is used.

3. SHIPBOHN EXPERIMENTS

3.1 SST experiments

3.1.1 Regions and structure of activities. The
region most suitable for activities is the Cent-
ral northern Atlantic Ocean, including tropical
zone, along with regions adjacent to frontal zo-
nes of the Gulfstream and Kurosivo. Besides, it
will be useful to obtain information from proving
grounds "Subduction" (near the Azores), "Amazoni-
an proving ground" (near Amazon and Orinoko mo-
uths), the East Chinese Sea, the Black Sea. Pro-
ving grounds size is not more than 5x5 km.
Explorations will include.
Hydrological cuts of proving grounds surveys up

to depths 500-1000 m by precision equipment with
the accuracy of temperature measurements 0.05 K.
SST measurements, those of near-surface atmos-

pheric layer and near-surface fluxes from drift-
ing buoys (within the framework of WOCE program
to create a network of reference points during
1-2 years). Here, the accuracy of SST interpola-
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tion to the regularly net is not worse than 0.31.
Receiving images from the NOAA satellite to

ship and coastsl receiving stations-for-control
over cloudiness and comparing results of measure-
ments. Also images receiving from "Meteosat" geo-
stationary satellute is possible.
Atmosphere transparency functions and measure-

ments of aerosol characteristics.
It is necessary also to have everyday data on
near-land analysis basing on faximile weather
maps, measurements of atmosphere state fron so-
unding balloons (from ships), additional airbor-
ne SS? measurements data.
Accounting for difference of tropical equipment
and that of middle latitudes, and also signifi-
cantly smaller SST gradients in tropics, it is
worth while performing experiments first in tem-
perate latitudinal regions.

3.1.2 Eqiupment composition. In each trip of the
Scientific Research Ship the equipment compositi-
on may be different, but typical equipment must
include.
10-15 drifters, each operating 1-2 years.
SST measurer being towed.
Precision measurer of near-surface oceanic

layer sructure (float-based).
Station for automatic information transmitting

and receiving and equipment for faximile weather
maps receiving.
Two-beam infrared radiometer with changeable

filters for transparency windows (3-7 and 8-12
mem).
Solar photometer with changeable for visible

(5 channels) and infrared (5 channels) ranges.
Infrared spectrometer for registration of do-

wnward radiation at 1 - 15 mem.

3.2 Roughness experiment

3.2.1 Regions and composition of activities.
Main regions for activities are dynamically ac-
tive zones of neighborhoods of jet streams -
Gulfstream, Kurosivo, area of the Western tropi-
cal Atlantic Ocean, the East Chinese Sea, the
Sea of Okhotsk, the Black Sea and, maybe, the
White Sea.
First class of experiments is connected with stu-
dying transformation of ; irface waves on streams.
Ground truth activities '. ore include.
Information gaining .Vt "wt the background of

hydrometeorological fieiii and their changeabili-
ty at test oceanic aquatories.
Hydrological cuts of upper layer of the ocean

up to 500 - 1000 m depth or proving grounds with
sensing up to same depths.
Measurements of surface fluxes fnm the moving

ship.
Radar measurements from the ship board.
Gaining information about water hydrochemical

structure, chlorophyll content, surface matters
admixtures concentration.
It is desirable also to perforn airborne radar
measurements, obtaining faximile weather maps.
In the second class of experiments, exploration
of internal waves from the satellite will be
made, regions of measurements are syloys occur-
rence places. Contents of ground truth activiti-
es is same as in the precedent case, together
with measurements of streams speed at buoy sta-
tions.

3.2.2 Equipment supply. Typical equipment for
measurements accomplishing may include.
Radar complex for obtaining radiophysical cha-

racteristics of the sea surface (maybe, basing
on ship-borne radar station).
Special complex for measurements of sea waves

coming down intensity.
Acoustic complex to registrate sound scatter-

ing layer structure.~
Accelerometric wave measure for wind waves

spectra obtaining.
STD-sound.
Towed fluorimeter for measurements of spatial

structure of admixtures field.
Onboard complex of information receiving and

transmitting equipment.
Towed complex for surface fluxes measurements,

3.3 "Color" experiments

3.3.1, Regions and composition of activities.
First of experiments connected with studying co-
lor fields global distributions in optical "type
1" waters. For these purposes, Northern Atlantic
Ocean aquatary is suitable, at this aquatory a
broad variety of optical water properties and hy-
drophysical processes changeability.
Second of .experiments.is connected with observa-
tions of regional objects with "type 2" waters,
of which representatives are
Upwelling nearabouts Cap-Blan Cape.
Newfoundland proving ground.
Neighborhoods of Amazon and Orinoco rivers BLO^

uth.
Neighborhoods of Dunay river mouth in the Black

Sea.
Southern part of the Sea of Okhotsk and adja-

cent area of open ocean. Ground truth activities
here include: synchronous and quasi synchronous
surveys of water reflection coefficient, suspen-
ded matters and chlorophyll concentration; atmo-
speric optical parameters, receiving images by
automatic receiving-transmitting unit from NOAA
satellite.

3.2.2 Equipment supply. Typical equipment com-
position for performing ground truth observati-
ons may include
Spectrophotometer for measurements of sea bri-

ghtness coefficient in the range of 350-750 nm.
Solar photometer for atmospheric overall opaci-

ty determination in the range 0.36-1.1 mem.
Sea water absorption and scattering indexes

measurer.
Impulse measurer of chlorophyll and dissolved

organic matter fluorescention.
Color index measurer.
Measurer of natural chlorophyll fluorescention

induced by incident sunlight.
Light field parameters measurer.
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GERMAN PARTICIPATION WITHIN THE INTERNATIONAL
EARTH OBSERVATION MISSION PRIRODA

G. ZbnimnMim11, E. Bach1*

» DLR Forwhunguentrum Beriln-Adlenhof, Institut Nir Wettraumsensorlk
11 Deutsch* Agentur fiir Raumfihrlangelegenhelten (DARA) GmbH

t

ABSTRACT

TlM project PRIRODA It • muHlsenttr nusskm with activa and
passive MW- and optical Senior* for earth observation. ThI*
devices will Installed on board «I • specialized module which
will be launched and docked at UM MIR station In May 1993.

The goal of the mlHton to the devetopement and verification
of muHlaaMor remote senilng method* for Investigation of
landscenes, oceans, atmosphere and ecological environment

The German participation In the PRIROOA minion enclose
- contribution to scientific payload
- proposed scientific experiment»
- cooperation at ground truth and data processing

As payload contribution I* developed the Imaging spectrome-
ter MOS for optical sensing of oceans and atmosphere In the
VIS-NIR region. For the scientific program several German
Institutes made 16 experiment proposals.

Keywords: Environment InvesUga r remote sen-
sing, MW- and optical sensing, Imaging spectrometer

2. MAIN POINTS OF THE SCIENTIFIC PROGRAM PRIRODA

The scientific program of the PRIRODA mission Is devlded
Into !our main groups of Investigations:

• Landscenes
-Oceans
-Atmosphere
-Ecology

The goal Is the development and verification of murUsensor
remote sensing methods. The following specification gives
some details of this four subprograms.

1. Land surface exploration
State and control of ground and snow cover; Investiga-
tion of soil and vegetation characteristics, large river
basin* and InIcM waters; geological mapping.

2. Investigation of the oceans
Global ocean monitoring with active and passive me-
thods; SST In selected regions, wind field and sea
roughness; water color/typos, ocean bloproductivHy;
Interactions In the atmosphere-ocean-system; Ice co-
ver.

1. INTRODUCTION

WHh the paper Is given some Informations about the mission
PRIRODA and the German participation and proposal* to the
scientific program.

The project PRIRODA (Nature) has been planed by Soviet
scientists since 1986 as a complex scientific research pro-
gram for developentont and verification of remote sensing
methods and Investigations of regional and global problem*
In Climatology, Oceanography and Ecology.

This program will be realized wtth a multtsensor Instrumenta-
tion on board of the specialized spacecraft module with the
same name PRIRODA, which shall be docked to the MIR
station In May 1993.

This paper gives. • short summary of the main points of the
scientific program and the German participation In this mis-
sion.

3. Investigation of the atmosphere
Large scale processes over the oceans; atmospheric
turbidity; maritime atmosphere over tropical oceans;
exchange In lower stratosphere and troposphere, mo-
nitoring of minor gases and aerosols.

4. Ecological Investigations
Anthropogenic Influences on aerosols and trace gases;
regions of ecological disasters; control of végétation,
desertification, erosion.

3. OPERATION PLAN OF THE MULTISENSOR EQUIPMENT

The multisensor equipment Is devlded Into separate opera-
tions blocks. Some Instruments are working alone, other are
combined to groups. Each of tt has Ks own working regime
(mode), determined by the mode-algorithm, which gives the
operation timeline and duration of measurement Each mode
has a différant number of active (measurement-) ortrite per
day. Because of non-sunsynchroneous orbtt (I s si .6°) of
the MIR station only at 6-7 of the 16 orbits per day will be
carried out measurements, at the remaining orbits the date
will be translated to ground.
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Tab. i shows «M preliminary program plan «or UM mort Im-
portant operation modes of the payfoad. H gives alto an ex-
ample for tha lima ol maaauramant In aach mod», Uw possl-
Ha working orbit» par day (24 h) and tha number of measu-

Tab. 1 Preliminary PRIBOo;i program plan tor one year

ring cycles per month and year as well as the proposed pe-
riods of experiment». This operation regime* can be combi-
ned In dependence on the demands of the experiments and
the scientific program (region, time, geophysical parante-

1
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4. PROGRAM OF GERMAN PARTICIPATION

The German participation In the PRIRODA mission enclose:
- contribution to scientific payload
- cooperation at data processing and data base manage-

- scientific experiments (proposals for the scientific pro-
gram)

4.1. Instrumental participation

The German contribution to scientific payload of the mission
PRIRODA Is the Modular Optoelectronic*) Scanner MOS. H
Is an Imlglng spectrometer (FIg. 1) for the VIS/NIR-reglon
and consist* of two separata optical blocks - MOS-A and
MOS-B. The Instrument Is developed at the former Institute
of Space Research (IKF), the present DLR-lnstitute of Space
Sensor Technologies Berlin.
MOS-A has 4 very small channels (Al = 1.5 nm) for mea-
suring the atmospheric scattering radiation in the O2A-Bb-
-crption band at 760 nm . On the base o! this data will be

Grating

Imager

Collimator

realized a new method for correction of atmospheric In-
fluence on muttiipectral remote sensing data In the VIS/-
NIR spectrum. For correction over water surfaces the me-
thod Is verified by former experiments and shall now ba
extended to land scenes.
MOS-B I* an Instrument with 13 small channel* (AX = 10
nm) between 400-1010 nm, «elected for ocean remote sen-
sing. The main goal of the measurement* with MOS-B Is
the determination of spectral characteristic of water (water
color) and derivation of ecological parameter* of the oce-
an» (chlorophyll, Moproducttvtty, surface pollution, water
types, sediment content).
The MOS complex I* designed for remote sensing of ocean
and great emphasis I* layed on good spectral and radlome-
trlcal résolution on expense of spatial resolution. Tab. 2
gives the technical parameters of MOS.

4.2. Participation In data processing and management

This part will done by the Satellite Ground Station Neustre-
lltz (SGSN). The SGSN will receive experiment data from
IRE/MOSCOW «no/or NPO EneigtA and I* responsible for
data distribution within the German user community. The
SGSN will also cowork at the construction of the data bank
management ayUem (DBMS). SGNS will hold the German
data bank and I* the German organization for data re-
quest*, Input of ground truth data and distribution of data
cataloguée Inside Germany.

4.3. German experiment proposals

The following 16 experiments were proposed by a wide-
spread German scientific community from universities and
research Institutes. They have been accepted by the Scien-
tific Council and were Included In the experiment-program.
They are arranged In 3 group*:

1. Experiment* for calibration, data processing and évalua
tion of Information content (3 proposal*)

2. Investigation of the Information content of PRIRODA data
for geosclentiflc goals (S proposals)

3. Experiment* for geoselentiflc and ecological applications
(B proposal*)

During each board experiment will be performed ground
truth measurement* at the «elected test sites to get data
for comparison with the remote measurement* and verifica-
tion of the used parameter retrieval algorithms.

An overview of the experiment pi
are shown In Tab. 3.

i and their goals

FIg. 1: MOS - An Imaging VIS/NIR
Remote Sensing Radiometer
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Tab. 2 MOS-Scanner - technical parameters

VV"

1

Parameter

spectral parameters

spectral rang* nm
No. of channels :
wavelength nm

spectral half width nm
fiolftrlzBtion %

along track x deg
across track y deg

Scene aeomeav (H = 350 kml

swell) wkjlli km
number of pixels :
pixel size (x*y) km*km

Measuring ranoe

AL/L %
quantization bit
data rate KWt s'1

calibration In orbft :
detector

"> at S/M = 100

MOS-A

755-768
4

756.7;760.6;763.5;766.4

1.4
< 2

0.343
13.6

83
29

2.82*2.87

0.1
40
0.3
12
4

Internal lamps (1
CCD L 172 C,

MOS-B

400-1010
13

408;443;485;520;570;615;650;685;750;
870;1010;

815^45 (water vapor)

10
< 6

0.OM
14.0

86
128

0.67*0.7

0.2
65
1.0
12
210

6 levels) and solar radiation

M I
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Tab. 3 Overview of German experiment* in the PRIRODA program

No. of
German
Exper.

1.1

1.2

1.3

2.1

22

2.3

a.4

2.5

3.1

32

3.3

3.4

short We

SAH-callbfstion

Atmotph./cloud ex-
per.CLEOPATRA

hydro), cycle water-
•oll-vegetaUon

spectral/struc-
tural anatytlt for
geology/ecology

forest economy
and landscape
ecology

appl. of RS
data for eco-
log.proeesses on
land

destruction of
tropical rainforest

Investof ocean-
atm. system

Investof ocean

eeotog. system
characteristics

Influence of
urbanisation on

spatial/temporal
dynamic of
agrtc.ecoparame-
ters

~fleld of investigation

-L,C,X-band calibration
-flttBchiTitnt and CIOM
calibration with ERS-I

-hydrol.cycle In regional
scale
-water, humility, pollution-
exchange and transport

-application of SAR-data
for soll-plant-at-
mosph.models — —

evaluation of tpectral/*
spatial slgnattirs of vario-
us regions

-data suitability of dlff.
sensors
-veget, heat, snow and
pollution distribution

data
-appl. for muHHemp. ana-
lysis
-long-time man-Impacts

-monitoring of destruction

burning
-appl. of nundsensor data

-monitoring of water types
-derivation of Chlor.aarc-
sols, atm.correction

.

rHhms
-regional dlstrib. of ChI1Sa-
dlment

-classlflc. of water cycle
connected land signatures
(IGBP)

-land using In Industrial re-
gions
-appl. for territorial planing

spat/temp, dynamics of
surface/soil parameters
for 2d/3d models

Region

DLR-airfMd

(OP)

DLR test site OP

DLR test site OP

N-alphw foothills
Sardegna
Kenya, Sahel

tost site Freiburg

tMt sites Lausrtz
(coal mines), Letz.
HeMe (forest)
Potsdam (urban land)

Amazon
Africa
Indonesia

dltf. test sites Atlan-
tic, Meaterr., African
upwelllng
Black sea

African upwelllng, W-
AUantlc, mouth of
Amazon

test she OP

tost site
Halle-Leipzig

Harz-mountalns

Pi/Institute

W. Keydel, DLR OP,
lnst RF Technology

U. Schumann, DLR OP,
?'i»t Atm. Phys.

W. Mauser, UnI Munich,
mat Geogr. & RS

J. Bodechtol,
UnI Munich, AGF

H. GoSmann,
UnI Freiburg, lnst
Phys. Geography

K. Marek, UVE
Remote Sensing Cen-
ter, Potsdam

G. Zhnmermann
DLR-C«ntor Berlin

Technology

G. Zimmermann
DLR-Centor Berlin
InstSpace Sensor
Technology

H* Si4QAl
lnst of Baltic Res.
Rostock

M.v.Schdnermark
DLR-Centor Berlin
InstFpace Sensor
Technology

R. Krônert
Environm.Res.Center
Lelpzlg/Halle

H.-R. Bork,
TU Berlin, lnst of Eco-
logy

V I-
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3.5

3.6

3.7

3.8

landsurface hy-
drology In MfDl-
arMe zoiw*

biophysical statu*
and yMd perfor-
mance of agricultu-
ral crops

forait damage
Monitoring

Umnol. proper-
He* of Lake Con-
dance

-désertification/climat
change
-•oil moisture change
-albedo and temperature

-growth related MW-back-
scflttorlnQ
-relation MW-b'scatt and
phys./blochem.ptant para-
meter*

-Investigation of Infocon-
tent/appllcanon of multl-
tentor data
-damage mapping

-appl.of apace- and airbor-
ne multlsen«or data for
param. retrieval

Central Spain Niger
(HAPEX)

test site
Koln-Aae-'ien

test sites Lausltz,
Saxon Switzerland

test «He
Uke Constance

H.-J. BoIIe,
FU Berlin, mat of Me-
teorology

W. Kiihbauch, UnI
Bonn, Inst of Plant
Cultivation

E. PeIz, TU Dresden,
Inst Photogr. & RS

H.v.d. Plepen
DLR OP, Inst Optoelec-
tronic*

W"1
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GLOBSAT/METOC : AN ALTERNATIVE APPROACH

FOR A EUROPEAN EARTH OBSERVATION PROGRAMME FROM THE POLAR ORBIT.

J.L. FEUX)US, J.P. DURPAIRE, D. SEGUELA, D. BRETON, A. RATIERC)

Centre National d'Etudes Spatiales

18, Rue Edouard Btlin
31055 Toulouse Cedex

France

(*) 2, Place Maurice Quentin
75039 Paris Cedex Ol

France

ABSTRACT

In the framework of its Earth Observation Programme, the
ESA has selected a set of instruments to be carried on a large
satellite using the Columbus platform. An alternative scenario
of three dedicated missions, based on moderate-size satellites
using recurring elements from ERS/SPOT, is proposed.
This solution, which meets the mission objectives, provides
better flexibility and resiliency with respect to financial
contingency, conflicting user requirements, difficulties during
development, launch and in-orbit operations. Having a
perspective of continuity, the missions will be in the future
under the responsibility of user entities. It is therefore proposed
to develop a pre-operational system which will be transferred
at recurring costs, after in-orbit qualification.
The results of a CNES feasibility study, including both space
and ground segments, for two components (GLOBSAT for
environment and MEFOC for operational meteo / oceano) are
presented. Concerning the ground segment, an integrated
network of stations compatible with several dedicated satellites
is described.

Keywords : Earth observation, atmosphere, meteorology,
oceanography, satellite.

A feasibility study, including both space and ground segments,
was conducted by CNES for two components called
GLOBSAT and METOC. The third one, not presented here,
could be mainly a SAR-dedicated mission, with resources
available to accommodate additional sensors. The feasibility of
this component is already demonstrated by ERS, JERS and
RADARSAT.
METOC is a comprehensive meteorological mission built on
the synergism of passive and active instruments, providing
atmospheric soundings of temperature and moisture, cloud
imagery, and surface measurements over the oceans, to be
assimilated in numerical weather prediction models. The
combination of microwave radiometers and an advanced
infrared spectrometer would ui particular represent a major
improvement over the current sounding systems. METOC
would also bring space oceanography to an operational status
after ERS 1 and 2, in flying a dual-swath scatterometer and an
altimeter on a dedicated orbit.
GLOBSAT combines several goals on atmospheric chemistry,
enhanced greenhouse effect, marine and land ecosystems and
earth radiation budget surveys. The atmospheric payload
associates limb/nadir viewing instruments observing in
different spectral areas ; the biosphere payload includes
MEK1S/ATSR and can benefit of atmospheric corrections from
other instruments.
After a discussion of the advantages of moderate-size satellites
versus large multimission platforms, the main technical results
of the feasibility study are presented.
The reader is invited to consult References (1) and (2) for extra
information on mission and instrument presentation.

1. INTRODUCTION

ESA has established mission objectives for its POEM 1
programme, and selected accordingly a set of instruments to be
carried on a large single satellite using the so-called Columbus
platform.
We propose an alternative scenario, with the same payload, on
three separate dedicated missions based on a family of
moderate-size satellites which use elements and sub-systems
already space-qualified within ERS and SPOT programmes.
This approach preserves the ESA mission objectives whilst
providing better flexibility and resiliency with respect to
financial contingencies, conflicting user requirements,
instrument and satellite difficulties during development, launch
and in-orbit operations. Considering that the ESA selected
missions have a perspective of continuity and will be placed in
the future under the responsibility of user entities, it is proposed
to develop, as soon as the first model, a permanent, pre-
operational observing system which can be transferred directly,
at recurring costs, after in-orbit qualification.

Proceedings of the Central Symposium of !he 'International Space Year' Conference. Held in Munich Germany. 30 March-4 April 1992
i£S4 SP-341 July 19921

2. MISSIONS OBJECTIVES

2.1) ENVIRONMENT LINE: GLOBSAT

MISSIONS:

The definition process of the GLOBSAT mission is based on
the analysis of the scientific priorities of the IGBP and the
WCRP and focusses on issues not already addressed by
existing or planned space missions. Its scientific objectives
belong to two streams :

- the understanding of the bio-geochemical cycles and
their impacts on atmospheric chemistry, and the dynamics of
marine and terrestrial ecosystems,
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- the monitoring of the concentration of radiatively
active gases and their climatic impact through the processes
which control the greenhouse effect.
The overall observational strategy, built in a perspective of
continuity, is optimized to collect space-time series of
measurements from a sunsynchronous polar orbit to be used
for the following research investigations :

- processes contributing to the greenhouse effect like
cloud/radiation interactions, carbon flux cycles through the
oceans and the continental biosphere, and the variability of the
concentrations of radiatively active gases,

- chemistry in the troposphere and stratosphere : global
budgets, trends and processes,

- dynamics of continental and marine ecosystems, in
response to climate and anthropogenic forcing.

Instruments and their synergtsm :
The GLOBSAT payload is composed of 7 instruments,
GOMOS, SCIAMACHY, IASI, MIPAS, SCARAB, MERIS
and ATSR. Their main characteristics and requirements are

presented in Table 1 and Ref (1).
The instruments, a subset of POEM sensors, were selected for
their individual capabilities and for their complementarity.
GOMOS, SCIAMACHY, IASI, MIPAS form the atmospheric
chemistry package. GOMOS and MIPAS (limb viewing
sensors) document stratospheric processes and trends, while
SCIAMACHY and IASI (nadir viewing sensors) measure
column-integrated contents or low resolution profiles of trace
species active in the troposphere and stratosphere in different
spectral bands from UV to IR.
The cloud/radiation interaction and greenhouse effect package
is composed of IASI, SCARAB and ATSR. IASI gives access
to greenhouse gases, temperature and water vapor profiles. The
combination of SCARAB broad band measurements at the top
of the atmosphere and IASI-derived profiles will allow to
reconstruct the surface radiation budget.
The ocean/land package includes MERiS and ATSR. They can
benefit from co-located ozone measurements by
SCIAMACHY for atmospheric corrections.

Instrument type

viewing geometry

Spectral range

Spectral
resolution

Total FOV

Spatial resolution
-vertical

-horizontal
Calibration
DBtBCtOfS

Power (W)

Masslkg)

Data rate (kbps)

Mission profile

GOMOS
Dual grating
spectrometer

limb
(star occultation)

250-675
758-9« nm

0.6 nm/0.07nm

W-90-antispeed

1.7km
(15 to 100 km)

self-calibrated
CCD matrix

104 (mean)

106

215

SOoccutl/orbit
night-daytime

SCIAMACHY
Seven-fold

grating
spectrometer

nadir/limb

240-2400 nm

0.1 to 0.2 nm

W- ir limb
+/-46* nadir

3 km (at limb)

25x25km(nadir)
sun

SiI-InQaAs

96

117

400

daytime + sun-
moon occultation

IASI
Fourier transform

spectrometer

nadir

3.4-15.5 |im

0.25cm-1

+/-5O- nadir

1 km to 3 km

15kmx15km
blackbody/space

CMT pc

153

76

1500 nominal rate
6000 high rate

continuous

MIPAS
Fourier transform

spectrometer

limb (emission)

4-14.6 |im

0.025cm-1

+/-22-anfepead
W-17*antisun

<3km
(8 km to 100 km)
30knu150 km
blackbody/space

InSb1CMT

173

165

600 low rale
4000 high rate

continuous

MERIS

grating
spectrometer
pushbroom

nadir

400-1 050 nm

1.25nm

+/-41' nadir
1400km

250 m/1 km
sun/lamp

CCD matrix

149

149

1800 low rate
24000 high rate

daytime

SCARAB
mechanical scan

radiometer

nadir

0.5-0.7/11-12
/0.2-4/0.2-50 urn

W- SO* nadir
2200km

40 km X 40 km
blackbVlamrVsun
pyro detectors

50

50

1

continuous

ATSR
Conical scan

radiometer

nadir

1.6-3.7-11-12
nm

500 km swath

1 km x 1 km
2 blackboules

CUT, InSb

100

62

213

continuous

Table 1 : Main characteristic* and requlramtrrti of GLOBSAT senior».

2.2) METEOROLOGY AND OCEANOGRAPHY LINE :
METOC

MISSIONS:

The primary mission of the polar component of the World
Weather Watch is to provide quantitative, accurate soundings
of atmospheric moisture and temperature. Since the late
seventies, NOAA has been providing the core of the civilian
meteorological polar satellite system with a dual series of

sunsynchronous TIROS-N orbiters. One spacecraft operates in
the morning with a solar local time between 7 and 9 and the
other one in the afternoon between 14 and 16 with an optimum
difference of 6 hours. Europe has to take the responsibility of
the morning service after the last satellite of the present NOAA
series. At this time, major improvements of the payload are
needed to allow further progress of the Numerical Weather
Prediction systems. The inclusion of an infrared sounding
spectrometer is in particular necessary to improve the accuracy
and vertical resolution of the atmospheric soundings.

ISY-Munich-March-92
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Scatterometer measurements are also essential to control
air/sea interactions, to drive operational wave forecasts, and to
enhance the nowcasting capabilities at latitudes not covered by
geostationary systems. We also propose to initiate continuous
altimeter measurements of significant wave height and
topography from this morning orbit, for marine applications
and ocean circulation monitoring for climate research.
METOC, thus appears also as a WCRP-dedicatal mission.

The NOAA/EUMETSAT instruments of METOC are VIRSR

(Visible/IR Scanning Radiometer), IRTS (IR Temperature
Sounder), MTS 1/2 (Microwave Temperature Sounder), MHS
(Microwave Humidity Sounder). This meteorological package
is supplemented by the IASI advanced sounder, a dual-swath
scatterouieter and an altimeter/POD package, providing also
(Jala to be assimilated in real time by numerical weather or
wave forecast models.
The characteristics and requirements of the METOC
instruments are presented in Table 2 and Ref (1).

Insttumenltype

Spectral range

Total FOV

Pixel at nadir

Calbration

Power (VV)

Mass (kg)

Data rate (kbps)

Mission profile

VIRSR
mechanical

scanner
7 bands

0.6-12|im
+ 60-

-90* space
l.lkm

Uackbody.sun,
space

60

72

1200

continuous

IRTS
muWbafid

mechanical scan
19 bands

3.8 - 15 urn
+ 51*
-72*

20km

Mackbody, space

72

68

2.5

continuous

MTS 1/2
microwave

spectra imaging
MTSl: 12 bands
MTSZ: 10 bands

448.T
-88.3-
45km

Waekbody. space

96

MTS1:60
MTS2:72
MTSI : 1.5
MTS2:1

continuous

MHS
microwave

spectra imagina
Stands

89-191 GhZ
•fST
-79*
15km

biackbody, space

120

72

4

continuous

t ;ATT
advanced

scatterometer
5.3QhZ

2x500 km at
650 km distance
50 km off nadir

-

246 (mean)

167

52

70% (sea)

RA
radar altimeter

13.8 Qhz-
3.225QhZ

+/-to-

-

-

110

88

100

continuous

Tâbto 2 : Ct)VKtertstte* Md raqrfrtnimU of nurin METOC MMon.(IASf SM IaH* 1)

\\v1
2J) THE THIRD LINE:

The third satellite, carrying the remaining POEM 1 sensor1 was
not included in the CNES feasibility study because there is no
complète consensus on the payload. It could be mainly devoted
to a SAR mission with high power and data rate requirements.
Despite the higl pi Unity for a SAR mission, a satellite of the
same size as GLOBSAT and METOC has extra capabilities of
about several hundred of kilogrammes and watts to embark
other instruments.
By the year 2000, a SAR mission should initiate the
commercialization of all-weather/high resolution satellite data
and should be designed and operated with a cost/efficient
approach. The commercial value is driven by the flexibility and
operability of the complete system including the satellite and
the ground segment which should be designed for a dedicated
commercial entity.

3. RATIONALE FOR DEDICATED SATELLITES

The ESA proposal is to embark all the FOEM-I instruments
on a large, single satellite using the new Columbus platform

1MIMR is on a NASA satellite

under development. Such a solution apparently presents some
advantages because it minimizes fixed costs relative to the
platform and launcher (at least when the initial investments
have been made), and provides simultaneous observations for a
larger number of instruments. The latter feature may appear
attractive to more users communities, which could represent an
important lobbying power to reach a decision. But it is in fact
less attractive for any given community, as a result of the
compromises needed between conflicting requirements. The
sequence of orbit cycles selected after a lengthy process for
ERS-I, though a much simpler mission, is a clear illustration
of this shortcoming. We consider that an alternative approach,
which consists in separating the overall observing system into
dedicated missions based on moderate size, quasi-recurring
platforms is by far preferable.
As discussed in the section above, this approach preserves all
mission objectives. The benefits of the autonomous scenario
relative to programmatic and technical aspects are detailed
hereafter.

3.1) PROGRAMMATIC ASPECTS:

As already mentioned, all the measurements involved have a
perspective of continuity either for meteorology,
oceanography, environment monitoring or commercial use and
will be transferred sooner or later under the responsibility of
user entities. With dedicated satellites, we intend to satisfy a
long term goal which is to develop a permanent observing
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system that can be directly transferred after in-orbil
qualification to the users entities at a recurring cost, as was
done for METEOSAT. This includes the participation of users
at all phases of the programme and in particular during the in-
orbit operations. We propose to develop a European family of
medium-size satellites sharing major elements, including
ground segment elements, where appropriate.
This approach provides better flexibility and resiliency in many
areas such as :

- financial contingency and cost : satellite development
and launch schedules can be adjusted to budget levels or
overcasts without stopping the whole programme. AU the
analyses undertaken show that there is no significant cost
difference between the 2 scenarios. We have a good
confidence in the results of the dedicated scenario which is
based on existing qualified solutions, while it is not the same
for the big platform which represents a significant challenge
(about 4 times ERS in mass),

- conflicting user requirements either during design,
development or in-orbit operations;

- Instrument delivery time : with dedicated missions, a
delay in instrument delivery time will only impact one mission,
the nominal schedule being unchanged for the others.

- launch and in-orbit failures : a launch failure is
obviously more serious for a large satellite. If the failure
happens in-orbit, the issue is no less crucial, the renewing
constraints have to be analysed and firm commitments have to
be agreed between the different partners before launch. With
dedicated satellite, risks are divided and each community can
take an autonomous decision.

- complexity and duration of the satellite development
pltn : it is clear that they increase with the number of
instruments and the size of the satellite.

- technical and scientific evolution : the development of
a typical satellite already takes a long time. The more the
satellite is complex, the more time and money it will take for
the first model and for upgrading to new scientific and
technologic standards.

- industrial work breakdown : with one satellite, there
will be only one prime contractor and this could lead to
overload work and monopoly situation with all potential
difficulties.

33) TECHNICALASFECTS:

Dedicated satellites optimize cost/efficiency, simplicity,
reliability for the greatest benefit of the users. Hereafter, we
briefly give the main advantages in the following areas :

-orbit : each satellite can be placed on the best orbit ;
GLOBSAT 850 km altitude and 10-30 local solar time ;
METOC 950 km and a local solar time between 7 and 9 ; for
the SAR a lower orbit and a 6718 local solar time,

- payload : its reduced size will be a great advantage not
only for ground handling but also for in-orbit behavior and for
the optimum use of existing qualified equipment,

-platform : it is possible to use a completely flight-
proven platform including ground test equipment, software and
space-to-ground interfaces at a recurring cost instead of
developing a new one.

-satellite : of course one will have simplified
development in particular for assembly integration and
verification phase,

-launcher : with medium-size satellites there are
extended launcher ,-portu u'.ies or possible dual launch with
Ariane 5, even on duferem orbits,

-operations : the in-orbit conflicts, either in nominal or
failure situation will obviously be reduced.

-recurring model for users entitles : there will be no
change between the first and.... recurring models, which is not
the case with the ESA scenario.

4. CNESFEASIBIUTYSTUDYRESULTS

A feasibility study, including space and ground segments, has
been undertaken in CNES and in the industry to provide
accurate scientific, technical and programmatic information for
a comparison between the "small dedicated satellites" and the
"large multi-mission platform". The main objectives were to :

- demonstrate the flexibility of the different satellites,
identify critical areas and establish budgets,

- evaluate the possible use of existing qualified
equipment and subsystems,

- maximize the use of common elements between the
different satellites in order to ensure a secure, short duration
and cost-effective development plan,

- verify the compatibility with an Ariane 5 dual launch
and assess the capability to reach different orbits in altitude and
solar local time,

- define a ground segment concept technically
compatible with the satellite missions at minimum cost
The system requirements and characteristics are presented in
Ref(l)and(2).

4.I)SPACESEGMENT:

Each satellite is composed of two main sub-systems, a
platform which provides the necessary services for in-orbit
operations fTM/TC, attitude and orbit control, electrical power)
and a payload module including instruments and their
associated equipment. It supplies thermal and mechanical
accommodation and electronic functions such as payload
management, data handling, recording and communications.
These 2 components are very modular, with simple interfaces,
and can be manufactured and tested separately. The satellite
final integration will be easy and limited to functional and
interface tests.
The in-orbit configurations of GLOBSAT and METOC are
presented in Fig 1 and 2.The platform for both satellites is a
Mark 2, as used in Spot 4 which is derived from Spot 1/2/3 and
ERS. The payload modules are specific but they have a lot of
similar elements deriving, for most of them, from SPOT/ERS.
The solar array is a new item derived from an ESA concept.
The mass and power budgets are given in Table 3. The 2
satellites belong to a 3 tons and 2 kw class. GLOBSAT being
less demanding than METOC has significant growth potential.

v . 1-



Basing on raaar measuremenis, n is possible to

1089

1

I
1L̂i

Fig. n* 1 : METOC In-oiWt connguratfon.

fe'
t-

FIg. n* 2 : GLOBSAT in-orblt configuration.

For launch, an interesting solution relative to cost is the dual
launch which is possible with Ariane S as it is shown in Fig 3.
Thanks to its upper stage restart capability, the satellites can be
injected into specific orbits with altitude and local solar time
differences up to 100 km and 35 minutes.
A typical schedule presented in Fig 4 shows that it takes about
five years for the development of the first medium-size
satellite. Of course for the recurring ones, it will take less
because most of equipment and sub—systems are qualified.

GLOBSAT I METOC
i.,' ' • IiMiT^nTmi •.' ; : iiX'ii

Payload Module
Bus
SduAiny
PnpMUin
Service Module
Satellite

725
707

143Î

m
158

1352

2784

825
368

39C

1589

1796

2M
150

150!
3300

1180
436

1
396

161«

39C
2012

Table n* 3 : Mess and power budgets. FIg n* 3 : GLOBSAT/MEFOC dual launch with Ariane 5.
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Hg n" 4 : Typical schedule of » moderate-size satellite.

42) GROUND SEGMENT

The Ground Segment is divided into two parts : the Control
Centre, linked to the Satellite Service Module, and the Fayload
Data Centre, in charge of receiving/processing the Instrument
X-band Telemetry and therefore, mission dependent
The general architecture of GLOBSAT/METOC Ground
Segment is given in Fig S and 6.
The results of our study show that it is possible to design an
integrated ground segment to manage several dedicated
satellites. This cost/effective approach demonstrates that most
of the equipment of the stations (building, antennas,
computer,...) , the software as well as the manpower can be
shared between the different missions.

THE CONTROL CENTRE

The Cont ol Centre is responsible for the satellite on its orbit.
It is the only entity allowed to send telecommands to the
satellite and to receive the housekeeping telemetry. It is
connected to the CNES/ESA S-band ground station network.
Its maui functions are the acquisition, the processing, and the
archiving of housekeeping telemetry, the orbit determination
and monitoring, and the satellite programmation (bus and
payload). Three to four passes per day and per satellite are
enough to ensure these functions.
As the Service Modules are identical for the three satellites, the
Control Centres can also be identical. Moreover, our study on
GLOBSAT/METOC and the SPOTTERS experience shows
that the same Control Centre is able to handle several satellites.
As the GLOBSAT/METOC Service Module is the Mark-2
bus, the Control Centre is widely inspired by the SPOT-4
Control Centre. Some of its elements can be entirely reused at a
recurring cost

THE PAYLOAD DATA CENTRE

The Ground Receiving Stations
The main driving constraint for the X-band ground receiving
stations is the "global mission" which requires to collect ail on-
board recorded data. The stations of the system will be selected
to allow one visibility per orbit for the dump of the recorder.
Kiruna associated with Fairbanks for missing orbits is a very
good solution, but one can also design a network based on the
association of stations at Kiruna + Canada + Europe. The
definitive choice for nominal and redundant stations cannot be
done before the final orbit is decided.
The local GLOBSAT data can be transmitted in real time over
X-band dedicated stations. The MFHt)C real-time data
(HRFT, LRPT) are transmitted using L-band and VHF over
dedicated stations and are not taken into account in this study.
The same antenna can be used for several satellites, as
demonstrated by SPOT, but this leads to orbit constraints -e.g.
same altitude for the satellites. If one rejects this constraint,
dedicated antennae are mandatory because there will be, in any
case, some conflicting visibilities. However, a global system
approach can be done to share study, development and a
maximum of ground facilities and manpower between the
different missions (for instance, back-up equipment).

The Paylnul Date Centre
The Payload Data Centre is in charge of the payload
management, the mission data acquisition and diffusion.
After collecting the requests for programmation from the
instruments, it works out an Operation Plan which is sent to the
Control Centre where it is encoded, and then uploaded to the
satellite.
The Payload Data is received at the Payload Centre and sent to
the different Instrument Data Processing Centres after high-
level preprocessing.

V . t
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The Instrument DaU Processing Centres
Each Instnunent Data Processing Centre is responsible for one
instrument, as well for the sensor itself as for the products
made from its mission telemetry.

DlRECTUSERS1

UVHFBATH)S

METEOPAYUMD
DATACENTRE

ENVPAYLOAD
DATACENTRE

Its main functions are : decommutation and validation of the
telemetry, generation of products and local broadcasting,
products archiving, instrument monitoring : quality control,
programmation (through requests sent to the Payload Data
Centre).

QLOBSAT

ENvVMTO
COMTROLCENTRE

ENVOFFICE MTOOFFICE

Fig n*5 : GLOBSAT/METOC Control Centre FIg n'6 : GLOBSAT/METOC Payload Data Centre

5. CONCLUSION

Two kinds of advantages have been identified in favour of the
multi-mission satellite. The first one is technical : the
simultaneity of observations ; the second one is more
psychological : the important force for obtaining a decision.
But, as soon as it is recognized that the missions do not require
simultaneous measurements, the comparison presented in this
paper shows that dedicated satellites are superior to the multi-
mission one, specially in a long term perspective.
Dedicated satellites provide better flexibility and resiliency in
many areas such as budget (particularly for contingencies),
conflicting user requirements, launch and in-orbit failures,
scientific and technical evolutions and distribution of industrial
work.
Concerning the technical aspects, the satellites can be
optimized, are by far simpler and more reliable.
Due to existing programmes like ERS/SPOT, the moderate-
size satellites rely on space qualified hardware and software
not only for the space segment but also for the ground which
can be designed to monitor several satellites in a cost effective

way. This heritage must be used to allow a short and secure
development avoiding overcosts.
But above all, the efficient preparation of the future is the main
advantage of dedicated satellites, specifically designed for the
user entities who will participate also to development and in-
orbit qualification. The complete system (space and ground)
will be transferred without modification at a recurring cost as it
was done for METEOSAT.
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ABSTRACT

An atmospheric chemistry mission will form part of the
first European polar platform mission POEM-I. This
mission will have two objectives, namely to contribute
to the monitoring of key trace gas species such as
ozone and to advance knowledge of species and
processes.
To achieve these objectives it is proposed to fly a
set of specialised chemistry instruments. Together
these instruments span a spectral range that extends
from the ultra-violet to the mid-infrared viewing not
only at the limb but also at nadir. The data from
these instruments will be enhanced by those from other
instruments also included on POEH-I.

Tha candidate instruments comprising the POEH-I
chemistry mission are briefly described in this paper.

Keywords: first European polar platform mission,
chemistry

1. INTRODUCTION

Public awareness of the potential vulnerability of the
environment to the activities of mankind has increased
significantly over the past few years and with it the
pressure to increase knowledge of the Earth/atmosphere
system. Fundamental to the satisfaction of this
requirement is the provision of data to:-

a) develop and verify predictive models of
the Earth's climate;

b) monitor the state of the Earth/atmosphere
system.

High in the priority list of topics that has to be
addressed is atmospheric chemistry; a field of study
that has been highlighted by concerns over ozone
levels.

Recognising this the European Space Agency has
included atmospheric chemistry amongst the topics to
be addressed by the first of its polar platform
missions (POEM-I). In so doing the Agency will
capitalise on European expertise in this area which
incVHes the GOHE (Global Ozone Monitoring
Experiment), due to fly on the ERS-2 satellite, as
well as that gained by European scientists as a result
of their participation in other programmes.

This paper outlines the overall scope of the proposed
chemistry mission on the first European polar platform
which is due to be launched in 1998. It is intended
to set the scene for the other more detailed
presentations by placing the various instruments
within the context of the overall POEH-I chemistry
mission. The opportunity is also taken to look
slightly further ahead to future missions and the
additional instruments that will have to be developed
to meet the evolving scientific requirements.

Z. THE POEH-I MISSION - BACKGROUND

Underlying the Agency's Earth observation strategy are
four clear objectives, namely:

1. Monitoring the Earth's environment on
various scales, from local or regional to
global.

2. Management and monitoring of the Earth's
resources, both renewable and non-
renewable.

3. Continuation and improvement of the
service provided to the worldwide
operational meteorological community.

4. Contribution to the understanding of the
structure and dynamics of the Earth's
crust and interior.

To address these four areas requires global data sets,
in many cases spanning decades. These data must cover
a wide range of disciplines as the themes generally
span traditional lines of demarcation between areas
of research and application. Furthermore, given the
synergism between both disciplines and instruments
necessary to realise objectives, missions will in
general have to be broader and carry more instruments
than has been the case in the past.

Consideration of the implications of trying to meet
the above criteria led the Agency to conclude that it
could make a major contribution to the basic
objectives of its earth observation programme by
implementing a series of missions in polar orbit
exploiting the European polar platform which is
currently being developed as part of the Agency's
Columbus programme. The first of these missions (i.e.
POEM-I) is due for launch in 1998 and has a nominal
lifetime of 4 years.
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This particular mission has three main objectives,
namely the continuation and consolidation of the ERS
missions, providing support to operational meteorology
and contributing to environmental and climate studies.
Included in the latter is the chemistry mission.

Reflecting this the list of instruments currently
being considered for this mission includes three that
have been specifically selected with this particular
objective in mind, namely:-

HIPAS: Bichelson interferometer for
Passive Atmospheric Sounding

GOHOS: Global Ozone Monitoring by
Occultation of Stars

SCIAMACHY: Scanning imaging Absorption
Spectrometer for Atmospheric
Cartography

Of these MIPAS and GOHOS are currently being developed
by the European Space Agency while SCIAMACHY is being
provided as an announcement of opportunity instrument.
Together they will provide the means to investigate
and monitor chemical processes not only in the
stratosphere but also in the troposphere and in higher
regions of the atmosphere.

These three instruments will now be considered
individually before discussing them as a complement.

3. corns
GOHOS is a limb viewing spectrometer which will
exploit stellar occultation to measure concentration
profiles of ozone and other trace species, plus some
related atmospheric parameters such as temperature and
water vapour, over the altitude range 20 to 100 km.
However, its prime function is to monitor ozone levels
globally.

It will operate in the ultra-violet, visible and near
infrared regions of the spectrum, viewing the
progressive attenuation of light from stars as they
set through the atmosphere (see Figure 1). For this
GOMOS will use a star tracker to locate and observe
selected stars. „'

There are two spectrometers in GOMOS, one of medium
spectral resolution operating in the ultra-
violet/visible and another of high resolution
operating in the near infrared (IR) as shown in Table
1. Of these ultra-violet/visible (UV/VIS) spectrometer
is of the primary scientific importance as it will
provide the data on chemical species. In addition
GOMOS will have two broad band photometers (6.50-
7.00 Mm and 4.70-5.20 \m] to observe atmospheric
scintillation.

GOMOS, like SAGE (Stratospheric Aerosol and Gas
Experiment) and other instruments that exploit the
occultation technique, is inherently very accurate as
it is self-calibrating, making direct comparisons of
unattenuated and attenuated spectral signatures. Thus,
over a 4 year period, it should be able to measure
decreases in ozone of as little as 0.05% per year.

Table 1

The Overall Characteristic* of OMOS

Channel Spectral Spectral Attitude Verticil Target
Range Resolution Range Resolution Species

Aerosol?
(ClOBrO)

I.7 km Temperature

UV/VIS 2.50-6.75 ̂ m 0.6 nm

IRl 7.56-7.73 ̂ m O.IZ nm

1H2 9.26-9.52 (Ui 0.12 nm

Note: Species in brackets can only be monitored under "ozone hole"
conditions

I

Figure 1. The measurement principle underlying GOMOS.
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The advantage of GOHOS over SAGE and similar
instruments arises from its use of stellar sources.
This will enable it to overcome the principal
disadvantage associated with the SAGE data, namely
poor geographic coverage (it relies on the solar
occultation}, while at the same time retaining its
strengths, namely its accuracy and stability.
Observing 25 stars of magnitudes of Z or greater and
assuming typically 14 orbits per day, GOHOS will
produce as much data as a global network of 360 ground
stations (Figure 2).

4. HIPAS

HIPAS is a limb viewing interferometer which is
intended to observe more than 20 important trace gas
species simultaneously, including the complete NO
family and several CFCs (chloro-fluoro-carbons), ovef
the height range of 5 to ISO km (see Table 2).
Aerosol, cirrus clouds and polar stratospheric clouds
should all be detectable. It is intended to provide
complete global coverage, for all seasons and
Independent of illumination conditions, allowing
diurnal variations to be measured.

Basically HIPAS is a dual port Hichelson
interferometer which will observe atmospheric
emissions in the mid infrared (i.e. 4.15 to 14.6 /un).
It will, have an apodised spectral resolution of
0.05 cm and will be able to view the atmosphere in
the limb between 80'-16O* and 160°-196° with respect
to the flight direction. This flexibility of viewing
direction, combined with the possibility of using
different scanning modes, operating both day and
night, is intended to ensure that HIPAS can observe
profiles of relevant species in the regions of
interest. It will have a vertical resolution of about
300 m.

Field

Source Gases

Table Z

The* «uosWrlc Pareaeters U be Miiiimd by HIPU

Altitude
Inge

upper troposphere to lower thermosphère

H O O CH "O upper troposphere to mésosphère
FfI FfZ FZZ CCI, upper troposphere to lower/middle stratosphere
CF. 4

HO NO.
CIO J

stratosphere
loner stratosphere under ozone hole conditions

Reservoir H O HNO stratosphere
Molecules N'O* ClO1O HOCI stratosphere. N O preferably at nlunt

Sink Specie* HHO stratosphere

Others OCS C H C H NH upper troposphere and lower stratosphere

Aerosol Particles up to about ZS km

Note: Plus thin cirrus clouds and polar stratospheric clouds In the upper troposphere
and loiter stratosphere

The combination of a very high spectral resolution
with wide spectral coverage will place HIPAS in a
position to provide detailed insights into a very
important part of the spectrum. Previous instruments
have had neither the spectral resolution nor the
spatial coverage. Of particular significance is HIPAS'
capability to observe the complete NO family plus
many CFCs. "

°«"'«™ «»«"*«« «h. .l»ospbere.f,te^^
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pai.,liIB rMft IeW t W (only Kllinc stars)
Speed IV.
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Figure 2. The geographic coverage of GOHOS.
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5. SCIAHACHY

SCIAHACHY is a spectrometer capable of viewing in both
the limb and nadir directions (Figure 3). It is
intended to observe the absorptions of solar radiation
by key species in both the troposphere and the
stratosphere:-

a) Troposphere - 0., NO,, N5O, CO, CO,, CH. andIUT piuï HCHO, so, AND* NO,
polluted conditions.

b) Stratosphere - O1, NO,, N2O, CO, CO., CH.,
H2O, HF AND BrO plus NO above
40 km and possibly OClO and ClO
under ozone hole conditions.

In addition SCIAHACHY will measure aerosol, cloud top
height and surface spectral reflectance (where the
surface is not obscured by cloud).

SCIAHACHY Is basically a spectrometer operating over
the spectral range of 0.24 - 23.80 /im with a spectral
resolution that varies between 0.2 nm and 0.4 nm
apart from between 10.00 im and 17.00 pm where it will
be 1.4 nm. In the nadir it will have a spatial
resolution, that can vary between 32x22 km and
200x960 knr over a swath of 960 km. In its limb
viewing mode its vertical resolution will be 3 km.

Its wide spectral range coupled with its high spectral
resolution, means that SCIAMACHY can exploit
differential absorption spectroscopy as well as the
"classical" BUV (backscatter ultra-violet) approach.
This represents a significant advance on existing
"BUV instruments as it should be possible to combine
the good geographic coverage of such instruments with
a significant increase in retrieval accuracy raising
for example the possibility of a significant
improvement in the data available for ozons
monitoring. SCIAMACHY is an evolution of the GOME
instrument which will fly on ERS-2

6. THE OVERALL CHEMISTRY MISSION

The data from the three instruments described above
should prove invaluable for monitoring changes in the
concentrations and distribution of key specias such
as O, and for observing the global distribution of
other species as well as for process studies. Together
the three instruments span a very important part of
the electromagnetic spectrum, making it possible to
obtain nearly simultaneous observations of O, and
related species such as the NO family (viz HITAS),
CO, CH. and the CFCs. This' is of fundamental
importartce as only by observing relatively complete
groups of species it will be possible to carry out the
quantitative calculations necessary to validate model s
and to confirm understanding of the processes
involved.

MESOSPHERE

STRATOSPHERE

O3•LAYER

Figure 3. The viewing geometry of SCIAMACHY
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monitoring which at present suffers from the lack of
an instrument capable of providing data of sufficient
accuracy and coverage to monitor trends. The current
generation of instruments does not combine these two
requisites (i.e. coverage and accuracy). The payload
of POEH-I includes instruments which seek to redress
this problem either by extending the coverage of
accurate occultation data (i.e. the use of st^rs by
GOHOS) or by exploiting a new technique which combines
accuracy with coverage (i.e. the use of differential
spectroscopy with SCIAHACHY).

In addition to its contributions to middle atmosphere
chemistry POEH-I will make significant contributions
to tropospheric chemistry. Here specific reference
must be made to SCIAHACKY which will provide
information on several key.species in this p*rt of the
atmosphere, notably O, and.CO. For ozon;'-it.^11 "be.
possible to derive concentration profiles=^ .911 as
column amounts. Further insights into this part 'if .he
atmosphere would be provided by the IASI instrument
(infrared atmospheric Sounding interferometer) if it
proves feasible to develop it in time for inclusion
in POEH-I. This is a nadir viewing high resolution
infrared sounder, primarily intended for high
resolution temperature and humidity sousings.
However, being an interferometer, it will also observe
parts of the spectrum of interest to atmospheric
chemists.

The data from these, specific chemistry instruisants,
will be supplemented by those from the other
instruments included on POEM-I. These, although not
primarily intended for the chemistry mission, will be
of great relevance to it. They will provide data on
parameters such as temperature and humidity profiles
and cloud and surface characteristics. Here, special
mention must be made of the MERIS (Medium Resolution
imaging Spectrometer) which maps ocean colour and
surface characteristics, the ATSR (Along Track
Scanning Radiometer) which measures sea surface
temperature and the wind scatterometer which measures
surface wind stress over the oceans. Both are vital
inputs to the tropospheric chemistry mission.

7. CONCLUDING REMARKS

Although wide ranging the POEM-I chemistry mission is
not totally encompassing as it does not include
instruments operating in the far infrared or in the
microwave and sub-millimetre regions of the spectrum.
This means that it cannot properly observe the OH or
Cl families both of which are of fundamental
importance to the chemistry of the atmosphere.

Accepting this the Agency has initiated activities
intended to redress these omissions including
scientific as well as technical studies. If these
initiatives are successful then instruments operating
in these parts of the spectrum will be included in
later missions as the Agency intends tc expand and
consolidate the ERS-2 and POEH-I chemistry missions.

However, in highlighting these limitations, it is also
necessary to emphasise the strengths of the current
POEH-I chemistry mission which by its very breadth
.will make very significant contributions to the field
pf atmospheric chemistry. It will provide the means
to confirm current theories as well as contributing
to the monitoring of O, and other key species. It will
also provide unique data for furthering understanding
and knowledge of tropospheric chemistry.
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at recurring costs, after in-orbit qualification.
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EARTH RESOURCES AND ECOLOGICAL SPACECRAFT

A. E. Kazakova, V. D. Kozlov
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ABSTRACT

Data obtained by space means plays an impor-

tant role in field of ecology and exploration of

our planet. Spacecraft for optical photographical

Earth survey offer valuable general-use data of

hi^h quality for many objectives.

This paper presents technical characteristics

of "Resurs-Fl" and "Resurs-F2" spacecrafts, des-

cribes their design, payloads, orbits and opera-

tion.

Keywords: survey, spacecraft, camera, image.

Information received from spacecraft is of

great value for solving the problems of Earth

natural resourses study and ecology. In this con-

nection the role of optical and photographic

spacecraft is growing since they provide multi-

purpose information for continuous use in different

fields, such as:

detection and stock-taking of natural resourses

icluding mineral, soil, vegetable and others;

intelligent use of natural resources including

planning and controlling the exploration consequen-

ces, site-engineerinc, water use control;

er.viromental perfection including estimation

and prediction of ecological aftereffects, resul-

ting from human activities;

solving fundemental, scientific & metho-'ologi-

cal and applied problems;

study of changing natural processes and pheno-

mena;

Earth surface mapping (including special-pur-

pose mapping).

Methods of solving ecological problems and

Earth resources study are based on taking the

Earth surface photographs with high resolution and

accuracy in different spectral bands. For this

purpose "Resurs-F" spacecraft have been developed.

They are of two kinds: "Resurs-Fl" has been in

operation since 1979 and "Resurs-F2" has been in

operation since 1987. Spacecraft main characteris-

tics are given below.

1. "RESURS-Fl" SPACECRAFT

"Resurs-Fl" spacecraft provides different

scale multizonal and spectrozonal Earth surface

survey. Spacecraft general view is shown in Fig.1,

(Star phatocamera tens hood \ Scientific
equipment
container

Trajectory- correction
engine

Fig.l. "Resurs-Fl" spacecraft general view.
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"Rçsurï-Fl" spacecraft consists of:

recoverable module, accomodating photographic

equipment, softlanding system and recoverable

-icx-iule seach-and-rescue system;

instrument module, nrcomod-'ting support equip-

ment:

retarding and trajectory-correction rocket

engine=.

Two KFA-IOOO long-focus wideframe cameras,

threr KATE-200 topographic cameras and a camera

for star-field survey at the moment of Earth

surface photography are installed on the "Resurs-

Fl" spacecraft. KFA-IOOO cameras are installed

for simultaneous photographic coverage of 147 km

strip by both cameras and photographic coverage

overlap provides stereoscopic pairs of pictures.

The spectral band of photography is 570-800 nm.

KM-IOUO lens focal length is 1000 mm. Frame size

is 300x300 mm (I t corresponds to surface area of

7 5 x 7 5 km at the altitude of survey 250 km). Each

camera provides 1800 frames for coverage of 16

mln. km! of Earth surface.

If brightness contrast is low, ground resolu-

tion is 6-8 m on black-and-white film and 10-12 m

on spectrozonal film and if brightness contrast

of natural objects is nonml, ground resolution

is not more than 5 and 8 m respectively. The

scale of pictures is 1:20000 and more.

KATF.-200 Dameras are arranged for simultaneous

survey of one and the sa-ne Earth surface area in

different spactral bands by three cameras (510-600;

t)i,'0-700; 70(J-s.5tl nm! and photographic coverage

overlap provides stereoscopic pairs of pictures.

KATE-200 lens focal length is 200 mm. Frame

size is I sOx 150 mm (It corresponds to Earth sur-

face area of 225x225 kmxkm at the altitude of

survey 250 km.). Each camera is provided with film

for 1200 frames, ensuring stereoscopic photography

of 27 mln . km' on the ground. Ground resolution

is 20-30 m if brightness contrast is low and if

brightness contrast is normal, it is not more

than 15-25 m. '!he scale of multizonal pictures is

1:100000.

The photographie equipment comprises "star"

camera for the spacecraft attitude references

fixing at the mDme.it of photographing (photogra-

phing of star up to 5 St. magnitude).

"Resurs-Fl" spacecraft flight scheme is given

in Fig.2.

Fig.2. "Resurs-Fl" spacecraft flight scheme.

The flight is controlled from the ground

telemetering stations.

Spacecraft on-board control equipment ensures

separate multizonal or spectrozonaL survey, so as

combined survey.

2. " K F ^ U K S - 1 - 2 " . -1 'ACKRAKI.

"Resurs-F2" spacecraft provides synchronous

multizonal and spsctrozonal (or chromatic ) photo-

graphy of Earth surface, with pictures hav'n«,

high photometric and geometric characteristics.

Multizonal photography provides high resolution.

"Resurs-F2" spacecraft general view is shown

in Fig.3.

•I



long term goal which is to develop a permanent observing

1 i

Selar army

Fig. 3. "Resurs-F2" spacecraft general view.

Vn? detail layout is the same as for "Resurs-

Fl". That is, the "resurs-F2" comprises: descent

vehicle, instrument module, retarding and trajec-

tory-correction rocket engines. 18 sq.m. solar

array, mounted on module with trajectory-correc-

tion rocket engine.

A uniqu= fo-jr-lens MK-4 cam=ra providing high

accuracv and a camera for s tar- fie Id survey are

installed on "rtesurs-F2" spacecraft.

MK--> canera four lenses are aimed at one and

the sa-ne strip on the ground and provide stereo-

scopic photography in four out of six spectral

hands U60-505, 515-565, 5SO-800, 635-690, old-360,

aOO-700 nm), the longitudinal overlap being a;cu-

rately estimated.

Focal lenaht is 300 mm.

Fra-ie size is 1 ^ 0 x j ? o n m x n m ( i t corresponds

to I V j x i y i !en x km of Earth surface if the altitude

of photography is 250 k in i .

Each of the four channels is provided with

fi lTi for 2>'~'0 frames or for stereoscopic survey

-t 2'J TiIn. km' r>~ Earth surface in every spectral

tj.j1C-

'!nund resolution is 3-? TI for multizonal

photography c on black-and-white film) and 3-12 ra

for spectrozonal photography.

^lulti zonal picture photometric absolute accu-

rst. :? 15" and photometric relative accuracy

1101

between channels is not more than 5"=.

High geometric properties of pictures provide

information for making 1:100000 scale maps and

raodifing 1:50000 scale -naps.

"Resurs-F2" spacecraft sch;me is shown in

Fig.4.

Fig.4. "Resurs-F2" spacecraft flight scheme.

The flight is controlled from the ground control

center, as well as for "Resurs-Fl".

MK-4 camera control is carried out by commands

from an onboard program device. A multizonal

camera provides surveying over all A band;; and

th= same time the pictures of stars tof 5 st.

magnitude) are taken by a star camera for outer

space orientation.

3. "RESURS-Fl" AND "RESURS-F2" SPACECRAFT

OPERATION DESCRIPTION.

Alongside with the development of photographic

equipmsnt for Earth surface photography with

required resolution and photocharacteristics,

thermal and pressure control systems, providing

high quality were designed and made. Methods of

orbit pictures parameter optimization for coverage

of certain areas and different-s~ale photography
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oc the same regions were worked out and applied.

'Ves'irs-Kl" and "Resurs-F2" are put into

•jrhit frmi Plesetsk cosmodrome by the "Soyire"

'launcher. Ih; spacecraft being orbited, the solar

arrav is deployed, and within 1-2 days the space-

craft is transferred tj the circulatin orb.t with

altitude between 250 and 400 km.

The schem e of spacecraft injection into

i|.=r:itLMn.il orbits is shown in Fig.5.

Calculait*
aria

Catculatid art it
tnrattwn roawuwr

Fig. 5. The scheme of spacecraft injection

into operational orbits.

Operational orbit parameters provide full

survey of Earth surface by cameras with photogra-

phic coverage cross overlap at predetermined geo-

graphical latitude or equator. Orbital maneuver

with tr.-ijectory-cnrreccion engine operation main-

tains the predetermined cross overlap.

"Hesucs-Kl" nas 2~j days of flight duration

I including 7 days of flight without orientation)

and takes pictures of sone of the regions of the

Earth twice. "Resurs-F2" has 30 days of active

existante and takes pictures of the whole Earth

surface twice or thrice.

These spacecraft have S33 inclination orbit,

ensuring th3 Globe survey. Survey altitude is
between 250 and 400 km.

Satellite orbital programme is developed on

the Earth,- trans lilted to satellite by command

and control system radiochannel and carried ; out

by onboard system; and photbcameras.

The orbital programma makes it possible to

take pictures of any predetermined areas on the

ground and to maintain the required satellite

orbit parameters with great accuracy. It also

provides descent vehicle recovery and further use

of stored data.

The exposed photographic film is recovered in

"Resurs-Fl" and "Resurs-F2" spacecraft descent

vehicles.

The spacecraft descent scheme is shown in

Fig.6.

lltf* OTTg..

SU dtntndini H/ nltrdiry panc/uiti
UV vitoaly up If SO mps.
tilt allilud, Vf Ia ~!7tei *m

/Pttarding porachutt arra=l8 sg m

jfain pttmchuft dfflaymtrtl
UU altitude up to ~27* St km

RH dncmding ty main panuflutl
nil vitenty up to to m.p s
tlain paracHutt arra*S74 30 ta

Soft landing rocktls firing
RiI btfonfy S TfLfJ

Fig.6. Spacecraft descent scheme.

The recovered exposed phntoj.ninhic f i l m \<s.

processed and infonnation is sent to users l'or

trultipurpose application.

4. PRODUCTS

"Resurs-F" spacecraft provide multizonal,

spectrozonal and chromatic photography. Various

types of black-and--«ihite, chromatic and spsctro-

zonal films give a wide range of black-and-white

and chromatic pictures.
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Oiund processing of space photos enables to on photographic pape'

the following products: transformed ~ am .-totransformed prints on

!hapositives'and'duplicated negatives; photographic paper;

contact black-and-white and colour prints on photographic black-and-white schemes, plans and

to^rnphic paper: maps (negatives).

•,inji-'-tion black-find white and colour prints '!Tie photoimage samples i was obtained with use

"Resurs-F" spacecraft are offered below.
"Resurs-Fl" spacecraft.

Fis.7. ?l
 Jto images vas obtained from KATE-200 cameras - on black-and white film on spectral bands:

a. 510-000 nm, Kira.=ioX; b. 600-700 nm, Kinc=10*; c. 700-350 nm, Kinc=i0*;

d. synthesis-image (spectral band 510-600 nm, 600-700 nm, 700-850 nm ) K =SX

* i ni~ -* *

v \
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Fig.; . -The spectrozonal photoimage was obtained from KFA-IOOO camera, f i l m lciyer zones-570-630 nm

and b-iO—.10 ran, Kinc=10x.

CONCLUSION

photography has great advantages

over conventional methods of Earth resources

= tud\ ind cnviromencal control uaios; Around-based

inri av ia i ion means. These advantages include

pr= iu t i ca lK unlimited v i s ib i l i t y , speedy acquiring

-,'. information, possibili t ies of dynamic chart-

-!akinE of various processes based on periodic

survev, ;,jng-ter™ use of satellite photos for

different purposes.

"Kesurs-F" spacecraft provide- Lnfurmal ion of

natural objects, phenomena and processes and envi-

ronment using remote sensing means-. This informa-

t ion is a p p l i c a b l e for fu r the r use i n deposit

exploration and other branches of na t iona l economy,

in environmental Contro l and for s c i e n t i f i c pur-

poses.
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REMARKS AND PROPOSALS TO ADAPT SOME EARTH OBSERVATIONS SPACE PROGRAMMES IN
THE PERIOD OF TRANSITION OF THE COUNTIES OF CENTRAL/EASTERN EUROPE; FOCUSED

ON ROMANIA

Prof.Dr.Nicolae Ch. OPRESCU

Civil Enineering Institute,Lab. of Remote Sensing
B-dul Lacul Tei 124.sect. 2,R-72302,Bucharest 38

Romania,Fax:400-127780
Romanian Space Agency-Department Remote Sensing

ABSTRACT

Are presented:
a) some of the transition period features
in the Central/Eastern Europe countries and
its implications;
b) our necessities in the remote sensing
field, in the order of the priorities;
c) the present situation in our country in
this field, the organization, the endowment,
the conception,some achievements and results
including some examples:
Are shown the basic features of the Space
Earth Observation Programmes, such as the
"Priroda"(Nature) programme,with suggestions
for their adaptation so that to correspond
to the needs and possibilities of the deve-
loping countries,and especially for Romania,
in the present stage and for future.

Keywords: remote sensing, space programmes,
developing countries,technological processes

1. SOME OF THE TRANSITION PERIOD FEATURES IN
THE CENTRAL/EASTERN EUROPE COUNTRIES AND ITS
IMPLICATIONS, ESPECIALLY REGARDING ROMANIA

Our country as well as the other Central/
Eastern Europe countries experiences a tran-
sition period in which come into being poli-
tical,economical,social , juridical, legisla-
tive difficulties etc;in brief and concrete,
these difficulties are referring to:
' the progress of the privatisation process,
concerning the change of the socialist state
economy into a market economy, especially in
agriculture and industry, as well in the o-
ther fields of the national economy;
• the abolish process of the centralism,will
bring in all the fields some deep changes
concerning the structure and the size of the
enterprises, as well as theirs activities;
1 financial and economical difficulties;
» problems concerning organization matters,
including the legal and juridical aspects,
international relations ; for example those
regarding the system of distribution and
circulation of the primary and derived re-
mote sensing data ( geometric and radio-
metric corrected ).
Our list of specific difficulties and needs
in this field is enough long and it refers to
the following matters :

• the lack of satellite data recordings (we
can use only 8 CCTs for 6 Landaat MSS sta-
tions, of 122 standard photographic products
for 22 stations,also about 1200 Quick-Looks
Kiruna + 1500 from Fuelno,as nell some spo-
radic Landsat TM recordings);in fact we do
not have yet a National Remote Sensing data
receiving and distribution Centre;
« the lack of standard specialised equipment
for processing the recordings for users;
• the lack of specialised literature,courses,
books, publications, auxiliary materials for
teaching , up-dating periods for teaching
staff;
• the necessity of improving and modernizing
our teaching system at all the levels,inclu-
ding specific audio-video materials;
1 the impossibility of joining the scientific
meet ings (sympos iums,conferences,congresses)
at the national and.International level;
•the difficulties or the lack ei internatio-
nal connections in this very dlnamic field in
Europe and in the World,needs the Improvement
of general frame-work of access into the
European Comunity

2. OUR NECESSITIES IN THE REMOTE SENSING
FIELD, IN THE ORDER OF THE PRIORITIES,
SELECTED STAGE BY STAGE, IN DIFFERRENT
SECTORS OF THE NATIONAL ECONOMY:

2.1 In the field of agriculture and cadaster

The problem of the agriculture and correlated
to this,the cadastre one, constitues a prio-
rity link in our country, maybe fundamental,
with special economical, social, political
effects.
For the allocation of the over five millions
titles of ownership which has to be achieved
in short time,1-2 years(beside some thousands
already temporarily distributed ) ,are nece-
ssary :
• the inventory of the present situation from
our country, at the macro and micro level of
the land use;
• the reconstitution of the situation exis-
tent before the collectivization ( it means
before 1958 ) ;
1 establishing the differences between the
two situations;
• the reorganization of the cadastre and its

Proceedings of the Cf- • il Symposium of the 'International Space Year' Conference, Held /n Munich, Germany, 30 March-4 April 1992
(ESA SP-341. July 1992).
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Figure 1. The measurement principle underlying GOHOS.
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up-dating in the new conditions of our
country ;monitqB-ing of the vegetation and the
efficiency indicators, the modelling of the
agricultural production prognosis for the
main tyMa of cereals, including advanced
system*, of agricultural information within
the European system,such as the HARS project
(Monitoring of Agriculture by Remote Sensing)

2.2 The introduction of a LIS (Land Infor-

nation System) containing:

In a separate diagram are presented in brief,
on stages,the options concerning our necessi-
ties and possibilities regarding the remote
sensing including the monitoring and mitiga-
tion of natural hazards and disasters, such
as catastrophic floods and earthquakes.

3. THE FRESENT SITUATION IN THIS FIELD IN
OUR COUNTRY

3.1 From the organization point of view

• the series of operations for the operatio-
nal and strategic management, based on sto-
rage, maintenance, processing, analysis and
dissemination of information related to the
land, for land registration and evaluation :
- linkages with remote sensing
- the use of all of these in formulating
and monitoring a land policy and serving
the land market;

2.3 Ihe pursuit of the master engineering

works impact over the territory ensemble;

• this is about the national hydro-ameliora-
tive system,about the hydro-energetic system,
about the Danube-Black Sea Channel ;
• this important works have major influences
over the coastal regime of the Black Sea,over
the floods and the hydrologie system and over
the limnology,etc;

2.4 The monitoring of the environment and

its preservation

• includimg its improument,especially in the
zones known as affected, as well as the one
potential for the future, from this point of
view, our framing in Danube Basin problems,
within the context of the Danube Delta and
the coastal zone of the Black Sea,const 1tues
a necessity of first order;

2.5 Thematic mapping.

After our revolution of December 1989,the
Romanian Space Agency has been recently set
up,which has in its structure 9 divisions:
•telecommunications and teleinformatics;
remote sensing; geophysics, meteorology and
astronomy; structures, materials and space
technologies;space opérât ions,space transpor-
tations, biology and space médecin; space
sciences; space Law Uo be seen the diagram
from the picture 1)

In what concerns the Remote Sensing Division
this has been conceived and structured, as
follows: the workshop for thematic mapping,
the workshop for field radiometry and sam-
pling, labs for users and the National Centre
for the receiving, archiving, storage and
dissemination of the remote sensing data,
(to be seen the diagram from the picture 2)
Including the library and the Remote Sensing
Bulletin, other specialised publications.

The principles which are the basis of the
setting up and working conception of the
Remote Sensing Division are referring at:
• descentralisation (small processing centres,
interpretation and analyse directly to the
users),modularity, flexibility, adaptability
and efficiency;
•Consulting activity,"ad-hoc" working groups,
conferences,recycling ; foundat ions,sponsors.
The activity is focused over the methodolo-
gical ,tehnological aspects,direct applicable,
including specific and suggestive case stu-
dies.

3.2 Cur endowment
linked to the : land use studies, soil-vege-
tation studies,coastal zone studies,forestry,
rural and urban planning in the new condi-
tions.

in the remote sensing field is quite restric-
ted: beside the two Robotron technological
lines which even initially were scientlfical

A S R O
Romanian Space Agency

President
First Vice-Président
3 Vice-Présidents

Secretariat

D E

Telecomm. Remote Geoph. Structures,
& Teleinf. Sensing Heteo & materials

Astronomy & Space
technolog.

F A R T M E

± -.

Space
operations

N T S

* I •*• •*• .I — * — ,
Space Biology S. Space Space
transpor- Space sciences Law
tations medicine

Fig. 1 Structure diagram of the Romanian Space Agency
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REMOTE SENSING DEPARTMENT

•• . i
National

Centre for
dissemination,

of RS Qa**

W ^

W. G. process ng
of video-

information

Data

and

F- ^
Bases

LIS

if ^
W. fl. Thematic

mapping

W ^

RS Labs, at

the users

r

Library, RS
Bulletin,

Foundations,
sponsors

Fig. 2 Structure diagram of the Remote Sensing Department - ASRO

W.G. - Working - Group; LIS - Land Information System

old fashioned, a ERDAS installation was
bought,including spectroradiotrometer of GER
type,also a. EXOTECH 100AX radiometer equipéd
with the afferent filters for the Landsat
MSS and TM channels (without thermal band).
For the rest, attempts have been made and we
are still trying Hith some unspecialized
apparatus to process the video-informat ion,
which brought us only limited results.

In practice, the introduction of the remote
sensing in our country worked within the
frame of research agreement with NASA "Use of
Landsat data for natural resources investi-
gation in the lower Basin of Danube and
Danube Delta" Cor which a large number of
organizations and specialists from different
parts of the national economy have been
rallied. The main results obtained can be
concise enumerated:
• the RS programme enjoys an ever greater
interest within a large range of specialst
in various domains of activity and government
staff; specialists and workshops have been
promoted in different fields of activity
(processing technologies, for interpretation
and analysis of the recordings for the users)
so that the remote sensing to be considered
and used as a help- for this stage - of the
conventional methods;
• not only résultes of the attempts and
experiences have been obtained in the field
of geomorphology and geology-geophysics (the
latter is partialy operative) using the
existent equipment (slide); the geomorpholo-
gical evolution of the Sf. Gheorghe branch
for 20 years,is shown in slides ;
1 also there are to be noticed the results
in the field of vegetation mapping,especially
in Danube Delta, in the studies of soil-
vegetation as well in the field of the coastal
and interior water pollution,"red bloosoming"
type in two stages : the cold season and the
warm one /picture 3/
4. REGARDIHG THE "PRIRODA"(NATURE) PROJECT

This is a great and complex programme, very
ambitious and which constitues in fact the
synthesis and capitalization of some other
programmes developed in the previous years :
Susa" [The Land) which becom*"The Geosyatem",
The investigation of the planetary ocean
«nd the interior water bodies","The COSBO-
metry","The Cosmogeoinformatics". These pro-
grammes requested a great material and human
effort.based on international co-operation.
In connection with the space programmes for
remote sensing generally, and also with the
Prlroda " project, ("Priroda" was conceived

at global and regional level) some observa-
tions and proposals are to be made from our
point of view,intending as it is possible
these programmes to be profitable for the
developing countries too;
> the necessity that the space programmes
will refer also at subregional, territorial
and local level too,with hierarchical treat-
ment of problems, and to turn into profit in
steps (in each step). For this, are selected
from the whole experiments those specific to
us, according to priorities;
> the conceiving and impplementation of some
integrated technological processes,complete,
nearly standard for the direct users, with
producing of respective accesibile devices ;
transfer of Know-How type technology , with
direct application with finality under the
form of case studies (e.g. for Danube Delta,
within the problems of the whole Danube Ba-
sin) ;
• the regular and safe receiving of the ca-
talogues,of the current and historical recor-
dings, access to the data bases, to the docu-
mentation,to the programmes(MARS,Cor1ne,Phare
type, ZOPF systems, Tempus.etc);
• the effective international co-operation ;
our reentrance in Europe can be effectively
done also from low to top level;
• to ensure the specialization and up-dating
of the staff;
• to be available: the structure and status
of the different National Space Agencies, of
the departments of Remote Sensing; of the
national RS distribution centres;
• to create an up-to-date multilingual dic-
tionary and glossary of terms for remote
sensing.

S. THE PRESENT CONCEPT

In a essential mode,the present concept for
the continuation and development of the re-
mote sensing in our country can be concise
presented,as follows:
•in principle,to activate over the links from
the technological process chain that are
available for us;
• the positioning of the classic-conventio-
nal determinations-observations on the sate-
llite recordings; (to te seen fig. 4);
• radiometric field and airborne measurments
( using even a mini-plane, for the fact that
today one hour foto-flight coats 100.000
lei!) these measurments must be simultaneous
or near simultaneous with the satellite re-
cordings; the adequate repetivity and sequen-
ce on the background of the airborne-sate-

V I-
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Fig. 3 The "red blossoming" - biological pollution - of ooastal and the interior
wo tara bodlw.oan be followed on the suggestive Land tat rsoordings tn
different periods: 13.06.1975 (left), 5.06.1981 (middle) and 26.02.1976
(right):shannels 6,4, respective 5

llite recordings performed at characteristic
intervals of time,makes possible the achive-
ment of data-bases, ira monitoring and prog-
nosis for slow.mediu.. md fast variations in
time of the objects and phenomena;
> we insist on the calibration of the data
and on the procedure of the sampling in a
specific way,with progressive sampling,selec-
ted by both spatial and frequency domain,
using DEH & DTH (Digital Elevation Model and
Digital Terrain Model ) as well as roughness
determinations, by filtering;
• the development of the research and expe-
rimental polygons multi and inter-disciplina-
ry (some examples are shown in slides )
• the holistic and respectively integrated
•pproach for the treatment and solving of
the problems.

CONCLUSIONS

The countries of Central/Eastern Europe,in-
cluding Romania, have an important scienti-
fic and technical tradition; in a variety of
fields there is a significant level of exper-
tise, but this has often been undervalued
c-id under used. Coopérât ion between centres of
excellence in the Community and Central and
Eastern Europe will bring benefit to both
sides.
There are, of course, a variety of technical
resource limita', "ons which impede the
development of remote sensing applications
in Romania.Vie hope that in the near future
these difficulties will exceeded, in the new
conditions.
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Pig. 4 The track of the great deltaic profile and sea positioning (right); the
same profile recorded aerophotographically (left); in the middle - our
basic field laboratory on the pro? lie, me inly for radiometric measure-
meats and conventional ones
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OBSERVING THE NORTHEAST ATLANTIC WITH NOAA-N AT THE UNIVERSITY OF USBON SPACE
OCEANOGRAPHY FACIUTY
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Grupo dc Oeeanografia, Departamento de Fïsica, Universidade de Lisboa
Rua da Escola Politécnica, 58-1200 Lisboa - Portugal

ABSTRACT

A general description is presented of recent activities of the
University of Lisbon Group of Oceanography in the domain
of satellite oceanography. A fully equipped Space
Ocenography Facility was installed in December 1990,
which includes a complete system for receiving, processing
and archiving HRPT data from the NOAA-N satellites. This
Facility constitutes the backbone of the SATOCEAN Project
whose objective is the development of the Portuguese
capability in the domain of satellite oceanography and of its
application to marine resources exploitation and
management in a large region of the Northeast Atlantic
including the coastal seas and the extensive Exclusive
Economic Zone of Portugal.
Under SATOCEAN, a comprehensive programme of marine
research and applications is being conducted with the
support of NOAA/AVHRR data, including studies on the
fine thermal structure of the upper ocean and on algorithms
for the retrieval of sea surface temperatures (SST) from
satellite infrared measurements, a research on the spatial
structure and the temporal variability of SST in the NE
Atlantic, an investigation on coastal sediment dynamics, and
a large sub-project aiming at the operational support to
fisheries.

Keywords: Satellite Oceanography, Sea Surface
Temperature, Suspended Sediments, Portugal.

!.INTRODUCTION

Maritime remote sensing activities in Portugal are conducted
mairây by the Group of Oceanography of the University of
Lisbon. These activities started about 15 years ago with the
use of airborne infra-red radiometry and of analog TIkOS-N
infra-red images for studies of the dynamics of the
Portuguese coastal upwelling system (Fiûza, 1983 - Ref.l).
More recently, these activities weie considerably
strengthened under the "Development of Satellite
Oceanography in Portugal - SATOCEAN" Project, which is
sponsored by the NATO Science for Stability Programme.
SATOCEAN includes the following sub-projects, most of
which are centered on the use of NO A A/A VHRR data:
(i) "SAT-FACILJTY" - establishment of a Space

Oceanography Facility for receiving, processing,
analysing and archiving data from the NOAA-N and
the METEOSAT satellites;

(ii) "UPGRADE SST" - improvement and testing of existing
algorithms for retrieving sea surface temperature (SST)
from satellite data (basically from the
NOAA/AVHRR);

(iii) "SST CLIMATOLOGY" - investigation of the space
and time scales of SST variability in the eastern North
Atlantic using the available 10 years long
NOAA/AVHRR-2 data base;

(iv) "SEA PIGMENTS" - investigation of the space and time
distributions of phytoplankton pigments in the upper
ocean off the coast of Continental Portugal as derived
from the Nimbus-7/CZCS, and of their correlations
with SST;

(v) "SEDUTO" - application of satellite remote sensing
methods to the study of coastal sediment dynamics;

(vi) "SATFISH" - development of research and operational
programmes to apply satellite remote sensing methods
to the support of the Portuguese fisheries (sardine,
swordfish and tunas), with the participation of fishing
companies and cooperatives;

(vii) "EDUCATION" - development of educational
programmes at both high-school and university levels,
designed to promote the use of satellite oceanography
and its applications.

The present status of the fisheries component is presented in
detail elsewhere (Santos and Fiûza, 1992 - Réf. 2). The
SATOCEAN activities involving the use of NOAA/AVHRR
data will be briefly reviewed in this paper.

2. THE SATOCEAN SPACE OCEANOGRAPHY
FACILITY

In December 1990, a complete hardware and software
system for receiving, processing and archiving NOAA/HRPT
data was purchased and installed at the University of Lisbon
Group of Oceanography under the SATOCEAN Project.
The hardware presently available at this Space
Oceanography Facility includes: (i) a HRPT reception
system constituted by a Telonics THRPT-2B unit (antenna,
feed, amplifier, downconverter, dual-frequency receiver,
positioner and controller, and bit synchronizer) and a
SeaSpace DAS-I data acquisition sub-system (HP Vectra,
300 Mb internal disk, frame synchronizer, and interface to
SUN SPARCstation 1+); (ii) a computational environment
which includes three SUN SPARCstations 1+, two 669 Mb
SCSI disks, alphanumeric terminals, DAT (digital audio
tape) drives, a 1/2" tape drive, several graphic output devices
(HP LaserJet ffl, HP DeskJet Plus, HP PaintJet colour
printer, AGFA/Matrix Multicolor film recorder), and floppy
disk and CD-ROM drives. All this hardware is
interconnected through a Local Area Network (LAN).
Apart from image processing software which was mainly
developped and used by the SATOCEAN team previously to
the acquisition of the Space Oceanography Facility, an
extensive suite of image processing and analysis software

v I-
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(TeraScan) was also acquired and is now in current use at the
Facility. "-: "--- - ---^ -
The area within the data acquisition range of the Facility

.NOAA/AVHRR receiving system includes most of the_
Mediterranean Sea and a large region of the North Atlantic,
extending meridionally from Scandinavia to the Cape Verde
Islands, and reaching westwards as far as Newfoundland.
Data from six to eight daily passes of the NOAA-N
(presently NOAA-IO and NOAA-Il) are regularly received
and have been stored in the Facility's DAT archive since
December 1990. Data from all passes are subjected to a
preliminary processing stage that includes image navigation
and the preparation of composites of contiguous passes using
NOAA/AVHRR channel 4 (10.3-11.3jun) data. A browsing
archive of colour sliriis containing all images in a common
map projection (siereopolar) is continually updated; Fig.l
shows an example of this product.

3. SEA SURFACE TEMPERATURES FROM NOAA-N
DATA

Sea surface temperature maps of severa! regions of the NE
Atlantic are prepared routinely and/or for specific
applications at the University of Lisbon Space Oceanography
Facility using NOAA/AVHRR data. Fig.2 shows as an
example one of these SST charts which was obtained at the
peak of the summer upwelling season; the cold signature of
the upwelling waters is quite clear in this image over the
whole shelf of the western Iberian Peninsula and mesoscale
filaments and eddies are seen to interact offshore.
As part of the effort being conducted under SATOCEAN to
test the available algorithms for retrieving SST from

NOAA/AVHRR data, an experiment was conducted at sea
off the west coast of continental Portugal L-. 1988. This
experiment involved simultaneous in situ temperature
measurements with a research ship, and .remotely sensed
SST using airborne infra-red radiometry arid NOAA/AVHRR
multichannel observations. The ship's data consisted on
continuous underway digital measurements of the
temperature of sea water pumped directly from a depth of
about 3m into a reservoir in the ship's laboratory, using an
accurate CTD system. The aircraft observations were made
at an altitude of only 150 m (to minimize atmospheric
effects) along the ship's tracks in the early afternoon of two
different days, employing up- and downward looking infra-
red radiometers (ibr correcting reflection effects on the sea
surface). The satellite data were carefully navigated and
processed into SST using many of the existing multichannel
algorithms. The three data sets were rnmpared
systematically taking into account their different resolutions.
The main conclusion of this experiment was that the
remotely sensed temperature of the skin of the ocean
computed from the airborne measurements and from the
satellite data, using two of the currently available
algorithms, agreed to within 0.1 0C. On the other hand, these
remotely sensed temperatures diverged strongly from the
simultaneous in situ ship measurements, reaching
differences of more than 1.0 °C under very calm wind
conditions; the ship's temperatures had lower values than
those obtained vith the remotely sensed data, thus giving an
indication of the local formation of a diurnal thermocHne at
the time of the experiment (Oliveira and Fiûza, 1992 - Réf.
3).
Thermal effects in the upper layer of the ocean, such as those

Fig.l - Reproduction of a slide from the browsing archive of NOAA-N data manlained at the University of Lisbon
Space Oceanography Facility.



related with the "skin" temperature and the formation and
decay of the diumal thennocline, are currently being
investigated under SATOCEAN using a large instrumented
buoy, in the frame of a joint experiment with US colleagues
in mid-1992, and a combination of satellite-tracked surface
drifters equipped wilh thermistors, ocean temperature
profiles obtained with shipbome XBT (expendable
bathythermograph) systems, and NOAA/AVHRR data.
Another important activity related wilh the use of satellite-
derived SST which is being conducted under the
SATOCEAN Project, consists in the analysis of the space
and lime structure of the SST in the NE Atlantic, using a 10-
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18 km. A preliminary analysis has demonstrated a need Io
re-arrange the data set Io lower time resolutions as a
consequence of the sampling distribution, which is
necessarily heterogeneous due to varying cloud cover. On
the other hand, this analysis has also shown that the
available data set has a considerable potential for
investigating the mesoscale thermal structure of the upper
ocean and its variability in the region of interest, for instance
in relation wilh the Portugal-Northwest Africa upwelling,
wilh island effects (Azores, Madeira, Canaries), and with the
Azores Current/Subtropical Front.

Fig.2 Sea surface temperature distribution aft' the western Iberian Peninsula in August 26,1985, processed from
NOAA-9 data at the University of Lisbon Space Oceanography Facility

year long data set prepared by the Rosenstiel Schcoî of
Marine and Atmospheric Sciences (RSMAS} of the
University of Miami, which was made available through the
Ocean Data Group of the NASA-CalTech/Jet Prcpuision
Laboratory. This data set was constructed by RS'vi.AS from
NOAA/AVHRR-2 data obtained from 1981 Io 1990, using a
multichannel algorithm (MCSST;, and is constituted of
weekly SST composites with a spatial resoliiiion of 18 km x

4. COASTAL CIRCULATION AND SEDIMENT
DYNAMICS USING NOAA-N DATA

Under SATOCEAN several studies on the Portugal Current
System have been carried out by the University of Lisbon
Group of Oceanography using NOAA-N imagery. Also a
research programme is being conducted jointly by the
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Geological Survey (Services Geologicos) of Portugal and the
University of Lisbon with the objective of using satellite
data for the study of the transport of suspended sediments
along and across the shelf of Continental Portugal.
This region is characterized by strong land runoff along the
northern half of the Portuguese west corct and by a very dry
regime southwards, with the local exception of the Tagus
outflow. The circulation regime offshore is dominated by
coastal upwelling during the summer half-year, with
upwelled cool low-salinity Central Water occupying the
shelf, a southward surface jet flowing over the upper
continental slope, and filament-like prolusions extending
seaward for hundreds of km, as illustrated in Fig.2 (Ref.l;
Fiûza, 1984 - Réf. 4; Sousa and Fiuza. 1989 - Réf. S). In
winter a general situation of coastal convergence and vertical
convection prevails over the Portuguese shelf, except where
the strong runoff of the rivers of northern Portugal originate
plumes of stratified water. A study conducted jointly by the
University of Lisbon and the Scripps Institution of
Oceanography, where sequences of NOAA-N infra-red
imagery and results from an océanographie cruise where
used, demonstrated that during the winter the main ft.-'uie of
the longshore circulation is a narrow surface jet flowing
poleward along the shelf break off western Portugal,
northwestern and northern Spain, and even southwestern
France, which transports northwards warm and relatively
saline water of subtropical origin (Frouin el al.. 1990 - Réf.
6).
In what concerns sediment dynamics attempts are underway
in the frame of SATOCEAN to employ data from the visible
and near-visible channels of the AVHRR. For instance,
preliminary results, using imagery obtained with NOAA-
11/AVHRR channel 1 data, illustrate the presence of plumes
of suspended sediment extending for about 10 Ion offshore
from the mouth of several small rivers along the Portuguese
west coast, after a few days of intense precipitation

5. CONCLUSION

The activities described above demonstrate the usefulness of
a satellite facility capable of receiving, processing and
archiving NOAA/HRPT data for océanographie studies and
marine applications. The remote sensing capability of the
University of Lisbon Space Oceanography Facility will soon
be considerably increased with the acquisition of a complete
MtItOSAT receiving and processing system, which will
operate in the same presently existing (UNIX) CP ironment.
The joint c î of NOAA/AVHRR and METEOSAl data is
planned for the very near future, mainly for atmospheric
correction of the AVHRR measurements using the cloud and
aerosol identification capability of the METEOSAT sensors,
and for calibrating the METECSAT infra-red channel using
the AVHRR data, thus vastly extending the range of the
capability of SST mapping of the Facility. Other synergistic
uses of data from different sensors and/or different satellites
are also planned by the SATOCEAN team, specifically
through the use of already existing data from the passive and
active sensors on board the ERS-I and from the passive
microwave SSM/I sensors on the DSMP satellite, as well as
of colour data from the SeaWiFS, to be launched on the
SeaStar spacecraft in August 1993.
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ABSTRACT

ESA and EU METSAT have decided that the Second Ge-
neration METEOSAT (MSG) will remain - as the corrent
operational METEOSAT (MOP) - a spinning satellite,
though a larger spacecraft.
Thus, the concept of a spin scan Imaging radiometer will
be maintained. The MSG SEVIRI Instrument has been
designed in an ESA Phase A Study agalnstslgnlflcantly
more stringent requirements than the current radiometer:
with 11-13 spectral channels between 0.45 and 14.6 urn,
reduced sampling intervals, i.e. higher spatial resolution,
and af actor 2 higher repetition rate plus higher raw image
data quality requirements.
Among the various spectral channels are imaging chan-
nels in the atmospheric windows from the visible to 12.5
yun as well as a set of " pseudo-sounding channels" ,inclu-
ding an ozone channel. Thus, the mission scenario Is
much wider than the current MOP's system.
The paper describes to some extent the enhanced mis-
sion scenario as cafined by ESA and EUMETSAT, inclu-
ding the global change monitoring aspects. Emphasis Is
on the instrument design approach in response to these
requirements. A planning survey will be Included

1. INTRODUCTION, SCIENTIFIC OBJECTIVES

METEOSATis an operational meteorological satellite as
an integral part of the WMO geostationary weather and
environmental observation system (including the Ameri-
can GOES and the Japanese QMS).
The current operational systems have a limited environ-
mental observing capability except the GOES-VAS In-
strument, which has an add-on sounding part.
GOES-Next and MSG will Increase their mission capabi-
lity towards global environmental and Its change monlto-
rlng significantly, as briefly summarized below InTab. 1-1.

Of the below listed spectral channels, the HRV (High-Re-
solution Visible) channel has 1 km sampling distance, see
also Fig. 1 -1, and the channels 4.5,9.7 (ozone) and 14.0
lim are optional channels.
All channels except the HRV have a 3km sampling interval
In East/West and North/South scan direction with a V2
overlap of the 4,2 km pixel size, see FIg. 1-1.
Further mission requirements are summarized below In
Tab. 1-2:

Spin Rate:
Repetition rate, total:
Scan Range:
Scan Format:
Scan Step Size
Scan Position. Accuracy:
Repetition rate, effective:
Calibration time + stabilisation
Channel-to-channel co-registr.
Inter-channel MTF:

NEaT/Callbration Accuracy:

100rpm
1SmIn
20" x 20°
17.4-E/Wx 17.28°N/S
51.9 arcsec (9 km)
1.7 arcsec
12min
3 mln (10 s effect.)
375 m (2.2 arcsec)
< 10% delta between
IR window channels
0.25K.

In terms of global environmental monitoring, the 15 mln re-
petition time of the data, and the constance of the observa-
tion conditions except the seasonal effects. The higher
spatial resolution of all channels adds to the environmental
monitoring capabilities of SEVIRI.

2. TECHNICAL > STRUMENT DESCRIPTION

The total SEVIRI instrument Is subdivided into the follo-
wing main subsections, also Indicating the team responsi-
bilities in addition to the MATRA Marconi Space Prime
Contractor role:

.t-

Tab. 1-1:

MISSION 03JECT1VE

• Meteorlog nowcasting

• Inputs Io mesoscale rv. IB-

cal weather models

• Surface & cloud lop tempe-

rature, profile, pressure

• Climate & Environm. Monit

- Water Vapour

• AIr Mass Determination

• Convection MonitO'ln'

• Global Vegelal'on Index

RELEVANT CHANNELS

IMAGING CHANNELS

HRV

X

X

X

M

06

X

X

X

X

08

X

(X)

X

(X)

X

16

X

X

X

X

X

38

(X)

(X)

(X)

X

~,7

X

X

X

X

(X)

(X)

tO.B

X

X

X

X

120

(X)

X

X

(um)

PSEUDO-SOUNDING CHANNELS

4.5

X

X

6.2-

X

X

X

7.3

X

X

9.7

X

X

X

34

X

X

X

X

14.0

X

* officially no sounding channel

Praceecfinos of the "entra/ Symposium of the 'International Space Year' Conference. Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341, July 1992)
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Fig. 1-1: (

alfoim
Orbit

mage format

mage cycle

Visible

Water Vapour

•3 IR window

1

Pseudo sounding

Sampling distance

Pixel size

Number of detectors

Telescope diameter

Scan principle
IR dcL cooling
Calibration

Inter channel registration

Dimensions

Mass

MOP
Spinner 100 rpm

Geostationary (0°,0°)

ft
30 mn

(broadband)

WV 6.4

IR 11.5

2.25 km (Visible)
4.5 km (IR + WV)

2.5 km (Visible)

^
S km (IR 4- WV)

[T] rn
5

400mm
Rocking telescope

Passive cooler 90 K
IR (internal)

-

0.78 m x 0.80 m ; H = 1,35m

55kg

MSG-SEVIRI

Spinner 100 rpm
Geostationary (0°,0°)

^ffi15 mn

HRV (broadband)
VIS 0.6
VIS 0.8
IR 1.6
WV 6.2
WV 7.1
IR 3.8
IR 8.7
IR 10.8
IR 12.0
(IR 4.5)
IR 9.7
IR 13.4
(IR 14)

1km (HRV)
3 km (others)

1.4km

4.8km

j£d\

42

(HRV)

vCfry. I 4 urn

»km T

(others)

\ I

fa-b
ÏH"
(48)

500mm
Scan minor

Passive cooler 100 K
IR (full pupil)

A S 380 m (IR window)
A £ 750 m (others)

* = l m ; H = 2, lm |

136kg O

îomparison of current and Sacond Generation METEOSAT

Main SEVIRI Subunlts and Responsibilities:
- Prime contractor - MATRA MMS
- Scan Assembly - MBB
- Scan mechanisms & control - Contraves
-Telescope -MBB
- Focal Plane & Cooler assembly - MATRA MMS
- IR Detectors . Philips PIDC
- Detection Electronics - Marconi MMS
- Electrical Subsystem - Marconi MMS
- Calibration Blackbody - MBB.

As shown below in Fig. 2-1 end -2-2, SEVIRI has a full-
aperture frontend scan m Irror til 820 x 520 m m 0, which
relays the ground image onto the f-9 Cassegrain telesco-
pe primary mirror (4473 mm effective focal length), and
which provides the ± 5° N/S scan with 1200 steps. During
calibration against the again full-aperture blackbody, the
scan mirror is rotated by 90°. The high spin rotation toget

her with the large ansrture and the need tor a low momen-
tum Impact, i.e. low mass requirement, make it a critical
iom. The mirror will be made either of Beryllium or CSiC
(Carbon fibre inforced SiC1 MBB development).

The Casngraln telescope Is of a rather simple optical
design, Its only crttlcality Is the focus stability at the given
long focal length. The primary and secondary mirror will
be made of (eight-weighted Zerodur, for stray light rejec-
tion, two internal baffles are introduced, see Fig. 2-3.
The more complex optical part is in the focal plane as-
sembly , particularly the in-field separated IR channels,
see Fig. 2-4 and especially Fig. 2-5. The in-field separa-
tion is necessary because of the large number of 8 cooled
channels FPA - the use of dlchrolcs only would degrade
the optical transmission to an unacceptable extent.
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FIg. 2-2: Exploded View of SEVIRIFig. 2-1: Complete SEVIRI Instrument

COOW
&

cold IR optics (10OK)
-delation

FIg. 2-3: Telescope and Scan Unit Fig. 2-4: Focal Plane Assembly and Cooler Unit
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The cooler Is conceived as a two-stage passive radiation
cooler pointing permanently to the North, a sun-shield
keeping of the solar irradiance. The limiting factor of the
cooler performance is its length, the presented design
hasa 10O KFPA target figure, which Is the basellneforthe
radlometrlc performance calculations, see Fig. 3-1.
The choice of IR detector» Is PV CMT (HgCdTe) up to
channel IR 8.7, and PC CMT for the longer wavelength.
The SWIR channel will be made of uncooled Gal nAs. The
last colllmating optics in front of the detectors are assem-
bled in the cold stage.

The electrical subsystem (ESS) is subdivided Into 4
major subunits:

-the FPAelectronics ("detection electronics.detector
control, readout, pre-processing)

- the signal processing
- control electronics (mode control, scan and thermal
control) and power conditioning

- satellite interfaces.

The overall arcltecture is shown in Fig. 2-7. The signal
processing electronics Includes an Intermediate buff erf or
stretching of the data priorto the transmission form at (I.e.
stretching over the spin revolution time).
The detection/frontend signal processing electronics are
conceived as hybrids in view of the high readout band-
width and low-power demands, covering pre-ampliflca-
tion, offset correction (against cold space signal), and va-
riable gain output amplifiers, see Fig. 2-8. The spectral
chain followers include aliasing filters, sample and hold,
A/D conversion and the memory for Intermediate storage.
Except the pre-amplrf ication analog electronics following
the FPA, the rest of the electronics will be accommodated
in the satellite for thermal control reasons of the instru-
ment.

m 10.8 IR 3.8 IR 12.0

IR 13.4

spectral sepa'stion A Hn field separation
(dichroic beamsplitters) ( folding mirrors)

Fig. 2-5: IR Channels Separation, Relay Optics

3. SEVIRI PERFORMANCE

Only a small extract of the various performance analyses
can be presented in such paper; others, such as MTF si-
mulation, registration accuracy budgets, motion impact,
calibration accuracy, thermal and structural analysis re-
sults are left out. Of these, the registration accuracy requi-
rement between the spectral channels (3 different correla-
tion classes) are not safely met, essentially due to the in-
field separation and the high number of optical elements In
the FPCA section.
Fig. 3-1 shows the calculated radiometrlc performance of
the IR channels (the short wavelength channels are relati-
vely eacy to meet with the 500 mm effective aperture). As
can be seen, particularly the two long-wavelength chan-
nels NEdT requirement Is not met with available PC CMT
detectors; here, either lower operation temperatures, a
larger aperture or the use of multiple detectors per chan-
nel would be the way out.

4. DEVELOPMENT PUAN

The following development plan is envisaged for MSG
and especially this instrument:

-1991/92: Phase A Study, completed
-1992-94: Technology Development
-1993-94: Phase B Study
-1995-98: PhaseC/Dfor Protoflight Model
-1995-96: Engineering Model
-1996: Qualification Model (refurbished to spare)
- Early 1998: Proto-Flight Model delivery
-1998-2006: Operational flight models.

As stated in the abstract, MSG has a long-dating history,
for several years in the pasUhe emphasis was on a3-axis
stabilized satellite and corresponding instruments like
GOES-Next and QMS-Next.

Fig. 2-6: Full Aperture cylindrical Blackbody



V. \ '

Proceedings of the O- • J Symposium of the 'Intematwal Space tear' Conference. Held m Munich, Germany. 30 March-4 April 1992

(ESA SP-341. July 1992).

1
J

1121

EESA. pJDC/ôcj- V-

Commmdt'* SCAN
SWAM*. fc CONTROL 5

,J DATA I

***" ^ Iproamo ^Jjnc/rtrl •• —

"""^" DlKCTIOiïîiicTHDNICS

WR>A * Thermal Control |__

!•«««» ^ rnntml , _, _

{u,— -^"

£
i

*•

*>

i»

B

SS

COMMAND

CONTROL

r— t-
I I 1

> liming

^ Data
Formatting

-

IHAQINGCONTROl

Power Distribution

Protection

Safe Mode
Control

^

1

1

INSTRUMENT CONTHOL UNIT

Fig. 2-7: SEVIRI Electrical Subsystem Architecture
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Rg. 2-8: SEV)RI Hybrid frortend Electronics and Signal Processing Box
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LEGEND
I I Current best estimate
r~l Current commitment

5.8 È.7 10.8 12.0 6.2 7.3 13.4 14.0 9.7 4.5

CHANNEL

FIg. 3-1 : IR Channels Radlometrlc Performance
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OF SMALL-SIZED AEROSPACE PLAEE IK THE INFRASTRUCTURE OF SPACE RESEARCH

OF THE EARTH
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140160 Zhukovsky, Moscow-Region, Russia

ABSTRACT

This report discusses the possibilities

and peculiarities of usage of small-aiaed

aerospace plane (SSASP) in the infrastruc-

ture of space means for global monitoring

of Earth environment. SSASP combines posi-

tive qualities of constant Space-based me-

ans and aviation means of Earth observation,

so it can be used to research echological,

medical-biological, technological problems

on orbital part of the flight and in the

regime of Earth re-entry.

Possibilities of broad SSASP maneuvering

in the pitching and rolling plane with Wgh

lift-drag ratio provide return of useful

load and research objects from larger gro-

up of orbits as compared with ballistic

capsule. SSAHP in a modification of alre-

ady known aerospace research plane (A3P)

"Bor-4", which was tested in flight in

1932-84.

Keywords: Aerospace plane, monitoring,

microgravity, maneuvering capsule.

IHTRODUCTIOH

To investigate phenomena and processes of

vital importance which occur in the Earth

environment and for research conducted in

the interest of space technologies develop-

ment, navigation and communication means

of different classes and purposes are used:

artiffcal Earth satellites, orbital stati-

ons, aondea. Space means of constant orbi-

tal basing (satellites and orbital stati-

ons) provide conducting of scientific,tech-

nical, medical and biological research in

conditions of prolonged influence of micro-

gravity, and also provide systematic obser-

vation of earth and world ocean surface.

Maintenance of these means demand to design

space transport systems, which provide pe-

riodic delivery to the orbit and return to

the Earth of objects and results of the ex-

periment.

Operational means of echological monito-

ring are flying laboratories of aviational

basing, but these means have limited range

of altitudes. Transport space systems of

shuttle type have advantages as compared

with constant space-based means and means

of aviation basing. They provide necessary

duration of work and conditions for rese-

arch on orbit, and can maneuver in the

Earth atmosphere, that creates more favou-

rable conditions for payload on the stage

of its return from the orbit as compared

with ballistic re-entry.

Because of high coat of full-scale manned

aerospace planes, their usage is expedient

for orbital injection and descent from the

orbit of heavy payload, and for replacement

of the crew on orbital station. To carry

out orbital research and f>!lowing return

to the Earth of payload which weigths about

several hundred kilogrammes usage of small-

-sizded aerospace plane with high lift-drag

ratio may be vei-y efficient. These SSASP

costs considerably less as compared with

full-scale ASP. Besides, it can be also used

several times.

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-347, July 1992).
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Fig.1. General view of SSASP

I

t •

Pig.2. Schematic view of SSASP orbital

flight

1-orbital injection; 2-orbital flight;

3-brake pulse; 4-transitional ellipse;

5-atmospheric flight; 6-parachute escape;

Y-atmosphère

1. SMA1L-SIZ3D ASHOSPACE PLAE3

!Presented in this report SSA3P is a com-

mercial modification of research Vehicle

"Bor-4" which was designed for the pur-rpose

of aerothermodynamics research, and for

testing of large-scale fragments of heat

protection of "Buran" orbiting craft in

real flight conditions. ASP "Bor-4" is equ-

ipped with all necessary systems for orbi-

tal .flight,_and ; controled flight in the at-

mosphere: autonomous navigation and cont-

rol system, measurement system, heat pro-

tection and parachute escape system.

Commercial modification of ASP "Bor-4" can

be made in accordance with performing pro-

gramme and payload character. Maximum mass

of payload is 300 kg. Available volume for

installation of paylod is 0,5 m • General

view of SSA3P is shown on Fig.1, SSASP

length is 4 tn and maximum mass is about

1500 kg.

Plight program include: orbital injection

of SSASP, scientific and technical research

on the orbit, generation of brake pulse,

descent on the transitional ellipse, glide

in the atmosphere and parachute escape

(Fig.2).

The example of realization of such a pro-

gramme is a launch of research ASP "Bor-4"

from the territory of the USSR v/ith landing

in Indian Ocean or Black Sea water area.

Small-sized aerospace plane can be used in

space infrastructure of Earth observation

for solving of scientific and technical and

also applied problems connected with rese-

arch of changing environment, for design

of new space technologies in the following

directions:

1.1. Research in mierogravity conditions

Programme of one-two circuit SSASP orbital

flight with following glide descent in the

atmosphere may be most efficient for deve-

loping technological processes in real

flight conditions, for approving methodolo-

gy, testing of technological and measure-

ment equipment.

Essential advantage of usage of SSASP as

compared with launch of rocket zondes for

the same purpose is the sufficient durati-

on increase of experiment on the orbit (up

to 1,5*3,0 hours). There is also sufficient

decrease of maximum g-loading which influ-

ences payload in the process of r̂ -entry

(nmax=2 for 3SASP and 3VuT6*9 foi' retui'n-
ing ballistic capsules). Ahother important

peculiarity is that dependence of brake-

-loading upon flight time is practically
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the same with corresponding dependence,
realized during return of manned aerospace
crafts.
Possibilities of broad pitch and roll ma-
noverlng in the atmosphere provide the
choice of more convinient zone of SSASP
landing as compared with ballistic capsu-
les.
Shown in Table 1 levels and duration of
g-loading influence upon payload for dif-
ferent flight stages enable to appreciate
conditions of usage of such plane class
for conducting research in conditions of
microgravitation.

1.2. Observation of Earth surface from
low-altitude orbits and in regime
of suborbital flight

Possibility of controled flight in upper
atmosphere, heat protection of the const-
ruction and research equipment during re-
entry flight and other constructional pe-
culiarities of 3SA3P enable its usage for
Sarth surface observation frora lower alti-
tudes than construction of constant space-
-based means does. In regime of one-two cir-
cuit flight 33A3P can be injected into low
altitude orbit or suborbital trajectory
that enables to lower altitude of ïïarth ob-
servation by optical or radar means inclu-
ding stage of 33A3P atmospheric flight
Cl ̂  100 km).
Pig,3 presents parameters of one of pos-
sible trajectories of SSA3P during re-ent-
ry
V, n/s

8000

7000

6000

5000

4000

3000

2000

1000

HÎS)!

8or
70 h

N

k̂I N

6300

Pig.3. Parameters 33A3P re-entry
trajectory

Table 1: g-loaduig distribution of the
flight stages

Plight stages level of
g-loading
(g)

Duration of
influence

Orbital injec-
tion 1*6 500 sec
Orbital flight «0 90*120 min
Attitude hold
regime in space +^ 0,005 0,5 sec
Brake pulse for
orbit leaving 0,05 180 sec
Descent in the
atmosphere *2 15 min
Parachute escape 5 2 sec

1.3. Usar.e of 33ASP for reconstruction
of liarth ozone layer

Kov/ ozone layer reconstruction projects
discuss different methods of its artifi-
cial generation. One of them suggests the
method which is based on sun ultraviolet
radiation influence upon oxygen that is
artificially injected into 'Jarth atmosphe-
re on the altitude IJ > 50 kri.
33A3P can be used as a transport means for
injection to the prescribed geographic zo-
ne and dispersion of oxygen in atmosphere
in the definite range of flight altitudes.
To exclude negative influence of physical-
-chemical reactions in the shock layer and
trial, that happen during SSASP re-entry,
flight velosity in the process of oxygen
dispersion must be less than 3,5*4 km/s.
As distinct from rocket and artillery me-
ans, which can be used to deliver oxygen
to the prescribed atmosphere part, 33A3P
enables to realiae regime of glide flight
with small flight altitude change on the
trajectory stage of sufficient length.
Thus, for example, on the trajectory part
with length about 250 km flight altitude
change is about 5 km.
Installation of special measuring equip-
ment on the 33A3P enables to record phy-
sical processes which take place in 33A3P
trial during oxygen dispersion. Peculia-
rities of 33A3P flight trajectory also ma-
ke possible to measure atmosphere parame-
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PiC.4. Variant of SSASf placing on the
orbital station

ters (air density, oaone concentration,
etc) on route with length 5000*6000 km.

2. SoAJP U3AG3 PCK R3TURIÎ OP USSFUL

LOAD PROI,: ORBIT

."53AJP with high lift-drag ratio can be re-
garded as maneuvering capsule for deliver-
ing useful load from orbital stations (li-
ke "I.Iir", "Columbus", etc) to the 3arth.
As compared with ballistic capsules 3SA3P
enables to realize during descent from the
orbit lateral meneuver in the range of
i1500 km, that provides delivery of useful
load to the prescrebed area from larger
group of orbits, decreases time of waiting
on the orbit, gives opportunity to perform
urgent delivery of payloads from orbital
station to the :3arth, that improve opera-
tional possibilities of transport means
which serve for communications with orbi-
tal stations.

Because of considerably lower cost (as com-
pared with full-scale space transport me-
ans) 33ASP may be more profitable transport
means providing communication with const-
antly operational orbital stations. It can
decrease the number of necessary visits to
the orbit of space means of shuttle type.
Variant of SSASP placing on orbital stati-
on is shown on Pig.4.

Pig.5. Placing of 33ASP on the car-
rier rocket for group launch

To decrease operational cost, launch of
space maneuvering capsules can be perfor-
med in groups. Thus for example, carrier
rocket of "Arian" class can provide in-
jection into orbit of three or four SSASP

(Pig.5).
Other spheres of SSASP usage are also pos-
sible, especially in that cases when re-
search on the orbit is over and it is ne-

cessary to create more comfortable condi-
tions for delivery of objects of research
to the Rarth with maximum possible lateral
maneuver from orbital plane, and also in
that cases when it is necessary to conduct
research in conditions of atmospheric
flight in regime of descent from the orbit
of trajectory aerospace planes.

*r

r*
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FRIRQOA PROJECT: OFTICAL SENSORS FCR ENVIRCfMaIr RESEARCH

V.V.EfroMnkoi, !.Pi

1 Institute of Radio Engineering and Electronics of Acad.Sci., Moscow, USSR
2 Institute for Research on Electromagnetic Waves of C.N.R., Florence, ITALY
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ABSIRACT

In the field of the scientific cooperation
between the two Institutes started in 1986, a
common research program has been developed for the
analysis of the characteristics and the applicati-
on of the spaceborne optical sensors operating in
high spectral resolution mode for the remote
sensing of the Earth.

By means of the optical sensors that will be
placed on board of the PRIRCX)A module we are going
to study the geophysical parameters useful for
pollution monitoring and resources evaluation.
Particular attention will be paid to the choice of
the optimal wavelengths in the visible and
infrared range in order to achieve the best
results, taking into account the atmospheric
contribution as well.

Keywords: PRIRODA, Optical sensors, Environment
research.

i. INTRODUCTION
According to the cooperation agreement between

the Institute of Radioengineering and Electronics
of the Academy of Science (I.R.E.) and the
Institute of Research on Electromagnetic Waves of
the National Research Council (I.R.O.E.), a
research program is being proposed in order to
analyse the characteristics and the possibilities
of the spaceborne optical sensors operating at
high and moderate spectral resolution for
ecological, geophysical and resources investiga-
tions of the Earth (Réf. 1).

At the beginning the data acquired from
similar aerospace sensors and ground placed
instrumentation have been utilized in the
numerical simulation for estimation of the
possibilities of the optical sensors placed on
module PRIRODA to measure different environmental
parameters. During and after the PRIRODA flight
the results will be compared with the data coming
from the ground segments.

2. SCIENTIFIC OBJBCTIVES

The two Institutes are planning the following
studies for the PRIRODA mission:
- to perform the investigations of the character-

istics of the quality of the coastal zone of the
North Tyrrhenian Sea and the Black Sea near
Crimean;
- to estimate the dependence of the antropogenic
activities on the vegetation in the mountain
regions;
- to perform the investigations of the spectral
characteristics of the Earth surface in the area
of geothermal and volcanic activities;
- to collect data for estimation and verification
of the atmospheric contributions;
- to develope the algorithms and the related
software for remote sensing data processing.

2.1. Coastal water characteristics investigation

In recent years more and more attention has
orc-n paid to coastal waters for their high
productivity. However up to now we have only a
poor knowledge of the horizontal distribution and
temporal variation of the constituents and the
temperature field of coastal waters. Moreover the
processes depend on the area of study.

The main water constituents and temperature
fields can be determined by space optical remote
sensing. The knowledge of suspended matter,
phytoplankton, yellow substances and thermal
distribution is the key for various ecological and
resources studies in estuary and coastal zones.

The two Institutes intend to perform compara-
tive studies of the spectral characteristics of
water in coastal areas in the North Tyrrhenian Sea
including the estuary of the Arno river and the
Black Sea near Crimean.

2.2. Antropogenic activity effects over the végéta
tion status

To study the regional peculiarities of the
antropogenic activity effects on the vegetation
status it is necessary to combine the field
measurements and the large scale data acquired
from space sensors.

The I.R.O.E. has experience in fluorescence
lidars and imaging spectrometers as well as
airborne multispectral scanner measurements (Réf.
2-4 ). The forest, and the agriculture areas in the
region of the Tuscany Apennines are under
investigation. The acquired data show that the
acid rains, coming from the industrial regions of
North Italy, seem to be the main effect of the
antropogenic pressure on the environment.

In order to verify this and other hypothesis
the space remote sensing data are needed.

'-<! Proceedings ol the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341 July 1992)



1128

2.3. Spectral features in area of geothermal and
volcanic activities

The geological processes in active areas lead
as a rule into changements of structure and
mineral composition on the Earth surface. This
phenomenon affects the kind and the structure of
vegetation as well. The same changements appear
also in the spectral signatures of the surfaces
from visible to thermal infrared wavelengths.

These areas are interesting as potential
thermal and mineral sources as well as danger
zones. If the changements of spectral signatures
can be defined by means of space remote sensing,
the possibility to detect such areas as well as to
monitor the geological process will appear.

In the Tuscany region there are two well known
areas to be utilized as test sites for space
remote sensing. The first one is located in
Larderello where a geothermal power station is and
the second includes the Monte Amiata region with
large number of high temperature water sources.
Both area are under geological studies and the
related results are to be compared with the space
investigation data.

2.4. Atmospheric studies

Large scale atmospheric models are important
and necessary tools for different studies,
investigations and developments. For example it is
impossible to correct the result of space remote
sensing of the Earth surface or to make the
weather-forecast without such models. Despite all
their convenience such models cannot take into
account regional features of the area and in some
cases it. is necessary to develop regional models
of atmosphere, which have not all the possibili-
ties of large scale models. The later ones can be
improved either by including the regional model
info the large scale one, or by choosing the right,
parameters of the large scale model as for example
the phase function of the atmospheric aerosol. To
perform that improvement, data of atmospheric
structure are needed.

For such investigations two different areas in
Italy have been chosen. The first one is located
in Tuscany in the south side of the North Apennine
Mountains along the Arno river between the cites
of Pisa and Florence. The region is characterised
by a medium industrial activity, a specialised
agriculture, a medium density of inhabitant.s and a
low level of atmospheric pollution. The second
area, placed between the Alpes and the Apennines
mountains in the valley of the Po river, is a part
of Lombardia and Emilia regions with Milan in the
centre. The related atmosphere is extremely
polluted due to the high industrial activities and
high density of inhabitants.

The comparisons of the results of the space
atmospheric sounding over these areas together
with the data of atmospheric structure measured
from the ground and the results of large scale
models, will provide to improve such models and to
perform ecological analysis of the atmosphere over
the areas and the possible mutual influences.

3. IHE FRIHQDA GPTTCAL SQGGRS

In order to perform the goals mentioned above, the
data from the optical sensors ISTOK-I, MOS-OB7.OR,
OZONE-M, Al.ISA, MSU-K, and MSU-SK, which are to Vie
mounted on PRIRODA module, ui!! K' >it:'i.-"rl (Rf>f.
5).

3.1. ISTOK-I

The instrument is a 64 channels infrared
spectro-radiometer in the band of 4 - 16 urn to
measure both the atmospheric transmittance
spectrum by looking the Sun and the thermal
emission spectrum of the atmosphere and the Earth
surface under different angles of pointing.

In addition the instrument includes a TV CCD
camera to observe the clouds and the Earth
surface.

The main goals of this istrumentation are to
define:
1) The atmosphere temperature profiles by means of
the thermal emission measurements of the lines of
COz (temperature resolution of 4-5 K for up to 30
Km of altitude in nadir pointing mode and 3 K in
the layer from 10 to 55 Km in sloping pointing
mode).
2) The atmosphere temperature and pressure
profiles with high spatial resolution, up to 200
m, by means of refractive distortions of the Sun
image measurements at the wavelength of 0,7 urn in
the layer from 3 to 20 Km of altitude and with
resolutions of 3 - 4 mbar and 2 - 15 K.
3) The atmospheric humidity characteristics by
means of measurements in the line of water vapour
at 6.3 urn:
- the thermal emission of the atmosphere with
accuracy from 5 to 10 X in the layer from 3 to 15
Km of altitude in the nadir mode for the water
content, profile;
- the transmittance of the Sun radiation with
accuracy of 10 % in the layer from 20 to 60 Km of
altitude for concentration profile.
4) The ozone content at the line 9.6 urn in nadir
mode for common ozone content with an accuracy of
10 - 15 % and in the layer from 20 to 55 Km of
altitude in sloping mode and the Sun radiation
measurements for ozone concentration profile with
an accuracy of 10 X.
5) The sea surface temperature by means of the
thermal radiation measurements with an accuracy of
about 1 K.
6) The temperature and top bound of clouds.
7) The stratosphere NOa, NH4, NH, and HS gases
content.

3.2. MOS-OBZOR

This imaging spectrometer is dedicated to the
investigation of the reflected solar radiation in
the atmosphere-Earth surface system in the visible
and near infrared ranges.

The apparatus consists of different optical
blocks and is comprehensive of on-board data
compression.

The main goals of this instrumentation are to
determine:
1) The spectral characteristics of the water to
estimate various ecological parameters of the
oceans, like chlorophyll concentration, bioproduc-
t.ivity, pollution on the surface, water types, and
sediment content.
2) The atmospheric scattering to correct the
influence of the atmosphere on the multispectral
remote sensing data.

3.3. OZONE-M

The instrument is suitable to the investiga-
tion of the spatial structure of the infrared
radiation of the ocean surface and the atmosphere.

The main goal is to measure ozone and aerosol
concentration profiles.
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The instrument is n lidar operating at 0.527
urn part icularly dedicated to measure the aerosol
concentration profiles.

3.5. JlSU-JfL.

Tliis electro-optical scanner is mainly devoted
to investigate the reflected solar radiation in
1 ho "atmosphere-Earth surface" system at a spat ial
resolution of 25 mete.rs in three visible and near
infrared spectral bands.

3. G. MSU-SK

ITiis opto-mrchanical scanner operates in four
•idjacont v i s ib l e and near infrared bands at 120 m
of sjvit ial résolut ion plus one band in the thermal
infrared region wi th 300 m of spatial resolution.

The sensor, like the former one, is now f ly ing
on board of the KaSMQS-1939 (RESLIRS-Ol) satellite,
1,'iuiiched four years ago into a solar synchronous
orbi t at an a l t i t u d e of f > f > f ) Km.

7.

I.R.E. & I.R.O.E. 1991, Proposal for Scientific
Program: Common Experiments for Space Remote
Sensing in Optical Band, Internation-
al Pro.iect PRIRODA.

2. Cecchi G & al 1989, Fluorescence Lidar Design:
Optimization Criteria, Proc IGARSS'89. Vancouver,
Canada, 2, 1040-1042.

3. Barducci A & Pippi I 1991, The I.R.O.E.
Activity for the AVIRIS Campaign in Europe,
Proc Third AVIRIS Workshop. Pasadena, U.S.A., NASA
JPL 91-28, 314-321.

4. Pippi I & Radicati B 1987, Data Analysis of a
Coastal Zone Remote Sensing Campaign by the NASA
Cl30 Airplane, Applications of Digital Image Pro-
cessing X. S.Diego, U.S.A., SPIE 829, 305-309.

5. The Pro.iect PRTRODA. INTHHKOSMOS1 Moscow 1990
(in Russian).
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4. MISSION ANALYSIS

Taking into account the present orbital
parameters of the MIR space stat.ion, some
simulât ions hwvp been performed in order to
predict the- flight paths. The results indicate two
overflights of the Tuscany region within 18 hours
rotated every fi days.

5. DATA EVALUATION

As merit i oned before the sensors MSU-K and
MSC-SK1 which w i l l be placed on board of the
PRIRODA module, are now flown on KOSMOS-1939
If)RS(XUS-Ol ) satellite. The data acquired over
Egypt by the MSl'-SK sensor are considered and
evaluated.

Some re='.:!;.̂  in the region near the Cairo are
reported. lrig.1 displays the nonna 1 i 7.ed ratio
between band 1 (0.5 - 0.6 urn) and band 4 (0.8 -
1.0 urn) as well as Fig.2 represents the squared
image of the same region taken in the band 4 and
the related FFT, showing the characteristic
pattern due to the scanning system of the sensor-.

6. CONCLUSIONS

Iliis over\iew has shown the great potential of
the instrumentations that will be placed on the
(.rbit.il stat ion MTR.

!•'or- useful integration and comparison addi-
tional ilata i-oming from other sensors, like TM,
SIX)T, Meteosat, airborne scanners and ground based
s[jectro-radiometers will be acquired.

In addition particular attention will be paid
to the evaluation and correction of the
a t mospher i u- effects on the signals detected by
those different sensors.

Fig.l: Normalized band ratio of MSU-SK sensor.

Fig.2: MSU-SK data evaluation through FFT.
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The First Mission of the ESA Earth Observation Polar Platform

M. Rast CJ. Readings

European Space Agency
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ABSTRACT

During the last two decades Earth observation by remote
sensing has been evolving rapidly already approaching
an operational status in many areas of application. More
recently not only single sensors, but also full scale
Earth observation missions are being dedicated to
environmental remote sensing with ERS-I being a
recent successful accomplishment in this field.

Before the end of this century ESA is planning to launch
an even more ambitious Earth Observation satellite
consisting of partly experimental, part ly semi-
operational to operational instruments, to monitor the
Earth's environment and the human impact on it.
Within its Earth Observation Programme, ESA at present
is studying the payload and mission configurations of
the first European Platform which will be dedicated to
the monitoring of the Earth/atmosphere system. The
planned launch date is 1998. The payload of this
platform will exploit both the optical and microwave
part of the electromagnetic spectrum.

This paper concentrates on the planned contribution of
the European Space Agency to Earth observation and
environmental monitoring during the polar platform
era outlining the main objectives and resulting from
that the main requirements to the first mission,
including a short description of the payload and the
measurement goals of each instrument.

!.INTRODUCTION

A better understanding of the Earth when viewed as a
system can only be achieved, if the physical, chemical
and biological interactions between the atmosphere, the
oceans, the land and the ice regions, plus the structure
of the Earth itself, are all taken into account.

Fundamental to this is the provision of data to identify
processes and validate models. These data are also needed
to monitor the state of the Earth system and to detect
changes. In most instances long term continuity of data
is also essential (e.g. for climatology, environmental
change detection), leading to the requirement to sustain
spaceborne capabilities for periods of a decade or more
by replacing spaceborne systems at the end of their
lives. These needs are addressed in the Earth observation
programme proposed by the European Space Agency
(ESA). It forms the basis of the individual programme
proposals which are submitted to the ESA member states
for approval.

Underlying the ESA Earth observation programme is the
Agency's Earth observation strategy established in
collaboration wi th the user communi ty and

representatives of the ESA member states. It identifies
four themes, namely:

1. Monitoring the Earth's environment on various
scales, from local or regional to global.

2. Management and monitoring of the Earth's
resources, both renewable and non-renewable.

3. Continuation and improvement of the service
provided to the worldwide operational
meteorological community.

4. Contribution to the understanding of the
structure and dynamics of the Earth's crust and
interior.

To address the four themes underlying the Agency's
Earth observation strategy global data sets, in many
cases spanning decades, are required. These data must
cover a wide range of disciplines. Furthermore, given
the synergism between both disciplines and
instruments necessary to realise objectives, missions
will in general have to be broader in scope and carry
more instruments than has been the case in the past.

The realisation of these objectives forms the basis of the
Agency's Earth observation programme. It depends on
an integrated future programme one of the main
elements of which is a series of Polar Orbit Earth
Observation Missions (POEMs)

These POEMs are intended to provide the continuity of
data in polar orbit that are essential to the realisation of
many of the basic objectives.

2. THE OBJECTIVES FOR THE FIRST POLAR MISSION

Remotely sensed data from polar orbit are needed from
polar orbit:

• To identify and advance the understanding of the
relevant processes

• To monitor the state of the Earth / atmosphere
system

Within this context he mission goals of POEM-I include:

Continuity of the ongoing European remote
sensing projects like ERS-I (emphasizing the
ocean mission)
Contribution to operational meteorology
(meteorological mission)
Environmental studies including atmospheric
chemistry (climate mission)

Proceedings of the Central Symposium ol the 'International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 1992
{ESA SP-341 July 1992)
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POEM-I is intended to complement national and
international programmes and to provide a technically
realistic, feasible and cost effective polar orbiting
faci l i ty .

3. THE PAYLOAD OF THE FIRST POLAR MISSION

POEM-I will exploit the Columbus polar platform
currently under development in ESA and have an
expected lifetime of about 4.5 years with a payload
carrying capability variable between 1000 and about
2400 kg, roughly two to three times that of ERS-I. The
first platform should be available for launch in 1997.

The missions will utilise sun synchronous orbits with a
morning descending node and different (optimised)
orbit altitudes lying in the range between 700 km and
8SO km. They arc intended to complement missions
planned by other space agencies, notably NASA which
also envisages flying a scries of polar platforms.

The first ESA polar platform mission. EPOP-Ml, is
envisaged as a combined meteorology-atmosphere /
ocean-ice / climate mission with its payload comprising
three main elements:
A) ESA Developed Instruments:

These arc instruments which would be developed by
ESA. The current list comprises the following:

AMI Active Microwave Instrument
C-Band SAR for imaging the ocean (wave
pattern), polar ice caps and land areas with a
ground resolution of 30 m. over a swathwidth
of 100 km. combined w i t h a wind
scalleromcter (also operating in C-Band) for
measuring sca-surfacc wind speed and
direction over a swathwidth of 500 km and
with a spalial resolution of about 50 km. The
AMI is already pan of the EKS-I and the ERS-
2 payload

MERIS Medium Resolution Imaging Spectrometer.
Pushbroom spectrometer that monitors
biophysical parameters of the ocean (e.g.
ocean colour) in IS programmable, 5-10 nm
wide spectral bands and over a swathwidth of
1500 km, with spatial resolutions of 250 and
1000 m. Contributes also to atmospheric
( c l o u d p r o p e r t i e s ) a n d t e r r e s t r i a l
(vegeta t ion) applications. Syncrgism with
RA-2. SCATT and AATSR.

MlPAS Michclson Interferometer for Passive
Atmospheric Sounding
Limb v iewing , mid- inf rared interferometer
for measuring the emission of trace gas
species (including o^onc mapping and NOy) ,
temperature, aerosol particles, and polar
s t r a to sphe r i c clouds from the upper
troposphere up to the mésosphère (8-100
km) with a vertical resolution of 3 km and a
horizontal field of view of 30 km at the
Earth's limb. Syncrgism with GOMOS and
S C I A M A C H Y f o r c o m p l e m e n t a r y
m e a s u r e m e n t s

RA-2 Radar Altimeter-2
Adaptive pulse l i m i t e d a l t imete r that
measures power level and time position of
the earliest part of its Radar echoes from
ocean, ice, and land surfaces and contributes
to s ign i f i can t wave height , sea level
determinat ion , ocean circulat ion (ocean
dynamics), ice sheet topography, and land
mapping. Synergism with SCATT. MERIS. and
AATSR.

The AMI may be replaced by a two separate instruments,
the Advanced Synthetic Aperture Radar (ASAR) and an
Advanced Windscatlerometer (ASCATT) having some
enhanced capabilities compared to the AMI. In addition
the feasibility of f lying a passive Multifrequency
Imaging Microwave Radiometer (MIMR) is being
invest igated.
B) Announcement of Opportunity Instruments

As a result of an Announcement of Opportunity (AO) for
instrument proposals for inclusion in the first polar
orbit mission, a set of instruments were selected for
possible inclusion in the first mission. The current list
comprises the following:

a) Chemistry and Dynamics of the Upper Atmosphere :

GOMOS Global Ozone Monitoring by Occultation of
Stars.
Ultraviolet /Vis ible spectrometer mainly
intended for monitoring of global ozone
using stellar occultation for studies of
ozone depiction and the greenhouse effect.
GOMOS shall provide stable reference data
on global ozone, plus observations of HjO.
NÛ2, NOj, ClO, temperature, and aerosol in a
vertical range between about 20 and 100
km. Synergism with MIPAS and Sciamachy.

SCIAMACHY S c a n n i n g I m a g i n g A b s o r p t i o n
Spectrometer for Atmospheric Cartography
A limb and nadir viewing spectrometer
operating from the ultraviolet up to the
infra-red. Il wi l l observe reflected and
scattered l ight from tropospheric and
stratospheric constituents, temperature,
and aerosol with the unique capability to
retrieve vertical distribution of numerous
atmospheric trace gas species with a
vertical resolution of 1 km between 20 and
100 km altitude range in the limb mode,
and a 3SO m x 25 km field of view in the
nadir mode. Synergism with MIPAS and
GOMOS.

b) Radiation :

AATSR A d v a n c e d Along Track Scann ing
Radiomete r
Conically scanning infrared radiometer
dedicated mainly to the retrieval of sea
surface temperature, operating in five
spectral bands and with a spatial resolution
of 1 km over a 500 km swath width.
Contribution to ocean dynamics, radiative
in te rac t ions . c loud parameters. and
bidi rec t ional reflectance measurements
over land surfaces. Synergism with RA-2.
SCATT and MERIS.

In addition, an Earth Radiation Budget System in the
form of a broadband scanning radiometer, monitoring
the reflected and emitted global radiation "on top of the
atmosphere" is being evaluated as a potential candidate
for the announcement of oppor tuni ty instrument
category.

c) Positioning:

PRAREE Precise Range and Range Rate Experiment
Extended version
Laser / microwave range and range rate
system developed for high precision
orbilography with a potential to contribute
to geodesy, plate tectonics, and ocean
topography. Derived from the PRARE
version flown on the ERS satellites.
Synergism with ALT-2.



1133

The Radar Altimeter, the AMI, AATSR and PRAREE will
be derivatives of ERS-I instruments, in most instances
with enhanced capabilities.

C) Operational Meteorological Instruments:

In the main these arc improved versions of the
operational ins t ruments currently flying on the NOAA
Tiros-N polar orbi t ing operational meteorological
satellites:

VIRSR Visible and InfraRcd Scanning Radiometer.
Radiometer dedicated to global monitoring of
clouds, sea surface temperature, vegetation,
and ice, operating in seven spectral bands
over a swathwidth of 2000 km with a 1 km
spatial resolution. (Derived from the former
AVHRR)

IRTS Infra-Red Temperature Sounder.
Scanning infrared radiometer dedicated to
measure global atmospheric temperatures
profiles, atmospheric water content, cloud
properties, and Earth radiation budget in 20
channels from 0.2-15 u,m, with a swathwidth
of 22SO km, and 21 km resolution at Nadir.
(Derived from HIRS-3).

MTS Microwave Temperature Sounder
Scanning passive microwave radiometer for
ihc retrieval of global temperature profiles
using fifteen channels in the range 23 to 90
GHz over a scan angle of ± 48° from Nadir.
MTS is derived from AMSU-A.

MHS Microwave Humidity Sounder.
Retrieval of global water vapour profiles,
precipitation, sea ice, snow cover, and ocean
wind stress using passive microwave
radiometry in five channels ranging from
90 to 190 GHz. MHS has the same scan width
as MTS and is derived from AMSU-B.

MCP Meteorological Communications Package.
Provides direct data handling and broadcast
of operational instruments to ground
stations.

ARGOS Data Collection and Location System.
Relays messages and localization data from
plat forms.

S&R Search and Rescue "ackage.
Monitors distress renais of e.g. ships and
planes on internat ional ly acknowledged
emergency frequencies.

In addit ion the feasibi l i ty of providing a prc-
operalional high resolution atmospheric infrared
sounder is being investigated.

It is envisaged that these instruments will be jointly
provided by NOAA and EUMETSAT as the means for
continuing operational meteorological observations in
the morning orbit after 1997 when NOAA only intends to
operate spacecraft in the afternoon orbit.

4. LINK?} BFTWRP1M THE PAYLOAP AND THE OBJECTIVES OF
THE FIRST POLAR MISSION

The specific contributions to be made by the various
elements of the pay load to the three mission objectives
of the first polar platform mission can be summarized as
follows:

a) The Meteorology Mission

P a r t i c u l a r l y i m p o r t a n t for the operational
meteorological mission arc the data from the operational
meteorological package (viz VIRSR, IRTS, and MTS/MHS
and possibly a high resolution infrared sounder). At the
level of the ocean surface also many important
variables will be observed. Here the key instruments are
the Wind Scatterometer of the AMI for the observation
of wind speed and direction, the Radar Altimeter for
wave height measurements and windspeed at the sub-
satellite point, and the AATSR for high accuracy sea
surface temperature measurements.

b) The Ocean Mission

Here the most impostant observables are surface
topography, surface wind and wave fields, ocean colour
and sea surface temperature. All will be measured,
consolidating and extending data sets acquired by the
ERS satellites. The key instruments will be AMI. MERIS,
AATSR and the Radar Altimeter (coupled with the
PRAREE) establishing a unique observation and
measurement complement for the biophysical
characterization of our oceans and coastal zones and
thus giving an important key to climate and global
environmental monitoring, Data from the elements of
the operational meteorological package and possibly
from an MIMR will also be important.

c) The Climate Mission

The key climate monitoring variables span alt the
elements of the Earth system as, in addition to
atmospheric var iables , observations of surface
characteristics (e.g. surface temperatures and land
usage) are vital inputs to climate models. Cf particular
importance is the Earth's radiation balance. Here, the
data from an Earth radiation budget sensor will prove
particularly useful. On the polar platform the broad
band radiation data will be supported by observations of
clouds, aerosols etc plus profiles of the two key
thermodynamic variables, namely temperature and
h u m i d i t y .

Coupled with these data will be observations of key trace
gas species. For studies of these gases the limb and nadir
viewing chemistry sensors will enable many of the key
chemical species to be observed including ozone and the
complete NOy family. Observations will be possible in
both the troposphere and stratosphere. Here the key
instruments are MIPAS GOMOS, and SCIAMACHY. They
construct a unique combination of instruments to at last
comprehensively monitor greenhouse gases and thus
determine global warming, ozone depletion and climatic
influence. Also together wi th the operational
meteorological package and an Earth radiation budget
sensor they provide a tool to characterize both the lower
and upper atmosphere, in view of its dynamics, radiative
transfer, interactions, and the weather. For the Earth's
surface, data from AATSR, VIRSR and MERIS will be
essential, as wi l l those from the operational
meteorologies) suite of instruments.

5. THE GROUND SEGMENT

The polar satellite can be regarded as a successor to the
ERS satellite so Earth observation users will naturally
expect a continuation of the services provided by these
satellites. They wil l want to capitalize on their
investments in computer hardware and software, as well
as the experience gained from previous operations.
Discontinuities of service would be most unwelcome as
timeliness of data delivery will be essential, if the
mission is to meet its objectives.

Within this context the main requirements for the
ground segment are compatibili ty with ERS, the
capability to handle Ihc data from the polar plalfo.m
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instruments in a timely fashion and growth potential, so
that new possibilities tor data handling can be TuIIy
exploited. The user interface must therefore ensure, that
new national facilities can be easily incorporated into
the ground segment and that they are designed to meet
individual needs. There is also a clear need for an
extensive archiving faci l i ty .

The main elements of the ground segment structure will
inc lude:

• A user interface for Earth observation users which
increases the mutual user - system unders tanding .

• A central coordination facility which ensures the
realisation of the Earth observation mission
objectives.

• Receiver stations which acquire data either directly
from the polar platform or via a data relay satellite.

• A processing delivery, and archiving (decentralized)
facility which elaborates distributes, and archives
the required end data products.

6. CONCLUSIONS

The ESA Earth observation programme is conceived
within an integrated overall strategy intended to
address the problems of concern to mankind and to
contribute to a better understanding and monitoring of
the Earth's system.

The systems required to realise these objectives are
expensive and no nation can really afford to develop
and operate the complex space systems and the ground
inf ras t ruc ture necessary. The Agency's earth
observation programme accepts this by seeking
collaboration and taking full account of other earth
observation programmes.

Il is wide ranging being intended to ensure that Europe
is able to capitalise properly on the potential of remote
sensing from space as well as being in a position to
assess the options properly when addressing the
fundamental problems facing mankind.

\\v» *

1
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THE EUROPEAN POLAR PLATFORM ANO ITS EARTH OBSERVATION MISSION

F. Tanner1, O. Oemuth1, Dr. H. Munz1, P. Truss2

Dernier GmbH; 2 British Aerospace Space Systems Ltd.

•dSTRACT

1

The PPF/POEM-1 programme, carried out on behalf of
ESA, is concerned with the development of the
European Polar Platform (PPF) and its first
utilization by the Polar Orbit Earth Observation
Mission-1 (POEM-1). The PPF is a multi-mission
platform providing a modular system with flexible
adaptability to a wide range of payload demands.
POEM-1 is designed to monitor and study the
Earth's environment including climate changes and
to contribute to the operational meteorology. The
instrument complement selected within the
presently ongoing phase B comprises a well
balanced set of ESA Developed Instruments,
EUMETSAT Meteorological Instruments and
Announcement of Opportunity Instruments.

Keywords: Polar Orbit Earth Observation Mission 1,
Polar Platform, POEM Sensors

1. MISSION OBJECTIVES

ESA has defined in its "Objectives and Strategy
for the Earth Observation Programme" a long term
plan for the utilization of satellites for Earth
remote sensing. In continuation of the present ERS
programme, an overall Earth observation scenario
has been ertablished which foresees a series of
polar orbiting missions during the next two
decades.

POEM-1, which is the first mission in these
series, will continuously provide a wide
multidisciplinary user community with synoptic and
coherent data services on a global and local scale
in the area of Earth observation and meteorology.

POEM-1 concentrates on

the monitoring and studying of the Earth's
environment including climate changes and

the contribution to the operational
meteorology.

An essential aspect of POEM-1 is the continuation
and extension of the data services provided by the
current ESA Remote Sensing Satellites (ERS)
programme and the American NOAA platforms in the
'morning orbit'. Thus the mission will contribute

to the provision of long term data sets which are
essential for both, operational application of
spaceborne remote sensing systems, and
climatological and environmental research.

2. MISSION CHARACTERISTICS

Satellite Orbit

To meet the mission objectives the orbit for
POEM-1 will be a high inclination, sun
synchronous, near circular orbit in the altitude
range between 780 km and 820 km. Taking into
account the needs of the operational meteorology
to complement the observations being nade by the
American NOAA platforms, the local mean solar time
at the descending node (i.e. the crossing of the
equator from north to south) will be in the range
from 9.30 to 10.30 a.m.

Final selection of the orbit will be based on:

suitability of altitude for optimal
instrument performance

Earth surface coverage and time between
repeated observations of the same area

sun illumination conditions and avoidance of
disturbance by sunglint for the optical
instruments

continuity of ERS-1/2 products

user requirements for data availability.

Reference Orbit

A POEM-1 Reference Orbit is defined as baseline
for the mission and system analysis tasks and
performance definition.

Earth Observation Coverage

Although the repeat cycle of the POEM-1 Reference
Orbit is 35 days, it provides for most sensors a
complete coverage of the globe within 1 - 3 days.
The regions of higher latitude will be covered
even more frequently.

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 1992
(ESA SP-341. July 1992)
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Orbits per day
Repeat cycle
Orbit period
Mean local time at
descending node
Inclination
Orbit radius
Orbit velocity
Mean altitude

14 11/35
35 days

100.59 min
10:00

98.55 deg
7159.5 km

7.45 km/sec
799.8 km

Reference Orbit Characteristics

3. SENSORS

To achieve the mission objectives provision of
data from several, partly complementary sensors
is needed operating in a wide band of the
electromagnetic frequency spectrum, ranging from
centimeter waves to the ultraviolet. The sensors
to be flown on POEM-1 are grouped into three
categories reflecting the responsibilities for
their development and procurement.

The ESA Developed Instruments (EDIs), which
will be designed and developed as part of the
ESA POEM-1 Programme.

The EUMETSAT Meteorological Package provided
through EUMETSAT. A similar complement of
operational instruments will be flown on a
series of American NOAA satellites.

The Announcement of Opportunity (AO)
instruments, which will be provided by
national or multinational institutions for
integration on the POEM-1 satellite.

3.1 ESA Developed Instruments

During phase B of the POEM-1 programme the
detailed definition and the design of the
following EDIs, considered for the embarkment on
the first mission, have been performed:

The Advanced Synthetic Aperture Radar (ASAR) is a
high resolution all-weather phased array imaging
synthetic aperture radar operating in C-Band.
Compared with the ERS-1/2 SAR this instrument
includes significant improvements to provide
imagery of alternative swaths at different look
angles, wide swath coverage of up to 400 km, the
possibility to use different polarisations and a
low resolution global monitoring mode.

The Advanced Scatterometer (ASCAT) measures the
wind dependent radar echo of the ocean surface in
C-Band under three different viewing angles.
Compared with ERS-1/2 Scatterometer the ASCAT
features double swath measurement providing for
500 km ground coverage to either side of the
subsatellite track. Further significant
modifications concern the measurement principle
and the onboard processing.

As an alternative to ASAR and ASCAT the
possibility ind consequences of an embarkment of
an ERS 1/2 recurring Active Microwave
Instrumentation (AMI) is also under evaluation.

Contribution of Instruments to Mission Objectives

The Radar Altimeter 2 (RA-2) determines the delay
time of a radar pulse reflected from the
subsatellite area in Ku- and S-Band and evaluates
the echo shape to extract Earth surface
characteristics. The RA-2 is a derivative of the
ERS-1/2 instrument improved by land measurement
capability and a second measurement frequency for
compensation of ionospheric effects.

The Global Ozone Monitoring by Occultation of
Stars (GOHOS) sensor operates in the limb using
stellar (as well as solar) occultation to observe
the absorbtion spectra of the ozone and other
chemical constituents.

The Medium Resolution Imaging Spectrometer (MERIS)
measures the Larth's radiation in the visible and
near infrared with a 1500 km wide swath centred
around the subsatellite track using the pushbroom
principle.

The Michelson Interferometer for Passive
Atmospheric Sounding (MIPAS) is a limb viewing
high resolution Michelson interferometer measuring
the mid infrared emission spectrum of the
atmosphere between 5 km and 150 km tangential
height in the anti-sun and the anti-flight
direction.

3.2 EUMETSAT Meteorological Package

The EUMETSAT meteorological package consists of
the following instruments which will provide an
operational service to the meteorological
community:

The Visible Infrared Scanning Radiometer (VIRSR)
is a medium resolution across-track scanning
instrument designed to measure scene radiance in
seven spectral bands in the range between 0.6 to
12.5 urn. It provides for a linear scan across the
subsatellite track covering ± 1400 km.

The Infrared Temperature Sounder (IRTS) provides
for radiation measurement in twenty infrared
channels between 0.7 urn and 15 urn. The instrument
scans the Earth across track covering appr. 1900
km each side of the nadir.
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The Microwave Temperature Sounder (MTS) is a line
scanning instrument measuring radiance in 21
microwave channels ranging from 23 to 90 GHz. The
across track swath has a width of appr. ± 1000 km.

The Microwave Humidity Sounder (MHS) is a
complement to the MTS measuring the radiance in
five microwave channels in the range 90 to 190
GHz. It has the same scan width as the MTS.

The !«proved Atmospheric Sounding Infrared (IASI)
instrument performs interferometric measurements
in the infrared spectrum between 3.4 urn and 15.5
Mm. It scans the Earth across track covering ±
1050 km.

The Space Environment Monitor (SEM) instrument
measures the flux of charged particles at
satellite altitude which contribute to the
solar-terrestrial energy interchange.

The advanced Search and Rescue/3 (S ft R/3)
instrument is a transponder and distress locator.

The DCS/3 is a Data Collection and location System
operation at 401.65 MHz.

Finally the Meteorological Communication Package
(MCP) provides

data formatting, multiplexing and real-time
broadcasting of meteorological data to ground
stations,

a unique electrical interface between the set
of EUMETSAT instruments and the satellite.

3.3 Announcement of Opportunity Instruments

The AO Instruments presently considered for POEM-I
are summarized below.

The Advanced Along Track Scanning Radiometer
(AATSR) is a nadir and along track scanning
visible/infrared radiometer, imaging a 500 km wide
swath centred at the subsatellite track.

The Clouds and Earth Radiant Energy System (CERES)
is a nadir looking broadband radiometer, scanning
across track with the possibility to rotate the
scan plane.

The Precise Range and Range Rate
Equipment-Extended (PRAREE) is an active optical
and microwave sounder, measuring the 2-way range
and range-rate relative to dedicated ground
stations.

The Scanning Imaging Absorption Spectrometer for
Atmospheric Chartography (SCIAMACHY) is a passive
nadir and limb looking imaging spectrometer,
scanning the atmosphere between the Earth surface
and 90 km tangential height.

4. SPACE SEGMENT

4.1 Polar Platform Concept

The Polar Platform (PPF) is a modular system
providing for flexible adaptability to a wide
range of payload demands.

It comprises a Spot 4 derived Service Module (SM)
providing power, attitude and orbit control, and
command and control functions to the payload.

PAYLOAD PROPULSION
EQUIPMENTBAY MODULE

SOLAR ARRAY

SERVICE MODULE

PAYLOAD MODULE

Attached to the SM is the Payload Module (PM)
consisting of 2 to 5 carrier segments of 1.60 m
length each.

The lower three sections house the Payload
Equipment Bay (PEB) comprising electronic
equipment for payload support functions such as

PM command and control
PM power distribution
PM thermal control
Payload measurement data
handling and transmission.

The overall PPF characteristics are summarized in
the table below

PPF CAPABILITIES

Orbit:

Accommodation:

Payload Mass:

Power to Payload:

Measurement Data:

Pointing:

700 to 850 km, sun-
synchronous

2 to 5 bay Carrier, for
instruments and electronics

at least 2400 kg,

at least 2500 W average,
4100 W peak

Variable number of channels:
up to 3 DRS (Ka-Band) and 3
Direct-to-Ground (X-Band),
each of 50/100 Mbps

Up to 4 tape recorders:
capacity up to 30 Gb
recording 4 Mbps
replay 50 Mbps

0.15 deg to 0.1 deg with
star sensor option

Command & Control: S-Band TM/TC link

Lifetime: 4 to 6 years

Launcher: Ariane 4 or 5
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4.2 POEM-I Configuration

4.2.1 Configuration and Mass

The POEM-I payload accommodation respects all
relevant system and instrument constraints, in
particular the very demanding 180° cooler FOV
requirements to deep space of the EUMETSAT
instruments IRTS, VIRSR and IASI.

By introduction of a balcony structure on the PM
top panel a second cold space looking plateau is
created giving the required thermal radiator FOVs
for MIPAS, IASI and VlRSR.

The allocation of the ASAR and RA-2 as well as the
Data Handling System in the Payload Equipment Bay
is similar to ERS-1 and therefore allows to
maintain the thermal and radiation conditions
similar for those parts of the instruments which
are reused or only slightly modified w.r.t. ERS.

The SAR antenna is located as near to the SM
interface as possible to support good COG
conditions, being only separated from the SM
interface by the mid ASCAT antenna because of EMC
reasons.

The antennas for SSR/3 and DCS/3 require FOV
conditions which can only be achieved by using the
available passenger area on the SM. Due to the
fact that these instruments have fairly simple
electrical interfaces to the MCP this is not
considered as a major disadvantage. Accommodation
of these instruments on the PM would strongly
affect the possibility to embark other A.O.
instruments like CERES, besides that the EMC
coupling conditions for S&R/3 would be worse.

The overall instrument mass sums up as follows:

EDIs

EUMETSAT
Package

A. O. Package

Subtotal

Total incl.
mission spec,
items and
system margin on
EDIs

AMI Compl.

1030 kg

758 kg

311 kg

2099 kg

2223 kg

ASAR/ASCAT
Compl.

1340 kg

758 kg

311 kg

2409 kg

2670 kg

Comparing these actual budget figures with the
platform capabilities it can be concluded that the
mission is feasible, but that for the ASAR/ASCAT
completment further optimization and adaptation of
PPF capabilities is required.

4.2.2 Power

The power distribution on the PM uses unregulated
22 to 37 Volts power and heater busses to the
instruments and the Data Handling System. This
applies also for the operational package.

The worst case power demand of the POEM-I
instruments calculated on the basis of mission
profiles is given in the table below.

EDIs

EUMETSAT
Package

A. O Package

Subtotal

Total incl.
system margin
on EDIs

AMI Com
day

1075 W

978 W

482 W

2535 W

2679 W

Jl.
night

1052 W

978 W

464 W

2494 W

2628 W

ASAR/ASt
day

1089 W

978 W

482 W

2549 W

2742 W

;AT compi.
night

1051 W

978 W

464 W

2493 W

2676 W

The power budget shows feasibility of the mission
as well, but again further optimization and
careful analysis of combined PPF/POEM margin
allocations is necessary.

POEM-1 ASAR/ASCAT Complement
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POEM-I AMI Complement

4.2.3 Communication Links

Measurement Data Downlink

For the transmission of measurement data to ground
five alternative scenarios are presently
considered:

a scenario where all data are relayed via DRS
East,

a DRS scenario as above but using DRS West
only,

primary downlink to the Kiruna Station and
usage of DRS East to cover blind orbits,

the scenario as above but using DRS West, and

a scenario in which the DRS is not available.

The latter scenario involves besides the Kiruna
Station the station at Fairbanks to cover Kiruna
blind orbits. The stations at Fucino and
Maspalomas will also be used, primarily for
real-time transmission and for back-up purposes.

In addition to the downlinks defined above, the
EUMETSAT Meteorological Package provides within
the MCP continuous downlinks for local coverage.

The requirement for global coverage implies the
use of onboard data storage in both scenarios.

Depending on the scenario the recording of up to
114 min of measurement data with a data rate of 8
Mbps is necessary.
To downlink the maximum amount of stored data of
30 Gbit within the minimum ground contact time,
playback-rates of 50 Mbps for each recorder are
needed.

Measurement data with rates exceeding the recorder
capabilities will be downlinked via DRS or
directly to the ground stations depending on the
scenario.

For the downlink of the different categories of
measurement data, the following link channels have
to be provided:

3 X-Band channels of 100 Mbps used for

recorder dumps, (2 x 50 Mbps)
real-time transmission of all low rate
data (1 x 50 Mbps)

• SAR (nigh rate) real-time data
transmission (2 x 50 Mbps)

2 Ka-Band DRS channels for

either recorder dumps (2 x 50 Mbps) and
real-time transmission of all low rate
data (1 x 50 Mbps)
or real-time transmission of SAR data (2
x 50 Mbps) and all low rate data (1 x 50
Mbps)

EUMETSAT MCP links

HRPT (L-Band)
LRPT (VHF).

Command and Control Links

The satellite command and control will nominally
be performed on S-Band via the Kiruna Ground
Station. During launch and early orbit, the Kiruna
Station is supported by the ESANET TT & C network.
Also a Ka-Band link via DRS is possible if
required by special operational conditions.

AMI Complement Data Rates (kbps)

EDIs

EUMETSAT
Package

A. O. Instruments

Subtotal

Total, incl.
Formatting Overhead

recorder I

671

3 000

8

3 679

3 701

recorder II

2 466

-

1 051

3 497

3 575

real-time

34 497

3 000

2 502

39 999

40 747

SAR

100 000

-

-

100 000

100 000

recorder I

906

3 000

-

3 906

3 932

recorder II

2 800

-
1 059

3 859

3 944

real-tine

35 086

3 000

2 502

40 588

41 348

SAR

100 000

-
-

100 000

100 000

ASAR/ASCAT Complement

POEM-I Data Rate Budget
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4.2,4 Command and Control

The PM is controlled by the Payload Module
Controller (PMC). The command and control system
uses the standard Litton coded OBDH bus to
interface with the SM. A dedicated PM OBDH bus is
of the same type and uses the decentralized OBDH
structure with instrument control units (ICU) as
already proven in the ERS programme.

To indicate non-nominal attitude conditions to
sensitive optical instruments, in particular when
the PPF goes to the heliocentric pointing as in
SAFE mode, a dedicated depointing signal is
provided.

The nominal commanding of the various instruments
and the Data Handling System can be preprogrammed
up to 24 hours in advance providing autonomous
operation outside direct TC/TM station contacts.

The PPF timing and datation system allows datation
accuracies down to ± 1.5 msec.

5. SCHEDULE

The overall schedule, as given in the PPF/POEM-1
summary barchart, has been established under the
requirement of a launch date of raid 1998.

The delivery dates for the instrument models are

EM model :
May 1995 - September 1995

FM model :
July 1996 - December 1996

Assuming that the POEM-1 Preparatory Programme
lasts froni July 1991 to April 1992, and that there
is a direct transition into Phase C/D in May 92,
the following instrument developement schedules
must be met:

EM model : 21 - 29 months

FM model: 34 - 40 months.

From experience with instruments of similar
complexitiy these dates are very challenging and
imply early initialization of all time critical
activities, in particular the procurement of long
lead items.

*: - ' -. , -, *
Ti* Nut»
, ' '-- • x&

Major Reviews (under review)

PPF Development

Launch Préparation

Launch

CommisionincyOperations

POEM-1 Preparatory Program

Definition 1st mission

POEM-I Phase CVO

EMInelr.Del IaPPF(TeC)

FM Instr. Del. to PPF (TBC)

POEM-IPhB58E

PPF/POEM-1 Development Schedule

4.2.5 Thermal

Externally mounted instruments are thermally
decoupled from the PM and responsible for their
own thermal design and control. Instrument
electronics mounted inside the PEB are thermally
controlled together with the other PEB equipment
in an integrated manner as in ERS.

Instruments requiring cold space FOVs for thermal
reasons are located near the tip of the payload
carrier to ease the impact of the platform on the
design.
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MEDIUM RESOLUTION IMAGING SPECTROMETER (MERIS)
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100 Bd du midi, 06322 Cannes la Bocca, FRANCE

J.L BEZY
ESTEC, Postbus 299. 200 AG Noordwijk, THE NETHERLANDS

ABSTRACT

MERIS is a passive optical instrument that will fly on the First
Polar Orbiting EArth observation mission POEM-I, schedule for
launch mid 1998. The study of this instrument is currently carried
by an international team led by AEROSPATIALE. The instrument
primary mission goal is to monitor bio-optical ocean parameters
on a large scale. Secondary goals of MERIS include atmospheric
investigation on cloud and aerosols parameters and on land surface
processes.

1 MISSION DERIVED REQUIREMENTS

With oceanic observations as primary goals, the instrument has to
satisfy the following requirements:

- High radiometric sensitvity and accuracy in the spectral
range 400 nm to 1050 nm;

- Narrow spectral bandwidth with an average of 10 nm in the
visible pan of the spectrum for observation over open ocean and a
width of 5 nm at 682.5 nm to resolve the chlorophyll fluorescence
peak of phytoplanklon over coastal water;

- High registration betwenn spectral bands;

- Pull Earth coverage within three days;

- Spatial resolution at sub-satellite point of 1 Km over open
ocean and 250 m over coastal zones and land surfaces.

MERIS is required to acquire a minimum of 15 bands within the
spectral range and to be capable of modify the band setting in
flight, by telecommand. Both width and the position of the band
are programmable.

The instrument is designed to operate over a dynamic range that
extends from noise level to signals emanating from target as
bright as snow and clouds.

2 MERIS GENERAL DESCRIPTION

MERIS is a programmable imaging spectrometer with high
spectral resolution and medium spatial resolution. The instrument
will operate in a pushbroom mode with a large field of view (FOV)
of +/-41° across the track, covering a swath of about 1450 Km.
Such a large swath is required to cover the Earth in 3 days. The solar
radiation back-scattered will be simultaneously imaged in the range
400 nm to 1050 nm through a spectral dispersing system using a
diffraction grating.

The signal will be converted into electrical signals using Charge
Coupled Devices (CCDs). The push-broom line image of Earth
surface will be imaged in each spectral wavelength on a CCD line.
The line spectrum of each point in the Earth image will be formed
on a CCD column.

Image data acquisition requirements for MERIS shall be undertaken
in two resolutions:

(i) Full resolution mode : a minimum of 15 spectral bands to
be transmitted for only part of the time with a spatial resolution of
approximately 0.25 Km x 0.25 Km and a spectral resolution larger
than 2.5 nm. For this resolution MERIS shall be in direct
visibility of a ground station.

(ii) Reduced resolution : a minimum of 15 bands shall be
transmitted continuously with a spatial resolution of up to
approximately 1 Km x 1 Km and a spectral resolution larger than
2.5 nm .

MERIS shall be capable of measuring scenes of clouds radiance, for
PPF orbit characteristics, without saturation and be capable of
measuring scene of ocan radiance in the total field of view.

The instrument is corrected from radiometric and geometric
distortion induced by image taking process. Part of this calibration
is performed in board.

3 IMAGING CONCEPT - OPTICAL CONCEPT

3.1 Modular Design Concept

The optical imaging system comprises six identical optical
modules with overlapping field of view, each receiving a 14 degree
section of the total instrument field of view. The modules view
Earth through a set of six windows, as shown schematically in
figure 1

internal
calibration

source

optical
modules

depointing
mirror
fig 1 Imaging concept

I
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A clupointing mirror serves the purpose Io switchbelwcen the Earth
and the view of the on board calibration source.

1

Each optical module comprises a ground Lmagcr and a spectrometer.
The ground imager receives light from Earth and forms an Earth
image on the entrance slit of the spectrometer. The spectrometer
disperses the light and forms a dispersed image of the entrance slit
onio an area array CCD.

3.2 Ground Imager

The optical design used for the ground imager is an off-axis
catediotric system, shown in fig 2. Correction is aided by three
large lens elements preceding the primary mirror in the light path,
and by a field lens at the image plane. All the lenses are of fused
silica.
The focal length of the ground imager is 68.5mm, so that it images
a 260m ground pixel onto a 22.5 urn entrance slit width, from a
plate-form altitude of 800 Km. The catedioptric system is corrected
for a 50mm diameter entrance pupil area. However, the entrance
pupil is limited to an approximately rectangular area of 20mm x
40mm.
The catedioptric imagcr has an external entrance pupil, located at
an air-equivalent separation of 80mm from the pole of the front
lens surface. This allows the entrance pupil to be close to the outer
surface of the window with room for the depointing mirror between
the window and the modules.The optical design has a flat image
surface and is lelecentric to interface with the spectrometer.

3.3 Spectrometer

The preferred design for the spectrometer comprises a refracting
block and a concave reflecting diffraction grating, as shown in
figure 2.

Diffraction
««ling

Refracting
corrector

Spectrometer

Fig 2 Module optical design

The entrance slit of the spectrometer will be located approximatly
at the centre of curvature of the diffraction grating, on a flat face of
the refracting block. The opposite outer face of the block is
spherical, and is concentric with the diffraction grating.
The concentric optical system forms a dispersed image of the
entrance slit in the plane of the flat face on which the entrance slit
is formed. The CCD will be located close to this face. A blocking
filter will be included in the construction of the spectrometer
refracting block.
The pupil of the system is located at the grating. The system is
telecentric at both the object and image planes. This off-axis
arrangement is selected in order that light reflected from the CCD
does not return to the grating

3.4 Depoinling Mirror

The depointing mirror receives light from Earth, via six windows,
and reflects the light into all of the modules.

The concept for relative spatial calibration requires the depointing
mirror to be rotated through 90 degrees from the Earth-view
position, to bring a sun- illuminated integrating sphere into the

fields of all optical modules. The mirror will be rotated through
about -135 degrees from the mean Earth-view position to bring a
baffle across the apertures of the ground imagers, for dark level
calibration.

3.5 Polarisation Scrambling Windows

The Earth-view windows of the instrument will be located at the
entrance pupils of the optical modules. The windows will be used to
reduce the effective polarisation of the instrument, as well as for
protection of the following optics.

Each window will be constructed of two wedges of crystal quartz and
one wedge of fused silica, the three wedges cemented together. The
quartz wedges will provide the required depolarising effect. The
fused silica wedge will be designed such that the external faces of
the window are parallel.

The quartz elements alter the state of polarisation of the
transmitted light, the change in polarisation state depending on
the thickness of quartz. The wedge in the quartz elements produces a
change in polarisation state which varies across the optical
aperture. This effectively depolarises the transmitted beam.

3.6 Baffles

An external baffle will be included to reduce straylight from Earth
light and external source (plateform, other instrument..).

4 FOCAL PLANE ASSElVfBLY AND DETECTION BOX

The MERIS instrument will require 6 area array CCDs one per
optical module. The selected CCD type is a thinned, back
illuminated version of an EEV P88200. It is a frame transfer CCD
with 770(H) x 576(V) detector elements in both image and storage
areas. It utilises three-level polysilicon technology, three phase
clocking and buried channel charge transfer. The element size is
22.5 urn x 22.5 ^m.
A schematic of the CCD architecture is shown in figure 3. Arrows
show direction of charge transfer between the image and storage
area and along the readout shift register. Output amplifiers exist at
both ends of each register. One amplifier on each register is
designed for low noise read out conditions, and the other for high
speed, large signal operation .

imaging zone

400 nm

storage!
, zone ,

shlfl register

IDSOnm

Fig 3 CCD architecture

MERIS will utilise the high speed, large signal capacity output-
amplifiers to handle the predicted useful signal levels of 2 million
electrons.
The CCDs will electrically interface with the detection boxes.
These in turn interface with the analogue electronics section, DC
converter, the CCD sequencer and control unit (thermal control).
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: The electrical inicrfaccs of the detection boxes are therefore:
4

:' -Analogue Processing Unit
-CCD Sequencer
-Control Unit

; -DC Converter

The CCDs will be operated at a nominal temperature of 20 0C.

During the imaging mode the temperature of the CCD shall be
controlled within +/- 0.250C the corresponding calibration cycle.
To maintain this stability the CCD will be coupled to a radiator
through a heat pipe and the deietection box. An active thermal
control loop will be incorporated with a resistive heater and
temperature monitor in the vicinity of the CCD. The optical
module nominal temperature will be 2O0C. The detection boxes.are
decoupled from the optical module.

5 DATA PROCESSING

The CCD's signal is processed in order to reach spectrometric,
radiometric. and geometric performances on the image.

•**"' 5.1 "Spectrometric" data processing

The instrument acquire and transmit 15 bands. All these bands can
be programmed in width and wavelength: width is programmed by
selecting the correct number of CCD lines which will be added
together to form the band, wavelength is programmed by selecting
the first CCD line for this spectral addition. The spectra! addition
is performed in 2 steps:

"on-chip spectral integration": selected CCD lines are added
directly in the CCD output register. The partial bands so formed are
referred to as micro-bands.

"spectral relaxation": the micro-bands will be digitally
: added, after analogue to digital conversion, to form the final
/ requested bandwidth.

5.2 "Radiometric" data processing
P

,• To meet radiometric requirements, CCD's output signal goes
through the following analogue and digital processings:

-Preamplification
*•

-Gain adjustments : There is a large variation of detected
signal levels across the spectrum coming from natural varing
spectral intensity of the scene and of the spectral characteristics of
electro-optical components. Analogue gain adjustments are
required to ensure that the CCD noise level is equal Io or larger than
a single ADC bit and that the maximum signal level can be
accommodated.

-Correlated Double Sampling : Correlated Double Sampling
is used to restore the DC levels of the CCD signal and to reduce
important noise terms such as reset noise.

-Analogue to Digital Conversion : Due to radiometric
requirements, digitization shall be to 12 bits.

-Smearing correction : This processing is needed to remove
theunwanted charges integrated by the CCD lines during the

; transfer of the signal from the Image Area into the Storage Area.

-Offset and Gain correction : This correction is needed Io
correct, pixels by pixels, for DC offsets and gain variation due to
instrument components non-uniformities (CCD's, optics,

/ calibration devices) and their aging. Coefficients for these
corrections are computed. On-board. during the relative spatial
calibration sequence.

-Atmospheric and solar illumination correction : This
correction is performed on-ground, and is needed to derive, from
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the data acquired at satellite level, the requested information which
is the scene reflectance observed on ground and to take into
account the illumination angle of the different pixels.

5.3 "Geometric" datq processing

-Spatial and Temporal relaxationThe 15 programmable bands are
acquired in 2different spatial resolutions :

*"Full Resolution"(FR): in this case IFOV is equal to 250
m x 250 m at sub-satellite point and it is given by the CCD matrix
pixel size, and the 37.6 msec integration time.

*"Reduced Resolution"(RR): in this case IFOV is equal to
IKm xlKm at SSP and it is obtained by spatial and time relaxation
Spatial relaxation consists in making a weighted addition of 4
adjacent pixels in the across track direction Time relaxation
consists in adding 4 consecutive frames for the along track-
direction.

-Determination of pixels location on ground This processing is
performed on ground, and will use satellite attitude and orbit
restituted data, MERIS depointing mirror rotation and datation
information (generated by MERIS), and possibly ground control
points.

5.4 On board processing flow

For each module, the signal processing flow is the following:

-FR

-RR
CCD

ON-CHIP

INTEGR.

^J>REAMF GMN I Ln-IU)JUSiJ |cDsrEl-
I ANALOGUEPART |

ANALOGUE IMAGING
CHAIN SUB-SYSTEM

,-,P-T-J
fepECTlïMEAsI OFFSETlI

"pELAXrl COR I" GAIN [ ~

I DIGITAL PART

X.T

F-**

I
SCIENCE DATA

PROCESSING SUB-SYSTEM

6 CALIBRATION

6.1 calibration function

The instrument process on-board the following in-flight
calibration capabilities to:

-Relative spatial calibration: viewing an ideal spatially
uniform scene, the instrument should give the same response for
all pixels of a given band. This requires an offset and gain
correction Offset correction is performed by a dark level
calibration and smear correction; the former is obtained by
obscursing the optical modules aperture; then the offset values
(dark current leveOare directly given by the detectors responses and
stored for further processings. Gain correction is performed by
illuminating the module with a spatialy uniform source

-Absolute calibration: this calibration relates the
instrument read-out signal to the measured radiance target. A
absolute scene illuminates a part of the field of view.

-Relative spectral calibrationnhis calibration is needed to
compare the measured radiance in the different bands.

-Wavelength calibration: this calibration is used to verify
the spectral dispertion function of the spectrometer by
illuminating all the modules with a calibrated monochromatic

6.2 On-Board Calibration Hardware Concept

The concept for on-board calibration uses separate light sources for
relative spatial calibration and for absolu'E spectral calibration.
Dark-level calibration is provided by use of the depointing mirror
as a shutter
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The concept for relative spatial calibration is shown schematically
in figure 4. The depointing mirror will be rotated through
approximately 90 ) from its Earth-view position. It will then
reflect into the six modules light from the interior of an
integrating sphere. The integrating sphere will be sun-lit through a
small slot aperture. Sunlight will be focused onto the aperture by a
sim lens.

A second slot aperture will be provided for wavelength calibration.
The path of light from the sun lens to the second slot will include
an optical filter modifying the spectral distribution of light from
the sphere.

The sun lens aperture will be protected by a shutter which will be
opened only for calibration proposes.

figure 5 electrical architecture

fig 4 calibration hardware

Radiometric calibration readings will be taken when the satellite is
over the Antarctic, when the direction of incident sunlight is in the
module plane of the instrument (and the sun lens focuses light
through the slot aperture in the sphere).

The integrating sphere will provide illumination of all modules,
with a good uniformity and stable during the life time, across the
six fields module field of view. The readings will not take account
of changes in spectral transmissions of the Earth-view windows, or
of differences in transmissions of the six windows. Relative

spatial calibration between modules will be performed by
comparing Earth signals from adjacent modules in their overlaping
field of view

Absolute spectral calibration will be provided by 2 flat diffusers
(one redundant) deployed into the fields of the two extreme
modules, while the satellite is over the Antarctic. The diffusers will
be sun-illuminated at an angle of incidence of 30 degrees in the
view section.

The signals received from the absolute calibration diffuser will be
compared with signals from the integrating sphere in the same
module fields, for each measured wavelength. The modified data
will then be corrected for changes and errors in spectral radiance of
the integrating sphere and for changes in spectral transmission of
the Earth view windows, to provide coefficients with absolute and
relative spectral and spatial validity.

7 FORMATING AND ELECTRICAL ARCHITECTURE

The data acquired in the two resolution parameters will be formatted
and transmitted to the Payload Data Handling and Transmission
sub-system through two separate interfaces. Formatting process
adds the auxiliary data to the observational data in order to generate
the MERIS measurement data, and performs packetisation of image
formats.

Auxiliary data contains all MERIS information exept all Plate-form
data given separatly, to allow ground image processing. In
particular MERIS generates datation information in order to relate
image taking time to the image format number.

The electrical architecture is given on figure 6 and lake into
account the following boxes:

6 detection units associated withe each cameras
1 Analogue processing units including 7 analogue chains (1

for redundancy) and CCD sequencer
1 Image DC/DC converter supplying the deteciion units,

and analog processing units
1 Digital processing unit including 7 digital chains (1 for

redundancy) in serial link with the 7 analogue chain, formatter.
1 Control box including microprocessor, interfaces thermal

and motor control
1 Distribution box. interfacing with the platform power

buses, the thermal control and depointing mirror
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8 MECHANICAL/THERMAL

instrument, i.e containing
mechanical devices and

MERIS is designed as an autonomous
all electronics, optics, thermal and
mounted externally to the platform on the earth panel..

MERIS structure supports optical components, calibration devices,
electronic units, harnesses, radiative panel and other thermal
control parts, and withstands the mechanical and thermal loads
occuring on Earth, at launch and in orbit.

MERIS structure ensures pointing stability for all optical devices
and is composed of:

-The base plate supporting optical, electronic équipement,
radiators, integrating sphere and its support.

-The optical bench which supports optical elements
(spectro-imager, windows etc...).

The optical bench is isostatically supported on 3 points in order to
avoid internal stresses and thus to ensure a good internal stability
for the instrument.

The mechanical layout is represented on figure 6

Fig 6 mechanical layout

MERIS include 3 separate mechanisms to perform the following
movements:

Mirror depointing

Diffusers deployment

Sphere obscuration

MERIS insures the global thermal control of all its equipments in
all modes and is thermally insulated from the platform. Dissipated
power is drained to radiators located on faces having a direct view
to open space.

9 INTELLIGENT INTERFACING TO PCCSS

MERIS insures intelligent interfacing to the Payload Command and
Control Subsystem through a standard hardware and software
interface . This means that MERIS will perform:

-acquisition, scheduling, expansion and verification of the
instrument tclecommands

-acquisition of instrument units telemetries, autonomous
control of instrument health

-reporting on instrument health and configuration to
PCCSS

-instrument internal history recording capability

During the life time the differrent modes are the following:

-Inactive modes
*Launch mode
*Off-mode
*Reset/Wait mode
*Stand By mode

-Active modes
*Heater mode
*Heater Refuse mode
*Back-up mode
*0perational mode

*Reduced resolution mode
911FuIl and Reduced resolution mode

"•Calibration mode

MERIS receives from the PPF 4 unregulated power buses:

-2 ICU power lines (A+B)This power bus is dedicated to the
ICU. Intelligent Control Unit, making the interface with the
Payload Command and Control Subsystem.

-2 Nominal power lines (A+B)From this power bus , MERIS
generates all the necessary supply lines necessary for its internal
needs during "active" ICU modes.

-2 OFF mode heaters power lines (A+B)This lines brings
Thermal Control power during MERIS OFF mode

-2 Safe mode healers power lines (A+B)These lines provide
Thermal Control power during MERIS SAFE mode

10 PERFORMANCES
10.1 snectral performance

spectral range
spectral sampling interval:
Band selection :

400nm - lOSOnm
1.25nm over full range
15 programmable bands in
width and position

10.2 Spatial performance

Swath width

IFOVSSP:

MTF:

Polarisation sensitivity :

10.3 Geometric performance

1463 Km at 800 Km for 0~
depointing
HR 251 m x 248 m
LR 1 Km x 1 Km
30 % for the Nyquist
frequency
0.3%

All the MERIS geometric image can be corrected by ground
processing (§ 5.3). Also there are given in two following items:

-Raw image where all the misalignments (MERIS and Plate-
form) are take into account

-Corrected image where all the instrument bias. PPF
misalignment, PPFattitude and PPF orbit are corrected by ground
processing
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Wavelength (nm)

figure 7 radiometric resolution across 400-1050nm : 0.07 %

Absolute localisation: this performance indicates the capability to -Absolute : 2 % in the spectral
determine each pixel position on ground: range 400-6SOnm

IFlW = 250 m aloni: In
Raw Imapc (IFOV) 37. h
Corrected Image (IFOV)

Predicted orbit 5,7
Restituted Orbit 4.4

ck across track -Wavelength accuracy :
14.7

1.7
1.7 Mass :

Relative localisation: this performance indicates the regularity of Dimension
he spectral sampling:

IFOV = 250 m along Ira
Raw Imajx- (IFOV) 15.7
Corrected Image (IFOV)

Predicted orbit 4.''
Restituted Orbit 3.2

ck across track _

Operational max :
•' Stand by max :

1 nm

15» kg

L : 1478 mm
I : 870 mm
H : «82 mm

184 Watts
<>1 Watts
inn Wan«

Spectral registration: this performance indicates Io which spatial
accuracy images corresponding to different wavelength can he
superimposed:

IFOV = 250 m
Raw Imace (IFOV)
Corrected lmaue (IFOV)

aloni! track
0.2
0.2

across track
0.2
0.2

Rel iabi l i ty :

Command data amount:
Channel 1
Channel 2

0.88 for 4 years

RR image at 1.5 Mbits/s
FR image at 21.2 Mbits/s

10. -4 Photometric resolution

The instrument measures radiance received at satel l i te level.
Nevertheless MERIS radiometric resolution is expressed in terms
of noise equivalent raditance INeDI) and are given in the figure 7
for 3 different level of radiance and for reduced (4x4) and f u l l
resolution (1x1) .

111.5 Calibration erformance

-spatial relative calibration, given in noise equivalent
radiance

Field of view
across 10 pixels
across module
across FOV

Full resolution
107
110
115

reduced resolution
64
0(1
74

-Spectral relative

across 10 nm :
across lOOnm :

0.Oo <
0.07

I l CONCLUSION

MERI-S is a pushbroom imaging spectrometer which is optimi/ed
for oceanography investi on a large scale. The instrument provides
outs tanding radiometric performances which are required for
océanographie measurement. As a large swath instrument, MERIS
wi l l K1 capable to monitor the rapidly changing ocean parameters.
The instrument dynamic range has been extended to permit the
detection ot bright targets such as clouds. The design offers the
very high spectral resolution required, not only over open ocean,
hut also to resolve the chlorophyll fluorescence over coastal /ones
and to retrieve cloud top height through the bands positioned
within and outside the 7(>0 nm (>2-A band. The instrument has the
unique capability of changing in flight iho position and width of
the 15 spectral bands acquired.

The extensive design studies and hrcadboarding activities have
demonstrated the feas ib i l i ty of the instrument and its
accomodation on board of the European Polar Plateform.
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ABSTRACT

MII'AS (Michelson Interferometer for Passive Atmospheric
Sounding) is a high resolution Fourier-Transform spectrometer
to measure concentration profiles of stratospheric constituents on
a global scale. It is selected as an ESA-payload tor the first
Polar Orbiting Karth Mission POEM-I.

MIPAS will observe the atmospheric emissions at the horizon of
the Earth (limb) throughout the mid infrared region, which
allows the simultaneous measurement of more than 20 key trace
gases, including the complete NO,-family and several CFC's.

The design of MIPAS faces many challenges: it is the first
spaceborne high-resolution Fourier-Transform spectrometer
designed for the observation of limb emissions. The need to
achie\e the required radiometnc sensitivity and accuracy
required for this type of measurement, the pointing knowledge
and pointing stability during an interterogram recording, as well
as the lifetime goal of four years of continuous operation drives
the design of MIPAS.

Key\\«nl.\
Remote Srming. Stratospheric Chemixtry, Fourier-Transform
Spi'ctniicnfty. Limh Emixxion Spectroxcopv, Infrared

I. INTRODUCTION
M l P A S is intended to perform global observations of a number
nf photochemical!} interrelated trace gases in the middle
atmosphere, in the tropopause region and in the upper
tropONphere. These data will be important contributions to the
development of a better understanding in the following research

Stratospheric Chemistry: global Ozone problem, polar
stratospheric chemistry.
Global Climatology: global distribution of climate relevant
constituents.
Atmospheric Dynamics: stratospheric transport, exchange
between troposphere and stratosphere, and
I'pper Tropoxpheric Chemistry: correlation of gas
distribution with human activities.

MIPAS is designed to measure simultaneous about 20 relevant
trace gases, including the complete NO1-family and several
CF<"s>. In addition, atmospheric temperature as well as the
distribution of aerosol particles, tropospheric Cirrus and

stratospheric ice clouds (including Polar Stratospheric Clouds)
can also be derived from MIPAS data. Fig. 1 shows the
atmospheric parameters that have been identified as measurement
candiates for MIPAS. and also indicates the height range where
they can be detected.

MIPAS can determine these atmospheric parameters

simultaneous for all species,
with global coverage,
during day and nighttime conditions (allowing to observe
the diurnal variation of trace species), and

- throughout its mission duration of four years.

Thus MlPAS provides unique capabilities and promises to
become an important research tool for atmospheric sciences.

vw STRATOKPIIKIU: MKSOSFW»:
'Wrinprraturr

5 km IM

Fig. 1: Altitude coverage of atmospheric parameters
to be measured by MIPAS

2. REQUIREMENTS
In order to meet these objectives. MIPAS has to fulfil stringent
measurement requirements, as summarized in Fig. 2. The spectral
coverage is set from 14.6 |jm to 4.15 nm '685 cm"1 - 2410 cm
'). This range covers almost the complete thermal infrared
region, and th«s emission lines of most atmospheric species are
present. A Fourier-Transform spectrometer is ideally suited to
perform measurements of such wide spectral coverage with
highest possible sensitivity.

"qs r' r-he Central Symposium ol the International Space Year Conference HeIa <n Munich Germany 30 March-4 April 1992
34' J1A '992.
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spectral range

spectral resolution

tirtvj per spectrum

radiometnc sensitivity

radiometric accuracy

Instantaneous Field-of-View
Observation Range

elevation
azimuth

spectra per elevation scan

time per elevation scan

685 .. 2410 cm'
[14.6 .. 4.15 MN
0.05 cm'
[35000 spectral samples]
4 s

70 .. 1 nW/cmVsr/cm1

1 .. 3 % of measured radiance

3 x 30 km at limb

5 ... 150 km at limb
rearward and sideways
ranges
16 to 75 (depending of
spectral resolution)
75 sec (500 km ground trace)

Fig. 2: MIPAS performance requirements

The high spectral resolution of 0.05 cm"1 (corresponding to 1.5
C i H ? ) is necessary to resolve lines in the spectrum and u. reduce
the interférence of overlapping spectral features. With this high
spectral resolution. MIPAS provides a total of 35000
independent spectral samples in each spectrum, which ' is
measured within 4 s. MI PAS is designed to perform
measurements also with a lower spectra! resolution in shorter
time fur special measurement opportunities.

The radiometric requirements on MIPAS are highly demanding.
A good radiometric sensitivity is essential to allow detection of
weak atmospheric signals without additional averaging. It is
obvious that the instrument must be cooled to achieve this
sensitivity goal.

The requirement on radiometric accuracy is equally stringent. A
calibration accuracy in the I - 3 % range is difficult to achieve
even for ground based instruments. However, a good absolute
knowledge of the received radiance is important to retrieve the
atmospheric temperature of the emitting layer, which is a key
parameter in the data retrieval.

Fig. 3 shows the basic observation geometry of MIPAS. The
instrurm nt is capable to perform measurements in two pointing
regimes: H 's capable to point its l.ine-of-Sight LOS within a 35
deg wide range in the antiflighl direction, and it can view also

15 Sfwctra
(4 s each)
9 .. ISO Im

[Tangent flsint
Ground Track

Rg. 3: MIPAS observation geometry

within a 30 deg wide area in the anti-sun direction. The
rearward viewing range is used for most measurements, as it
provides a good earth coverage including the polar regions. The
sideways range is important for observation of special events,
like volcano eruptions, trace gas concentrations above major air
traffic routes, or concentration gradients along the dusk/dawn

lines.

MlPAS obtains a series of spectra from different limb heights to
allow the retrieval of species concentration profiles from the
interferograms. One basic elevation scan sequence comprises 16
high-resolution spectra (or up to 75 spectra with reduced
spectral resolution) and takes 75 s (corresponding to a forward
motion of the spacecraft of 500 km). A typical elevation scan
starts at about 50 km limb height and descends in 3 km steps to
8 km. but MI PAS is sufficiently flexible to perform any
elevation scan sequence within the range of 5 to 150 km limb
height, even with variable step sizes.

It is a goal to determine the geometric limb height by pointing
information from the spacecraft with a standard deviation below
600 m. As the tangent point is up to 3280 km away from the
spacecraft, a LOS-pointing knowledge with respect to nadir of
better than 0.01 deg ( Ia) is thus required. A very high stability
of all assemblies affecting the LOS-pointing is a design driver
for MIPAS.

3. MIPAS DESIGN

3.1 Overview

Fig. 4 shows, the overall layout of MlPAS as it is mounted on
the tip of the Polar Platform PPf. It comprises two separate

assemblies:

- the Optics Module with the azimuth and elevation scan units
and the receiving telescope, the interferometer and the focal
plane subsystem, mounted on the tip of the PPf. and

5<>dulei, '"x

** 1 "a

'^5>\ ''
**i'' I---'"

Rg. 4: MIPAS instrument on the tip of the Polar Platform
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the l.lectronies Module with several boxes mounted on a
common carrier plaie to house the signal processors and the
instrument control electronics on the Xenith side.

I ho dimension» of MIPAS can be estimated by the scale
indicated in the figure. The optics module is about 0.9 m long
(in (light direction). 1.1 m high (nadir direction) and 0.4 m deep
(cold -.pace direction).

(he housing of the Optics Module carries several radiators:

a large radiator to cool all optical components of the
instrument to about 2IO K to reduce the thermal background
of the instrument.
two separate radiator surfaces to cool the compressor and
displacer units of the Stirling cycle coolers that reduce the
temperature of the h'ocal Plane Subsystem to 70 K.

All coolers are tilted awa.y from nadir to reduce the thermal
tadiance from earth and thus to improve their efficiency. This tilt
yi\es the Optics Module a distinctive wedge shape.

Helow the Optics Module are the two baffles that reduce the
.imount of stray light entering MIPAS. The baffle for the
rearward \ie\\ing range needs to extend sufficiently far from the
fii-.t optical component to avoid sunlight to enter, when the south
pole region is observed during the summer period. In this case,
the minimum angle between sun and line-of-sight can become
as small as about 5 deg.

l-ig. S -,hows the layout of the optics module the optical path of
MII'AS from the entrance baffle to the detector elements in the
cold unit. The layout of the major assemblies is clearly visible
in the drawings.

I he subsystem architecture of MIPAS is displayed in Kig. 6. It
follows a brief description of the major subsystems in the order
as they 'process' the incident radiation into calibrated spectra.

Stirling-cycle
coolers;

compressors

Focal Plane Sub.
&
8 CMT Detectors

Anamorphotic

Azimuth
Scan Drive

Elevatii
Scan Drive

Cold Span
RBrB rWCQ

AtfMspMric
limb

Emissions

! kiîPfiS Space Segment
j Calibration Reference Stirling Instrument *

\ l Blachfiooy Lnser Cooler Control Unit -

|*(TronttnaTf inter 1 .[focal Plane] JSKnarrëbcessine
-Lj Optics J ]̂ lerometer J ^ ] SubsystemJ*] Subsystem

in

%

1

MlFWS Ground Segment
Derivation of I ^transformation

concentration profiles \4\ nto calibrated
and other prooucts | spectra

Rg. 5: Optics Module

Rg. 6: MPAS functional blockdiagram

3.2 Front-End Optics FEO

The KHO comprises all assemblies, that determine the line-of-
sight direction, the instantaneous field-of-view and the receiving
area of MII'AS:

Azimuth Scan Unit ASl)

The azimuth pointing mirror can be rotated through a large
angular range to cover the two field-of-view regions, and also
to access an internal calibration blackbody source for gain
calibration. A flat steering mirror can be rotated about an axis
parallel to nadir to direct the light into the instrument. This
steering mirror has a dimension of about 300 mm in height and
100 mm in width and thus forms the largest optical component
of MIPAS.

A second function of the ASU is the protection of the interior of
the Optics Module from contamination: a shield is mounted
behind the steering mirror and rotates with it. When the mirror
is turned to an end stop, the shield closes the input aperture to
prevent contamination products to enter the instrument and to
settle onto the cooled optical surfaces within the Optics Module.

- Elevation Scan Unit ESU

The elevation pointing mirror determines the actual limb height
of a particular measurement, and thus has to provide a very high
pointing accuracy. It comprises a flat steering mirror that rotates
about an axis that is orthogonal to nadir and flight direction. The
angle covered by this mirror is less than 3 deg which is
suffidV t to reach limb heights between 5 km and 250 km: the
high value is used for measurements of cold space to determine
the instrument self emission for offset calibration.

Telescope TEL

The next subassembly of MIPAS is the front-end telescope tha,
collects the incident radiation and matches it to the input
dimensions of the interferometer. It also defines the Instantane-
ous Field-of-View IFOV of MIPAS.

Driven by the demand for an atmospheric objects size with a
large edge ratio (30 km horizontal to 3 km vertical dimension),
the telescope is an anamorphotic design with a high
magnification in elevation, and a small one in azimuth. A trade-
off to reduce the overall volume of telescope and interferometer
resulted in a design with a magnification of 6 in elevation and
I in azimgth. The input aperture of the telescope is 50 150 mm2.

t
\
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and thus the troc aperture of the interferometer is 5025 mnv.

A small field stop in the focal plane of the front-end telescope
is used to define the instrument IKOV. Thus the view geometry
of all following! components is uniquely determined by this
component and not by the position of the detector elements, and
accordingly all detection channels view the same atmospheric
volume at the earth's limb.

- Calibration Blackbody C1BB

Mounted in the ASU is the Calibration Blackbody, used for the
in-flight calibration of the instrument responsivity. It needs Io
completely fi l l the IFOV. so it must be rather large (15050
mm'). It is derived from the blackbody design for the Along-
Track Scanning Radiometer ATSR on the ERS-I satellite. Its
emissivity is above 99.6 %. so that a high precision for the gain
calibration can be achieved.

.V3 Interferometer INT

Overall Design

During the early development phases, numerous design options
for the 'Michelson'-type interferometer have been analyzed with
the goal to find the most compact solutions that promises to
achieve the radiometric and spectrometric performance
requirements, and to allow a lifetime of four years of continuous
operation in space.

A symmetric dual slide interferometer with dual input- and
output ports has been selected, as it provides highest detectable
signal at the outputs, least amount of unknown design features,
and highest degree of redundancy.

Fig. 7 demonstrates the basic operating principle: the incoming
atmospheric radiation is directed to input port 1. while input port
2 is kept as dark as possible by viewing into an internal cold
blackbody. The inputs are divided at the beamsplitter and
directed to the moving cube corner mirrors, which return them

Cube Corner 1

Beamsplitter, ,

Cube Corner 2

Input Output
1 2

Rg. 7: Schematic dual port, dual slide interferometer

to the beamsplitter for recombination and detection at the two
output ports. Due to the varying phase of the «combined beams,
the intensity at the outputports varies as a function of optical
path difference.

An interferogram is the recording of the modulated signal as a
function of path difference, achieved by moving the retro-
reflectors in a linear motion and sampling the signal at the output
ports at regular path differences intervals (the required sampling
accuracy is about 30 nm). To achieve the specified spectral
resolution, the required maximum optical path difference

between the retroreflectors is ±20 cm. corresponding to a
mechanical motion over a 100 mm long path of each cube-
corner.

This interferogram is the Fourier Transform of the spectrum of
the recorded radiation. A realistic interferogram. however,
requires additional corrections to correct for phase distortions
from uncompensated dispersion of optical elements in the
interferometer. To provide most flexibility in the
retransformation to the spectral domain. MIPAS transmits
interferograms to ground for on-ground processing.

Fig. 8 shows the actual i.iiplementation of the interferometer in
MIPAS. It has a folded path to allow a more compact
arrangement of the interferometer and to allow better
compensation of the momentum generated by the cube corners
during the reversal of their motion. The incident angle of the
radiation onto the polarizer is 30° to reduce polarization effects
by the beamsplitter. I t follows a brief description of its major
subassemblies.

to
Output
'Port 1

Cube Coi

Interferometer
Bearings

Beam

Rg. 8: MIPAS dual slide interferometer

Interferometer Optics INO

The interferometer optics comprises the beam splitter assembly,
flat steering mirrors and the cube-corners on the slides. The
beam splitter itself is quite critical, as it must provide a
reflectivity near 50 % throughout the broad spectral range, but
must also avoid any étalon effects from interference witli the
anti-reflection coated second surface, and should possess the
same optical thickness in both interferometer arms. The best
design solution is to use two wedges of the same material, that
are mounted closely together.



1151

Interferometer Drive Units !Dl)

The two identical IDU's are performing the actual translation of
the cube-corners. Linear magnetic actuators behind the cube
corners generates the drive force.

The slides are guided by mechanical bearings. The lifetime goal
of four years continuous operation corresponds to about 14
million motion cycles for each of the bearings. Initial lifetime
tests have shown that dry-lubricated (MoS^-coated) roller or
ball-bearings operating only lightly preloaded can well achieve
this lifetime goal.

The difference velocity between the two slides must be
controlled with less than 2 % error. A drive control loop
processes the inputs from the Optical Path-Difference Control
System and from absolute position sensors in each IDU to
maintain the difference speed within this tolerance, and to keep

each slide centered.

Optical Path-Difference Control System ODS

The optical path difference for interferogram sampling and the
accurate difference speed of the cube-corners is derived from a
laser interferometer in the same set-up. It uses a single-mode
1.3 jjm-diode laser which is mounted in the warm part of the
Optics Module near the Stirling coolers. The output from the
diode laser is guided by fibre optics to the interferometer. Care
is taken to guide the reference laser beam along the same optical
pa'h as the received atmospheric radiance.

3.4 Focal Plane Subsystem FPS

Overall Design

The two output beams from the interferometer are reduced in
size by two small off-axis Newton telescopes, and directed into
the cold Focal Plane Subsystem, which houses the signal
detectors with their interfaces to the active coolers, as well as the
associated optics required for spectral separation and beam
shaping.

The complete FPS is cooled to about 70 K by a pair of Stirling
coolers.

Detector/Preamplifier Unit DPU

To achieve the specified radiometric sensitivity, detectors have
to be optimized for a specific spectral band. An analysis has
shown that four spectral bands in each interferometer output port
are required to aciiic>-e the low instrument noise contribution and
to provide some redundancy at the long wavelength region. Thus
a total of eight detector elements are used in MIPAS.

In the long wave spectral region (14.6 to about 10 (am), only
photo-conductive HgCdTe-detectors (PC-CMT) are capable to
meet the specifications on low noise contribution and electronics
bandwidth. At the shorter wavelengths, photo-voltaic HgCdTe-
detectors (PV-CMT) are the best choice. The detector elements
need to be cooled to about 70 K to reduce their internal noise
contribution.

The preamplifiers are individually optimized for each detector
and must fulfil stringent requirements on noise, phase distortions
and linearity. The cold part of the preamplifiers is mounted in
the detector housing.

Thermal Control Coolers TCC

Active coolers allow to reach these temperatures under all oper-
ating conditions. Split-cycle Stirling coolers with a performance
that satisfies the cooling requirements of MIPAS (500 mW heat
lift at 70 K temperature) are in advanced development status. A
twin cooler arrangement is selected, comprising two identical
compressor and displacer units that operate synchronized to
compensate most vibrations from the oscillating pans.

Focal Plane Optics FPO

The Focal Plane Subsystem also comprises an array of
beamsplitters and steering mirrors that separate the input from
the two interferometer ports to the different spectral bands, and
the optics required to illuminate each detector element. As the
eight detectors are mounted in a small space, all optical elements
have to be mounted and aligned in a tight package. Thus,
although the Focal Plane Subsystem is conceptually a simple
design, the numerous interfaces between the optics, the detectors
and the coolers under the constraints of good thermal insulation
and high alignment stability of the optical components result in
complex specifications and potential development problems.

3.5 Signal Processing Subsystem

On-board signal processing electronics performs the following
functions:

- amplification and filtering of the analog detector outputs,
digitization (12 or 14 bit, 100 kHz) of each signal.

- digital filtering to reduce bandwidth.
- combination of some detector outputs, if appropriate, down-

sampling, wordlength reduction and data compressing to
reduce the data rate.

- combination of all output data, formatting and transmission
to the Platform Data Handling & Transmission interface.

The analog parts of the Signal Processor Electronics are mainly
located near the optics module, while all digital components fill
one of the boxes of the electronics module.

The interferograms and pointing data are downlinked to ground,
where the phase correction, apodization. retransformation and
calibration is performed to yield the atmospheric spectra. Further
processing of these spectra to derive concentration profiles of
atmospheric constituents is also performed by the ground
segment.

3.6 Calibration

Radiometric calibration is performed using two measurements:

- a measurement of cold space determines the internal
emission of MIPAS and also yields the information about
phase distortions required for the phase correction of the
interferograms.

1
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a measurement of the internal calibration blackbody source
allows to calibrate the instrument response.

The cold-space calibration needs to be performed frequently to
determine all variations of the self emission from temperature
variations. It is envisaged to perform a cold-space measurement
after each elevation scan sequence (all 75 s). and is completed
within less than 15 s. It comprises several low resolution
interferometer sweeps that are coadded to reduce noise.

Another calibration mode is required for the in-flight
determination of the actual Line-of-Sight pointing biases. This
LOS-calibration is based on the observation of stars moving
through the IFOV with the short wavelength channels. The actual
time of star observation is correlated with the expected time as
computed by the pointing information from the Attitude & Orbit
Control System AOCS of the Polar Platform PPf. Thus all biases
and slow pointing variations between the star tracker package of
PPf (providing the pointing reference for the AOCS) and the
L.OS of MI PAS can be derived and used for pointing corrections.

4. PERFORMANCE
Radiometric performance has been assessed using a numerical
instrument model. This performance model uses a large number
of parameters to describe the instrument. These input parameters
themselves result from other analyses and models. Still, some
important performance parameters are presently only based on
analyses, and actual measurements using the breadboard
interferometer are required to confirm the validity of the
assumptions.

The simulation shows that the predicted NESR of MIPAS meets
specifications in the long wavelength range. At shorter wave-
lengths, however, the instrument noise is somewhat higher than
specified, although not by a significant margin. At higher tem-
peratures of the optics module, instrument noise increases some-
what at the short wavelength region.

The radiometric accuracy of MIPAS is very good, although the
1 % value at long wavelengths may not be achievable, as too

many independent factors contribute to the calibration constant
that may be difficult to control throughout flight. However,
MIPAS is designed to achieve best possible stability and thus the
overall radiometric accuracy will be as good as it can be
achieved in an realistic instrument.

5. CONCLUSIONS
MIPAS for the POEM-I mission is now in Phase B
development. It presents a new instrument for spaceborne
applications, and promises to deliver important data about the
composition of the middle atmosphere and upper troposphere.

The performance requirements are demanding, in particular the
radiometric sensitivity and the radiometric accuracy, but also the
pointing knowledge. The presented design is considered a good
compromise between performance and development risk.

The design concept has many novel features and faces many
challenges, like

- design and qualification of the laser interferometer with the
single-mode, polarization maintaining fibre optics;
understanding of potential lifetime limitalions of the dry-
lubricated interferometer bearings;
design of an interferometer drive unit which is maintains the
drive speeds within the close tolerance even under varying
loads of these interferometer bearings;

- reducing the residual vibrations of the active Stirling coolers
transmitted into the Optics Module to avoid generation of
spectral ghosts;

- optimising the mounting of the Optics Modules to the Polar
Platform to minimize the heat flux into MlPAS and achieve
the design temperature;

- maintaining a contamination control that ensures the
required radiometric sensitivity throughout the instrument
lifetime...

However, the urgency to obtain atmospheric data like those
MlPAS will provide is a perfect justification for its early flight
opportunity on the POEM-I mission.
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ABSTRACT

The Advanced Wind Scatterometer (ASCAT) is a
spaceborne instrument for ocean wind field measurement
intended as a follow-on to the ERS-1 AMI Scatterometer.
Work is currently being carried out under a POEM-1
Preparatory Programme ESA Phase B contract. Future
work may be directed to installation of ASCAT onto a
meteorological platform. The advanced design and use of
state-of-the-art technology results in less demand on
platform resources. A '3 pair' antennaconfiguration doubles
the swath width. Novel internal calibration and antenna
temperature sensing promise improves radiometric stability.
This paper presents an overview of ASCAT in terms of
specification, design, calibration and performance
concentrating on the differences to the AMI Scatterometer.
More details on measurement principle, performance and
ground processing are reported elsewhere [1,2].

!.INTRODUCTION

The Advanced Wind Scatterometer (ASCAT) is the
technological follow-on to the ERS-1 Wind Scatterometer
(AMI Wind Mode). Both instruments are designed to
measure the radar backscatter of the sea surface which is
converted into wind field data (speed and direction) by a
ground processor data extraction scheme.

As for AMI, the ASCAT wind Scatterometer will operate at
C-band frequency, vertical polarisation and with the same
relative beam look directions (45°, 90° and 135°). Hence,
the wind field extraction scheme can be re-used. This
measurement principle has been confirmed during the
ERS-1 commissioning phase.

The design of the AMI Scatterometer was constrained by
its combination with a Synthetic Aperture Radar (Imaging)
Mode. ASCAT is a dedicated instrument and its design has
been optimised regarding improved Scatterometer
pe.formance and reduced demand on platform resources.

Current investigations are oriented towards installation on
the Polar Platform. The overall configuration is shown in
FIg. 1.

The main differences compared to AMI are:
• 6 antennas giving double swath coverage
• on-board pre-processing (programmable from ground)
giving a reduced data rate
• solid state HPA enabling mass reductions and promising
high reliability
• novel internal calibration to monitor gain variations in the
instrument transmit and receive paths
• improved antenna temperature sensing allowing better
antenna gain and pointing propagation in the ground
processor

The ground processor correction of instrument electronics
and antenna gain variations between external calibrations
ensures better (radiometric) accuracy of the backscatter
measurements, hence improved wind field extraction. So
far aluminium antennas have been taken as baseline.
Depending on the final predictions of the quality of antenna
modelling, the application of carbon fibre technology may
be analysed in future work.

2. LFM MEASUREMENT PRINCIPLE

The use of a lower peak power transmitter is possible since
a long pulse Linear Frequency Modulation scheme has
been adopted for ASCAT representing a further
development of the long pulse CW Doppler Scatterometer
principle used in SEASAT. The CW Doppler scheme
facilitates range resolution in the frequency domain since
reflections from cells across the swath are shifted in
frequency dependent on their position. A power spectrum
analysis of the received echo resolves ceils delimited by
iso Doppler lines on the Earth surface. The possible beam
directions are limited to those in which the iso-Doppler lines
cut the beam directions at sufficiently sharp angles over the
entire swath. Resolution is therefore insufficient along the
mid beam direction and also along fore/aft beam directions
at far swath.

For ASCAT, an LFM pulse is transmitted and the echoes
are dechirped prior to the spectral analysis. This produces
an improved pattern of iso-frequency lines on the Earth
surface. By selection of appropriate beam-dependent chirp
rates, it can be ensured that sufficient resolution is available
for each direction across the entire swath.

fS-l SD3J-
" Ce","a'S, "vos </'" o' the i"Krr>a>'Onal Soace Yea' Conference HeIO m Murrch Germany 30 March -4 April 1992
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Side Antenna
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Central Electronic Panel

Side Antenna
ANTRA

Mid Antenna
ANTM

Fig. 1 : ASCAT Overall Configuration
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3. DESIGN OVERVIEW

There are 6 radiating waveguide antennas mounted in
pairs in V shaped assemblies. The mid-antennas are fixed
to the body of the platform while the side antennas are
deployed and electrically coupled via choke flanges.
The Scatterometer Front End is mounted near the mid-
antennas on the nadir face of the platform. The SFE houses
the switching matrix, the redundant low noise amplifier
employing HEMT-technology, and the couplers and power
detectors used by the internal calibration scheme.
A waveguide run and other cabling connects the SFE to the
central electronics panel holding the remaining electronic
boxes arranged in cold redundant configurations as shown
by the block diagram in Fig. 2.

Fig. 2: ASCAT Schematic
The High Power Amplifier is a solid-state power amplifier
(SSPA) powered by an Electronic Power Conditioner
(EPC). The Radio Frequency Unit performschirpgeneration,
dechirping, up and down conversion, filtering and gain
setting. Digital chirp generation is applied. The Digital
Processing Unit includes analog-to-digital converters, a
microprocessor, adigrtal signal processor and a sequencer.
The dechirped baseband signal is sampled and processed
together with auxiliary signals, formatted and passed to the
platform data handling and transmission system. The DPU
also controls both the ASCAT measurement cycle timing
and antenna sequencing by generating programmable
real-time control signals. The Instrument Control Unit
performs high level instrument control and status monitoring.

4. INTERNAL CALIBRATION SCHEME

The internal calibration scheme results in ground processor
correction of instrument instabilities, eg. due to temperature
variations. This is performed via measurement of the 'pg'
value, ie.aparameterproportionalto the product of transmit
power and receiver gain.
The instrument timelining includes an internal calibration
period within each beam TX/RX cycle: the RFU provides a
stimulusattheswttch matrix input (viaacalibrationcoupler)
which is routed to the receiver chain and processed by the
DPU to derive a value proportional to its power. The
stimulus power is monitored at the injection point and
adjusted to follow variations in the transmit power. The
latter is monitored atthe same point during the transmission
period of the timelining. A value for the power reflected by
the antenna is measured during thetransmission period via
a coupler at the switch matrix output. The hardware
realisation is shown in Fig. 3.
The DPU measured response to the calibration stimulus
and the detected power values are processed in the ground
processor to yield an estimate of the 'pg' factor. This
estimate is valid for a single frequency since the stimulus is
a segment of the transmit chirp: dechirping results in a CW
pulse atthe RFU output. It is extrapolated across the entire
reception band using an estimated frequency response
calculated from the telemetered noise spectra.

SFE =E r*

Pwr to ASCATT
internal Units

*-PHDT

Deployment Conlrol PwrA/B TT T ESOL

ICU
PwrA/B

JDBUJ^OBDH

DCE
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5. EXTERNAL CALIBRATION AND
ANTENNA MODELLING

The external calibration scheme allowstheground processor
to scale the raw measurement data by the gain of the
instrument including antennas. This involves measurements
of antenna patterns during the mission and use of antenna
température data (incorporated in the telemetry data) to
propagate antenna gain and pointing.
The principle to measure thegain pattern and beam pointing
in-orbit is via overflight of active transponders as used for
the AMI Scatterometer. Each transponder represents a
precisely known radar cross section. Transponder overflight
is performed selecting external calibration submode for
each appropriate beam for an appropriate duration. On-
board compensation of the transponder induced frequency
translation (equal shift in the dechirp start frequency)
enables clutter-free data analysis. The known radar cross
section facilitates the absolute gain evaluation. Precise
geometry knowledge facilitates the azimuth pointing
evaluation.
Prediction of thermal variations of the antennas during the
orbit has lead to the model shown in Fig. 4 for propagation
of reference elevation gain patterns and azimuth beam
pointing. Reference values are evaluated from multiple
transponder overflights during the commissioning phase.

The model accounts for homogeneous in-plane expansion
(mid and side antennas) and for quadratic deformation
(side antennas). In-plane expansion is derived from the
mean temperature and interpreted as an equivalent
frequency shift (use of on-ground characterised antenna
gain pattern frequency dependence). Quadraticdeformation
is derived from a mechanical model and interpreted as a
phase variation across the aperture (use of an analytic gain
model).
Propagation of the azimuth pointing is performed by a
mechanical model via derivation of the linear component of
out of plane expansion.

6. PERFORMANCE

A comparison of the ASCAT and AMI Scatterometer is
shown in Tab. 1. This confirms that ASCATs advanced
designand use of state-of-the-art technology results in less
demand on platform resources.
The AMI Scatterometer mass is estimated by subtracting
SAR-dedicated hardware (antenna and processor),
subtracting 50% of shared hardware (RF and Calibration
subsystems) and adding an ASCATICU mass.
The improved radtometric stability means that, with a
similar quality of external calibration (ie. transponders), a
better radiometric accuracy can be reached.

SFE

'Part of RFU

Attenuation Setting
from DPU

!Measurement
I Gating Sig.
I from SEQ

Fig. 3: ASCAT Internal Calibration Hardware
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7. CONCLUSIONS

The topics addressed here form a small part of the work
which has been carried out within the frame of the ASCAT
Phase B project. The design and analysis activities hcve
been complemented by extensive breadboarding. The
resultsachieved in both areas demonstrate that the ASCAT
instrument is suitable for accommodation on the First Polar
Platform, or indeed on a future meteorological platform.
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Swath Width

Spatial Resolution

Radiometric Relolution
(at far swath for low crosswind)

Radiometric Stability

Mass

Power Consumption

Data Rate

ASCAT

> 2x500km

<50km

midbeam:<5.0%
side beam:< 9.9%

0,3dB

208kg

255W

45kbps

AMI Scatterometer

> 500km

<50km

mid beam :< 4.5%
side beam :< 5. 9%

O1SdB

242kg

35OW

200kbps

Table 1 : Comparison of ASCAT to AMI Scatterometer
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ABSTRACT

RA-2 is a fully redounded nadir pointing pulse
limited Radar Altimeter (RA) operating with a single
antenna dish at 13.8 GHz and at 3.2 GHz. Its design
is derived from ERS-I RA, but its new signal
processing which autonomously adapts the radar
resolution to characteristic and topography of the
Earth's surface and its second frequency channel
will allow RA-2 to operate over ocean, ice and land
without interruption and to correct its height
measurements for the errors introduced by the
ionosphere. RA-2 will fly in 1998 on the first
European Polar Orbit Earth Observation Mission
POEH-I to contribute with the improved accuracy of
its measurements to better understand Earth's
environment and to monitor it on global scale.

Keywords: POEH-I, Remote Sensing, Radar, Altimeter.

1. INTRODUCTION.

1.1. Background. The European Space Agency (ESft) has
successfully launched in July '91 its first Earth
Resources Satellite (ERS-I). Its data will
contribute to understand the role that oceans and
ices play in determining the global climate. Then
ERS-2 satellite, scheduled for launch in 1994, will
provide the worldwide science and application
community with the necessary continuity of
observations. Polar Orbit Earth Observation Mission
(POEM) will meet the global Earth monitoring
requirement on a longer time scale. Its first
payload complement will be embarked on the ESA Polar
Platform (PPF) to fly in '98 with the objective of
observing Earth's ocean, ice, and atmosphere and
accomplishing operational meteorology. The Radar
Altimeter (RA) plays a key role in all these
missions.

1.2. Altimetrv in short. The altimeter is a radar
that measures with high precision the distance from
the satellite orbit to the closest point on the
Earth's surface beneath the satellite. Since the
shape of the orbit can be determined independently,
the topography of the surface along the
sub-satellite track can be precisely derived.
Moreover fror.i the magnitude and shape of the radar
echoes the characteristics of the surface can also
be inferred. Over ice radar altimeter measurements
contribute to determine ice extent, dynamics and
mass balance. Over land the radar altimeter can
provide information on the level of lakes and rivers
and support watershed modelling. Over ocean, if the
geopotential field of the earth (geoid) is

independently known, altimeter measurements provide
the ocean mean circulation which causes ocean
surface to depart from the geoid. The radar
altimeter is therefore a powerful tool to study and
monitor most of the key parameters which determine
the Earth's climate on global scale.

2. RA-2 REQUIREMENTS

2.1. General requirements. This paragraph provides
only a summary of RA-2 requirements. A detailed
description is reported in (réf. 1).
RA-2 is a nadir-looking pulse-limited radar
altimeter functioning at the main nominal frequency
of 13.8 GHz (Ku band). A secondary channel at a
nominal frequency of 3.225 GHz (S band) is also
operated to estimate the errors on altitude
measurements caused by the propagation of the radar
signals through the ionosphere.
At the main operative frequency RA-2 shall
autonomously detect, acquire, lock-on and track the
earliest part of the radar echoes from ocean, ice
and land surfaces without any interruption,
irrespective of sudden changes in surface
characteristic and elevation. After successful
acquisition RA-2 shall autonomously start the
tracking. Operations shall be accomplished by
automatically changing the range resolution, the
width, the position and the overall gain of the radar
tracking window. The tracking shall always be
performed with the highest resolution that allows
the earliest part of the radar echoes to be
maintained within the radar tracking window. Over
ocean the resolution shall always be the highest
available on-board. RA-2 shall detect when the
earliest part of the radar echo is no longer within
the tracking window and autonomously recover from
this condition. As a result the radar altimeter
shall continuously measure on board the power levels
and time positions of the samples of the earliest
part of radar echoes, with respect to transmitted
pulse power and time.

2.2. Bandwidth and resolution. The transmitted
signals shall be linear frequency modulated (LFM)
pulses (chirps) of constant duration. Different
bandwidths up to 320 MNz (equivalent to 46.875 cm
resolution) shi'l be available to provide the radar
with the necessary choice of range resolutions.
Unmodulated pulses are also allowed.

2.3. Performance over Ocean. The estimations of time
delay, radar cross section (Sigma-0) and standard
deviation (Sigma-S) of the height distribution of
the scatterers on the surface are performed on ground

Procee&ngs o> the Central Synpc sium of the 'International Space Year Conference Held m Munich Germany 30 March -4 April '992
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by fitting to the samples of radar echoes at the
main frequency channel (13.8 GHz) the model of the
shape of the radar echoes from the ocean (réf. 2.).
From these three parameters, the satellite altitude,
the wind speed magnitude and the wave height of the
ocean can be respectively retrieved. The estimations
of these parameters can be averaged over a period of
0.5 sec to reduce their random fluctuations.
Performances over the ocean are summarized in
Tab. 1. where altitude precision reported is
inclusive of the contribution due to the ionospheric
correction.

2.4. Parameter Range and Range Rates. RA-2 operation
and performance shall be achieved for the ranges of
values specified in this paragraph.
Altitude range between 785 and 820 Km. Altitude
change rate up to ± 50 m/sec. First derivative of
altitude change rate up to + 0.6 m/sec2 over ocean
and up to + 2.4 m/sec2 over all the other surfaces.
Altitude step changes up to + 30 m.
Sigma-0 dynamic range from ~10 dB to + 50 dB. For
operation at the highest range resolution the lower
limit of this range becomes t 6 dB. Sigma-0 change
rate up to ± 6 dB/sec over ocean. For operation over
non-ocean surfaces step changes in sigma-0, up to
the full dynamic range of this parameter.
Sigma-s dynamic range from 12.5 cm to 5 m. Sigma-s
change of rate up to ± 50 cm/sec.

2.5. Calibration. All the parameters which have an
impact on the RA performance shall be calibrated and
characterized to meet the specified performance
requirements. Calibration shall be performed before
launch (on-ground calibration) and after launch
(in-flight calibration). The results of these
measurements shall be used for the on-ground
performance verification. The RA shall make
measurements on internal parameters in order to
guarantee that the measurement performance is met
under all environmental conditions (e.g. thermal
variations, aging, etc.). The in-flight calibration
shall be used (together with the results of the
on-ground calibration) for the in-flight performance
verification. It shall be possible to shift the
impulse response with its main lobe to any position
within the power spectrum in such a way that it is
possible to scan the filter ripples of the RA
receiver. The frequency of the on board Ultra Stable
Oscillator (USO), at all time shall be known with an
absolute accuracy of better than 1 part in 10$. A
laser retroreflector shall be installed close to the
RA antenna and used for in flight time delay
calibration using ground based lasers.

2.6. Datation Requirement-. Measurements and other
events shall be dated with an accuracy of ± 100 usée
and with a resolution of at least 10 usée.

2.7. Data Rate. The maximum instrument data rate
shall not exceed 100 Kbit/sec. In case no individual
echo data signal is transmitted the maximum data
rate shall not exceed be 64 Kbit/sec.

2.8. Mass and Power. The total mass shall not exceed
100 Kg. The total power consumption shall not exceed
150 U under all the conditions.

2.9. Return Signal Simulator. Radar altimeter
operation and performances will be verified against
all the requirements also by using a Return Signal
Simulator RSS as part of RA-2 Electric Ground
Support Equipment EGSE on which also the estimation
algorithms specified for the on-ground processing
shall be implemented. The RSS shall provide radar
echo waveforms representative of the different
regions of Earth's surface over which RA-2 is
required to operate. Scenarios which include cliffs,
rain cells, islands, ocean, ocean trenches,

icebergs, sea ices, ice shelves, lakes, rivers,
swamps, arid and desert lands, mountains shall be
implemented to to exercise the radar altimeter.

3. NAJOR DESIGN TRADE-OFFS

3.1. Operative Frequencies. The frequency for RA-2
main channel 13.8 GHz has been selected as a good
compromise between the affordable antenna dimension
which provides the necessary gain and the relatively
low attenuation which experience the signals
propagating through the troposphere. This choice
also allows maximum re-use of the existing hardware
of ERS-I RA which minimizes development risks and
costs. Following a recent decision of the World
Administration Radio Conference (WARC-92) which has
reallocated the upper part of that band to
fixed-satellite Earth to ground service, the RA-2
frequency should likely be moved to 13.575 GHz with
potential problems in the frequency management of
the platform. The operation of the secondary
frequency channel provides a mean of correcting
altitude measurements performed at the main
frequency for the bias caused by the propagation of
the radar signals through the ionosphere. Since the
precision of the correction is inversely
proportional to (the square of) the ratio between
the main and secondary frequency, a suitable value
for the latter is in the band between 3.1 and
3.3 GHz (S band). This choice complies with
International Radio Regulations, is
electromagnetically compatible with the other
payloads, allows good penetration of the troposphere
and should not present technological problems of
implementation.

3.2. Antenna Diameter. An optimum antenna diameter
was selected by minimizing the rms combination of
the random and the bias components of errors on the
estimation of the parameters over the ocean. A
larger antenna diameter would decrease the random
contribution because the higher antenna gain.
However a smaller antenna which has a larger beam
would reduce the bias component due to an off-nadir
antenna pointing. This contribution drives the total
error for large S/N. A reflector with 1 m diameter
was selected in the assumption of a pointing
accuracy of 0.15 deg at the interface with the
platform. This value has been revised since the
early analysis to about 0.1 deg which would allow
now to use a larger reflector. This solution would
alleviate design problems due to aperture blockage
and by providing an increased antenna gain could
balance the losses in a longer RF path. The latter
giving more freedom in the payload accommodation.

3.3. Pulse Repetition. The radar Pulse Repetition
Interval PRI has been selected considering that in
general the precision of the parameter estimations
improves with the square root of the PRI since the
random fluctuations on the measurements can be
averaged over a higher number of independent
observations. However to satisfy this condition the
PRI has to be larger than the pulse to pulse
correlation time which depends on the sea state, the
spacecraft motion and the transmitted bandwidth.
Fig. 1 reports the maximum allowed Pulse Repetition
Frequency PRF (the inverse of PRI) as a function of
standard deviation of the wave height of the ocean
for the
two frequency channels. Another constraint is given
by the range of possible variations of orbit
altitude that the PRI has to accommodate to avoid
that radar echoes are received at the time a new
pulse is transmitted. For the range of altitude
specified a fixed PRI of 425 usée was selected. With
this value, as showed in fig. 2 the echo generated
by the transmission of the pulse number 1 will be
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received after a time which, depending on the
precise altitude value, is comprised between the
transmission of the 13-th and 14-th pulse. Due to
change in orbit a broader range of altitude is
likely to be considered in the next study phase.
Consequently the PRI Choice could be revised.

3.4. Number of Range Bins. For a given altitude
resolution a larger number of range bins keeps a
broader part of the radar echoes within the tracking
window and eases the tracking. Since a larger Fast
Fourier transform FFT is requested it sets a higher
load to the Digital Signal Processor (DSP). The
latter has to complete the FFT calculation for each
echo before the next is received i.e. within the
selected PRI. Considering also other operations that
the DSP has to perform and some margins, FFT
operations shall be accomplish in about 340 usée. A
FFT on 128 points can be carried out in this time
interval by one TMC2310 which is a dedicated FFT
processor, or by two ADSP2100. The first one has
been selected because it meets the requirement with
large margins and it allows a reduction in mass,
power and complexity.

4. DESIQN DESCRIPTION.

4.1 General description. RA-2 is composed by the
following sub-systems: Antenna, Ku-Band Front End
Electronics (KFEEJ, S-band Front End Electronics
(SFEE), Ku-Band Transmitter (KTx), S Band
Transmitter (STx), Microwave subsystem (MUSS),
Signal Processor Subassembly (SPSA), Low Voltage
Power Supply (LVPS) and the Instrument Control Unit
(ICU). A block diagram of the radar is showed in
fig. 3. All the Subsystems with the exception of the
Antenna are redounded to ensure an instrument
probability of success of 87 % for 4 year mission.
LVPS is internally redounded to reduce harness mass.
To limit instrument demands in terms of mass and
power, the secondary channel (S band) shares most of
the hardware of the main channel (Ku band) including
the antenna system. A dual-frequency balanced
coaxial feed illuminates the common parabolic
reflector. The radar is mounted on a panel of the
payload bay of the platform which is also
responsible for RA-2 thermal control.
The KFEE and KTx are identical to those exploited by
ERS-I RA. KFEE is a matrix of ferrite switches which
during transmission isolates the high sensitive
receiver and prevents it from being damaged by the
high peak power level sent by the transmitter to the
antenna. A sample of the transmitted waveform is
however injected in the receiver through a wtll
controlled coupling path to calibrate the radar. On
reception, when the transmitter is off the KFEE
routes to the receiver the weak radar echoes
impinging on the antenna through a very low loss
path. SFEE provides the same functions to the
secondary frequency channel. KTx i s formed by a
reliable Travelling Wave Transmitter (THT) capable
of about 63 H of peak power and by its power
conditioner. STx is a solid state power amplifier
based on bipolar devices, it produces about 60 W
peak power at 3.2 GHz. The MUSS is composed by the
Microwave receiver (KR), the Frequency Generator and
Conversion Unit (FGCU), and the Chirp Generator
(CG). In the MR each received radar echo is mixed
with a delayed replica of the transmitted chirps and
down-converted to an Intermediate Frequency (IF)
where signals can be more easily amplified.
Eventually the signals are split into their in-phase
and quadrature components (I&Q) and filtered to 6.4
MHz. An Automatic Gain Control (AGC) adjusts the
whole value of the amplification to maintain the I
and Q components at a constant and suitable level
for the sampling. FGCU provides all the frequencies
which are necessary to the instrument. It contains

the Ultra Stable Oscillator (USO) which is the
frequency reference of the instrument. The design of
the MR and FGCU is derived from ERS-I RA. CG uses
Surface Acoustic Wave (SAH) devices to produce
Linear Frequency Modulated (LFM) pulses of 20 usée
duration in 4 different bandwidths; 320/160/40/10
MHz. It also generates unmodulated pulses to be used
during acquisition. SPSA converts to digital samples
the I & Q component of the signal and calculate the
signal spectrum by a FFT on 128 points. After square
modulus extraction the results are accumulated over
about 51 msec to reduce signal fluctuations.
Tracking algorithms which run on the SPSA also
compute the position of the tracking window, the AGC
value and choose the bandwidth of transmitted signal
to allow radar operation over the different Earth's
surface with the highest resolution. The radar
altimeter interfaces with the payload module
controller of the platform by the ICU which executes
macro-commands and monitors the status and health of
the radar instrument. ICU is based on the radiation
hard CMOS processor MAS 281 which comply with
MIL-STO-1750A instruction set architecture. A
summary of

the major design parameters is reported in tab. 2.

4.2 New instrument Features. Although the design of
RA-2 is based on design heritage of ERS-I altimeter
a number of new features has been introduced to
provide additional capabilities without
significantly increase instrument mass and power
consumption.
In a preparatory study (réf. 3) which considered
various algorithms, the so called Model-Free Tracker
(MFT) was found very suitable to track the earliest
part of radar echoes irrespective of their shapes.
MFT applies a threshold to the radar echoes and
transforms them into a binary sequence of samples.
Then amplitude, duration and time position of the
center of gravity of these sequences with respect to
the radar tracking window are computed according to
the Offset Center Of Gravity (OCOG) algorithms
described in (réf. 4). The computational load
requested by the algorithms is in this case very
much reduced because of the binary nature the
signals. The computed parameters are used to
generate error signals which control by closed loops
the time position and gain of the tracking window.
The error on the time position of the center of
gravity, which is linear over a very broad range, is
used to autonomously control the radar resolution.
Therefore when this error is becoming too large and
the radar echo is exiting the tracking window, the
altitude resolution is degraded and as a result the
tracking window is broadened to re-catch the radar
echo. Adaptive height resolution is implemented by
changing the bandwidth cf the transmitted signals
among the values provided by the chirp generator.
Another new feature of RA-2 is represented by the
addition of a secondary frequency channel that as
mention previously will allow the correction of
error introduced on the altitude estimation during
the propagation of the signals through the
Ionosphere.
The internal calibration concept which provides the
impulse response of the radar altimeter is also new
with respect to ERS-I RA. It allows the calibration
of the COJUDIete instrument except the antenna
without interrupting altimeter measurements. A
summary of the new features alopg with RA-2
additional capabilities and new developments are
showed in tab. 3.

4.3. Support to Design. A number of dedicated
breadboarding activities are being carried out to
ensure that RA 2 design will meet the requirements.
This particularly applies to those parts which not
being directly derived from ERS-] experience need
new technological developments. The SFEE and STx are
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being breadboarded and t .-sted since they represent
new critical elements of the S band channel. The
complete chain of the RSS at the same frequency has
been already breadboarded and it is now under test.
The antenna breadboard, fully representative of the
electrical performance, will demonstrate that the
operation of the larger dual frequency feed is
possible without producing excessive aperture
blockage and raising sidelobe, level above -ZB dB.
The breadboard of a 128 point FFT processor has
confirmed the expected THC2310 performance. Since
this component is not qualified for space a
preliminary total dose radiation test was
subcontracted to the manufacturer (TRW) to prove
that the TNC3210 can withstand an accumulated
radiation level up to 50 Krads. Successful results
have now increased our confidence on its use for
POEM.

Altitude

Sigma-0

Sigma-S

Range

785 to 820 (Km)

-10 to + 50 (dB)

0.125 to 5 (m)

Precision

4.5 (cm)

0.2 (dB)

< 10» or 0.25 (m)

Tab. 1. Summary of RA-2 Performance Requirements
over Ocean.

\w>
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5. CONCLUSIONS

The design of the radar altimeter RA-2 for the first
European Polar Orbit Earth Observation Mission
POEH-I is based on design heritage of ERS-I
altimeter. New instrument features will however
provide additional capabilities without
significantly changing instrument mass and power
consumption. RA-2 on-board Model-Free Tracker will
continuously maintain the earliest part of radar
echoes within the radar tracking uindow,
irrespective of changes in surface characteristics
and elevation. MFT will autonomously select the
suitable radar range resolution by choosing the
correspondent bandwidth among those values provided
by the Chirp Generator. Operations will even not be
interrupted by the instrument internal calibration
which will be performed during pulse transmission.
The secondary frequency channel will provide a mean
for correcting the errors on altitude estimation
introduced during the propagation of the radar
siqnal through the ionosphere. In conclusion RA-2
which is scheduled for launch in 1998 will provide
improved performances over ocean and ice while it
will allow to extend radar altimetry to land.
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Orbit Range (Km)
Operative Frequences (GHz)
Pulse Length (usée)
Ku Chirp Bandwidths (MHz)
Ku TMT peak Power (W)
S Chirp Bandwidth (MHz)
S Solid State Peak Power (W)
PRFs Ku / S (Hz)
A/D C No Of Bits (I / Q)
FFT Number of Points
Data Rate f '.bit/sec )
Total Power Consumption (W)
Total Mass (Kg)
Antenna: Di am (m) / Beam (deg)

785, 820
13.8, 3.2
20
320, 160, 40, 10
63
160
60
2350 / 470
8/8
128
100
146
90
1 / 1.5

Tab. 2. Summary of RA-2 Design Parameters.
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NEW INSTRUMENT
FEATURES

MODEL-FREE TRACKER

ADAPTIVE
HEIGHT RESOLUTION

SECOND OPERATIVE
FREQUENCY

IMPULSE RESPONSE
CALIBRATION

NEW H/M AND S/W
DEVELOPMENTS

Signal Processor
H/W and S/W

High Speed 128-Point
FFT

SAW Chirp Generator
With Different
Bandwidths

Dual Frequency
Antenna

S-Band Solid State
Transmitter

Receiver Channel
Tuned by VCO

ADDITIONAL
CAPABILITIES

Altitude & Reflectivity
Measurements Over Land

Robust Operation Versus
Surface Parameter Changes

On-board Selection of
Optimum Altitude
Resolution and Tracking
Window Width

Correction of Errors
on Altitude Measurements
Due to Propagation
Through the Ionosphere

Calibration without
Interruption of Operation

Tab. 3. Summary of RA-2 New Feature and Additional
Capabilities.

F'g. 1. RA-2 Pulse Repetition Frequency Versus
Standard Deviation of Wave Height.
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Fig. 3. RA-2 Functional Block Diagram.
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ABSTRACT

I n J u I y IW Europe's first Remote Sensing Satellite
(F.RS-1) was launched with a preoperational synthetic
aperture radur (SAR) as u part of the payload. In order to
achieve an operational system within a commercial
environment, more flexibility and improved performance
w i l l he required.

In 1998 ESA is due to launch the first Polar Orbiting Earth
Mission (POEM-I ). This provides the opportunity to fly the
first of the next generation of SAR. This is the Advanced
SAR (ASAR) which will enable the necessary European
technology base for commercial SARs to be proved. It w i l l
be the first to give global coverage and dual channel data.

Keywords: PC)EM-I. Polar Mission, Synthetic Aperture
Radar. SAR, Radar

1.INTRODl(TION

In July 1991, ESA's first Remote Sensing Satellite. ERS-I.
was launched successfully into low-earth orbit. A follow-on
second flight model is due for launch in 1994. Both missions
were designed for a 3-year l ife. A major part of the payload
comprised the Active Microwave Instrumentat ion (AMI) . The
AMI consistes of a double C-Band radar package, a Synthetic
Aperture Radar (SAR) operating in selectable imaging and
wave modes and a Wind Scatterometer (SCATT).

The SAR design is based on technology specifically developed
for such a spaceborne radar. The instrument uses a Travelling
Wave Tube centralised high power amplifier, and a metalised
Carbon Fibre Reinforced Plastic (CFRP) slotted waveguide
array (SWA) Antenna. This produces a SAR with a single
fixed position swath illuminated in VV polarization.

As an alternative to a rebuild of the ERS AMI an Advanced
Synthetic Aperture Radar (ASAR) is proposed as the
imaging radar sensor for POEM-I.

Compared to the single swath polarization ERS AMI.
ASAR offers the continui ty with the ERS imaging capability
as well as:

- Greater coverage:
- higher flexibility in the choice of swath

positions
- a wider range of incidence angles
- a wide swatïi capability

- Dual polarization

- Improved Wave Mode capabilities

The technical solution for ASAR is a SAR with an active
phased array antenna, which combines the years of
experience gained from the ERS-1,2 AMI programme with a
manageable first step into the future technology of SAR. The
ASAR project is in its design definition phase (Phase B), which
is currently performed under DORNIER/ESA contract, and
will be completed in April 1992.

This paper describes the system concept and the advantages
and advances which ASAR offers, over the ERS-I AMI, to
the user community. The instrument design, its modes of
operation and calibration techniques are explained. The
predicted in-orbit performance is summarised and the
overall ASAR programme leading to its launch in 19"8 is
presented.

2. ASAR OBJECTIVES

The objectives of the Advanced SAR are very similar to
those of ERS-I and ERS-2. The main task will again be
monitoring of the environment in order to collect more
precise information on global changes. The key point of
interest is the global climate and all possible factors which
may have an influence on it.

Monitoring of the bio-mass all around the earth, especially
monitoring of deforestation in the big primeval forests in the
equatorial areas, will allow initiation of countermeasures
and better modelling of the influence on the greenhouse
effect and global climate.

Desertification and the distribution of humidity, the change
of the water levels, flooded areas, the extent of the ice caps
around North and South pole are other major factors which
need to be monitored in order to improve the understanding
of global climate changes. SAR images will also further
improve the understanding of ocean dynamics, the
interaction between oceans on atmosphere, as well as man
made and natural processes in coastal zones.

The major advantage of using a SAR for earth observation
tasks is its capability of taking images indepedent of day or
night and independent of cloud cover and weather
conditions. This weather independent observation
capability of radars is of vital importance for disaster
assessment. Disasters like floods or big oil ramps usually
happen in adverse weather conditions which drastically
reduce the usefulness of optical sensors. A high resolution
imaging radar is able to give valuable information even in
these worst case conditions.

The experience with ERS data will increase the use of SAR
data for operational forecasting. The images of ERS-I have
already now proven very useful for shipping in arctic ice.
Ocean wave spectra taken around the globe will improve the
safety of shipping routes and offshore activities.

P'ocee&ngs of t^e Central Sympos'uni o> !he International Space Year' Conference Held in Munich, Germany. 30 March~4 April 1992
,ESA SP 341 Juh 1992>
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As experience with SAR data is growing the contribution of
these data to resources management will become more and
more important. On top of the already mentioned estimates
of bio-mass, improved classification methods will allow
harvest predictions, estimates of sweet water resources and,
via geological surveys, support the search for minerals in the
earth.

2.1 Concept

The applications mentioned above are, amongst others, at
present being studied with ERS data by a great number of
scientific groups and pilot projects. The outcome of the
these studies will certainly make SAR data more attractive
for a wide range of users.

It therefore appears essential to offer on a POEM flight in
1998 on one hand an instrument which offers data continuity
with ERS-I and ERS-2 but at the same time sets a step
forward with respect to system flexibility and scientific and
operational value of the data sets.

Therefore the ASAR Design incorporates:

- a flexible swath position capability and
- a second polarization

The flexible swath position means that in contrast to the
single swath of ERS the Image Mode of ASAR will offer the
choice between seven swaths at various distances from the
subsatellite track at incidence angles between 23 and 45
degrees (mid swath). ASAR will be able to provide data
over the range of incidence angles 17° - 60°.

The second polarization means that in addition to the
vertical polarization of ERS, ASAR will offer alternatively
horizontal or vertical polarization for imaging.

A special "Alternating Polarization Mode" will be
implemented which allows half of the looks of an image to
be acquired in horizontal and the other half in vertical
polarization, so that in a single pass an image of horizontal
and vertical polarization will be taken from the same scene.
This Alternating Polarization Mode will considerably
increase the ASAR capability for target classification. This
will be especially so if it is used in conjunction with
multitemporal imaging of the same scene.

The capability of ASAR to switch between seven different
swaths offers very fast multiplexing between swaths (sub
swaths) so that an overall swath of more than 400km width
can be imaged in one go.

This mode of operation is called "Wide Swath Mode" and
will improve the capability of monitoring large areas.

If ASAR is operated with a reduced spatial resolution of
only 100Om, then the data rate is low enough to store the
measurement data on tape on board the satellite instead of
transmitting them directly to ground. This mode of
operation is called "Global Monitoring Mode". Its operation
is independent of the availability of ground station coverage
of the area to be imaged and thus offers a tool for global
monitoring of features such as ice coverage, snow coverage,
deforestation, desertification or humidity.

ASAR will further - like ERS - have a Wave Mode for
taking images of 5km x 5km but more frequently in 100 or
200km distances over the oceans to supply samples of ocean
wave spectra on a global basis.

3. REQUIREMENTS

The requirements for the most important operational modes
of ASAR are summarised in Table 3-1.

In addition to these requirements a radiometric accuracy of
0.65dB is required in all modes. On one hand this sets very
narrow tolerances for on-board and overall calibration but

on the other hand allows the comparison of images taken at
different times during the lifetime of the satellite. It also
makes possible quantitative comparisons of ASAR images
with images taken by other satellites.

Ambiguity and side lobe levels in the images are specified to
be better than -25dB in all modes.

MODE POLAR

IMAOEMODE HH or W \ 30m

SPATIAL RIUETH[C SWATO

RESOL1N ' RESOL1N , WIDTH

INCIDENCE

ANGLE

ALTERNATING HH + W , 30m
POLARIZATION
MODE

2.SdB

3.5 dB

i WIDE SWATH HH or W 10Om ! 2.OdB

• MODE

GLOBAL HH or W 100Om 1.5 dB
MONITORING
MODE

WAVE MODE HHotW 30m 2.OdB

i 7SwMh. 20-45°
100lo56km

7Swilhi 20-45°
100lo5(km

>4Olkm i 17-42°
5Sub.Swiths .

!
>400km 17-42°
5 Sub-Swithi

Two 5km in
any iwith

Table 3-1 Specifications of the ASAR Operational Modes

4. INSTRUMENT DESCRIPTION

A functional block diagram of the ASAR instrument is
shown in Figure 4-1. It divides functionally into two
sub-assemblies:

- Antenna Sub-Assembly (ASA) - the distributed
phased array antenna

- Central Electronics Sub-Assembly (CESA) -
providing rf signal generation and reception, control
signals, power conditioning and data formatting.

The physical configuration of these assemblies is shown in
Figure 4-2. From this can be seen the antenna arranged as a
series of five hinged panels each containing four Tiles.

The CESA equipments are mounted on two of the Payload
Equipment Bay panels. There is then a short connection to
the ASA. This connection involves power lines to 80 Tile
power supply units, two waveguide feeds and the serial
control bus for data, commands and telemetry.

4. !The Transmit Path

Data

quadrature'(Q) signal. These are converted to analogue,
filtered and used to modulate an IF carrier with a linearly
modulated up-chirp pulse. The pulse width and maximum
frequency of this pulse can be varied from pulse to pulse.

This signal passes to the RF Subsystem where it is amplified
to a level suitable to drive the Transmit and Receive (TR)
modules within the Tile Subsystem after a series of power
divisions. These divisions are partly in the waveguide
connection and partly in a microstrip corporate feed unit
within the Tile Subsystem.

The Tile Subsystem has a radiator panel which contains an
array of 16 strips each with 26 patches giving a microstrip
system of feed lines feeding the patches on the front face of
a dielectric substrate. The patches can be driven from either
edge so as to produce vertical or hoi izontal polarization.
Each strip has a TR module capable of transmitting the
chirped pulse and receiving the returned echo via paths in
which the mean phase and amplitude of the signals can be
controlled. The transmitted signal is fed to the radiator.
Each TR Module contains two power output stages and two
low-noise amplifier stages so as to feed the vertical and
horizontal radiator lines individually.
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Figure 4-1ASAR Functional Block Diagram

The Tile Control and Interface Unit (TCIU) is an
equipment in the Tile Subsystem which controls the
amplitude and phase of the TR Modules as required. It also
compensates for any changes due to temperature as
indicated by a thermistor positioned within the TR Module.

4.2 The Receive Path

Echo signals are received via the same array, TR Modules with
selected gain and phase, the same distribution system - now
acting as a beamforming combiner - RF Subsystem with
selectable gain and passed to the demodulator within the Data
Subsystem. As wave mode operation requires on-board
compressing of the chirped signals a Surface Acoustic Wave
(SAW) filter is also provided within the down converter.

After demodulation the I and Q components are digitised
following anti-alias filtering to 8-bit level. The sampling
rate is approximately 2OMHz and is the same for all modes
and swaths thereby requiring no changes to the anti-alias
filter.

In wave mode only four bits are retained, but in all other
modes a Block Floating Point Quantisation scheme is used
whereby the four bits most appropriate to range of received
signals are used. The data are then packaged into a
pre-determined form and passed serially to the Payload
Data Handling and Transmission system. In Global
Monitoring mode the effective sampling rate is reduced
following programmable digital filtering and using an
integer sub-multiple of the samples sufficient for the
required reduced bandwidth.

Auxilliary data is included in the data stream providing the
parameters required by the Ground Processors. The data is
organised to be as similar to that of AMI data from ERS-1
as possible. The aim of this is to enable continued use of
ground processors developed for the ERS-I AMI data with
the minimum of modification.

4.3 The Control System

Control of the instrument covers the following functions:

- Selecting the required mode and generating the
appropriate timeline

- Selecting the required antenna beam pattern for the
required swath (or beam-patterns where multiple
swaths are indicated)

- Housekeeping including setting redundancy paths

- Monitoring status of all equipments

- Patching and dumping any software

Control is achieved by macrocommands from the Payload
via the on-board computer into the Instrument Control Unit
(ICU) where they are expanded and queued. On
recognition of a demanded mode the Mode Control
Equipment (MCE) generates the timeline including
selecting the correct prf and control signals to switch
between transmit or received beams.

Within the ICU is a database containing tables of the
parameters required by each programmable equipment for
every swath. Most of this data is associated with the phase
and amplitude control of the 320 TR Modules. When a
mode is selected the relevant beamforming data is passed to
the TCIUs for use by the TR Modules.

""WlOH) •-' I

Figure 4-2 ASAR Configuration on POEM-I
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5. CALIBRATION AND CHARACTERISATION

Calibration is ihe process whereby output data is converted
into required physical units within allowable tolerance over
all conditions including lifetime degradation.

Characterisation is the measurement of parameters to
provide data necessary for calibration.

The calibration process for a SAR instrument converts the
image magnitude into radar cross section (o ) or radar cross
section per unit area (oo). For ASAR 'here is no
requirement for phase information in the image.

The instrument can be directly calibrated at one point only
by observing a reference target. Characterisation then
measures the changes to any parameters which contribute to
the calibration accuracy or stability.

These measurements must cover variations with orbit,
temperature, dynamic range, lifetime drift.

5.1 The Internal Calibration

A feature on the schematic diagram 4-1 is the second
distribution/combination feed - the Calibration Feed
Network. This is simplified in Figure S-I.

Within each TR Module there is a coupling loop to both the
V and H networks used either to monitor a small fraction of
the transmit signal or to inject a small signal into the receive
paths.

This calibration network is connected via its own circulator
to the auxilliary output and input of the CESA rf paths.
There is also the possibility or coupling around the CESA.
In order to fully monitor any gain variations three pulses are
required as identified in Table 5.1-1. Each pulse is sensed by
the instrument data system.

TR
Module

Tx
Mun

T*
AUI

Rx
Mam

Rx
Aux

Puljel x x x

Pulse IA x x x

PiUV 2 X X X

Pulse 3 x x

Table 5.1-1 Calibration Pulse Utilisation
The modules are excited sequentially one row at a time
across the array for both transmit and receive, and the
amplitude and phase measurements are used by the ground
processor to estimate the instrument gain at a single
reference point in the swath. Observed drifts of this
estimate are used by the ground processor to correct for
instrument gain instability. Across swath calibration is
provided by characterisation data for the antenna elevation
pattern.

Operating one row at a time distorts the normal operation of
a TR Module which shares a Power Supply Unit (PSU) with
three others. Hence Pl pulses are applied to four rows at a
time so as to load their PSUs correctly. The phases of three
of the rows are set to self-cancel.

A PIa pulse (similar to Pl) is subsequently fed to the three
rows and used to assess any error due to the self-cancelling
process.

In support of the internal calibration scheme, the modules
are actively controlled using a temperature compensation
scheme. This is included to maintain the antenna beam
patterns at their ground characterised values.

The instrument also provides noise samples which can be
used by the ground processor to correct for the noise
contribution in the image.

Figure 5-1 Calibration Loop Pulses

The ground processor corrects the image for the effects of
Pulse Repetition Frequency (PRF) variation using data sent
from the instrument with the echo data.

The internal calibration procedure corrects for instrument
gain variations apart from:

- Absolute variations in the passive part of the
antenna outside the calibration loop; eg antenna
face planarity variations.

- Short term variations (relative to the refresh times
i1 the instrument gain function) in the instrument
gain within the loop.

- Relative variations in the antenna patterns (relative
to the reference point) due to errors in module
phase and amplitude weights. An example is errors
caused by imperfections in the module temperature
compensation scheme.

- Variations in the calibration loop itself.

- Variations in gain across the dynamic range.

5.2 External Characterisation

As the satellite over-flies a ground receiver, the instrument
transmits pulses from each antenna row in turn. They are
recorded on the ground for off-line processing.

In addition these .same pulses are sensed by the calibration
loop and passed through the received chain and transmitted
to trie ground. This allows the beamforming networks to be
characterised from the difference between the radiated
results and the internal path results.

From the 32 rows any linear progressive ph
accurate measure of the antenna pointing.

iase error is an

5.3 External Calibration Overview

External calibration is performed against three calibrated
ground target transponders with nominally equal radar cross
section.

The three transponders are positioned along an East-West
line with approximately 20km spacing between adjacent
transponders.

Although the satellite orbit repeat period is long (35 days),
the orbit almost coincides every 3 days, being shifted by
approximately 100km at latitud'e 50° N. The transponders
are observed on five successive near coincident orbits, with
their stand-off distance varying over 400km, compared to the
total coverage of the instrument of approximately 490km; ie
the transponders are observed over most of the coverage.

A second series of five observations of the transponders is
made with the satellite direction reversed; ie both ascending
and descending passes are used to make observations.



1169

In all. 22 individual transponder observations are made in
image mode, using both H and V polarizations. During
these observations the internal calibration operates
normally. The integrated image power observations of the
known target size are used to derive an overall calibration
scaling factor for image mode.

6. MODES OF OPERATION

The instrument operates in one of several modes (see Table
6-1). These modes are grouped in four areas:

- Support modes - various stable states when not
operating

- Operation modes - operating according to
command requirements

- Calibration modes - allowing calibration and
characterisation when overflying ground receivers
or transponders

- Test/Health check modes - used for in-orbit checks
on 320 active elements and on-ground verification.

6.1 Operational Mode Descriptions

6.1.1 Image Mode. The Image mode provides continuous
coverage over a single swath nominally 100km wide. The
swath can be selected from anywhere within a 500km region
(incidence angle range 15° -45°). For nominal operation
seven swaths, ISl to IS7, are defined which provide the
required performance over this region. The imaging is
performed by transmitting a continuous series of pulses and
acquiring the required echo information after the
appropriate return trip delay.

The transition to Image mode is made automatically
following the appropriate macrocommand. The timeline is
shown in Figure 6.1-1. During this transition, the Mode
Control Equipment (MCE) within the Control S/S passes
the transmit and receive beam phase and amplitude settings
to the TCIUs on the antenna, calculates chirp coefficients
and installs them in the Data Handling Equipment (DHE)
chirp generator and passes sampling window parameters to
the DHE.

SUPPORTMODES

OFF

STANDBY

HEATER

PRE-OPERATION

Inatnuneni electrically diMonnected from pUtform

lutnunent oommunkitiooj active tod capable of rcctrvint,
commanda and transmittuf tekmetiy on demand. The
intern*! monitoring i)*Um ia active

Oveu of «11 unit* requiring temper* tu» siabiliaation are
active and liable

AU unit* are active but no uannûaiou are occumof;

OPERATION MODES

WDESWATH

i OLOBAL
i MONITORINO

! ALTERNATING
I POLARIZATION

TUl mod» opnUMlritll vida MUb Ud radiKad
quell woliitioii

Hi|b ntolutk» itMrad btam

Sanplad ifflafjat mod» • low dtu rala

Low data nie, low niolutioa |)obal inafiai node

Intariaavad W aid MH imam al hit. iwolutioD

CALIBRATION MODES

(EXTERNAL !
! CHARACTERISATION

Eiunul duractamatkHi to frouad rtotivcrt

TEST/HEALTH CHECK MODES

; MODULESTEPPINO

TEST

Indmdm] baaltk duck on iacli TR Module

Oo-fjouid WOJU facility

Table 6-1ASAR Modes

The transmissions are then interrupted for a short period of
16 pulse repetition intervals (PRI) to allow echoes to die
away before making noise measurements as part of an initial
calibration cycle.

eg

Figure 6.1-1 ASAR Image Mode Timeline
The initial calibration cycle timeline is shown in Figure
6.1-2. During this sequence, all 32 rows of the antenna are
calibrated by using the different calibration pulses as
previously described.

Noise Measurement | |
(B windows)

tse 2 Measurement
(Rows 1 • 32)

e 3 Measurement
i Window

Puise i & ia Weasiiremern
(Rows 1 - 32)

t f P PI

D

IH

Pulse Type TK la

No Dl (OWS 29 3

Figure 6.1-2 Initial Calibration Sequence (Image Mode)

Echo measurement then starts interrupted for two PRI every
1022 to make single row calibration updates. This
calibration sequence occupies 4 PRI as shown in Figure
6.1-3 but of these only two echoes are corrupted.

initial Calibration f~~l
Cycle '-'

Nornai Operation \ Complete row cycle Complete row cycle

in IT. J
All rows Tx P3 Ti P3
Wanted 'Ow
Otner 3 'OwS
29 rows
28 rows

Pis P*

Figure 6.1-3 In-mode Calibration Sequence (Image)

Image mode operation continues uninterrupted until the
receipt of a macrocornmand to enter into another mode.
Transmissions cease immediately but the instrument collect,
data for a further 16 PRI to obtain all the echoes from
earlier transmit pulses. Then a further 8 PRI are used to
make noise measurements before the instrument begins its
transition to Pre-Operation mode.
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6.1.2 Wide Swath Mode. The Wide Swath mode provides
continuous coverage over a swath nominally 400km wide.
This swath is divided into S subswaths ranging from 60 to
100km. Using the ScanSAR technique ASAK transmits
bursts of pulses to each of the subswaths in turn such that on
return to any subswath a continuous along track image is
formed.

During transition into Wide Swath mode all necessary data
transfers and timing parameters are established.
Stabilisation, noise measurement and initial calibration
follow in a similar (different in detail) manner. However,
during this sequence, all 32 rows of the antenna are
calibrated for each of the 5 subswaths by use of the
calibration pulses.

Following initial calibration the echo measurement
sequence commences. For each subswath there is a burst of
transmissions followed by a short quiescent period whilst the
echoes from the last transmit pulses are received. Then
transmissions switch to the next subswath in the cycle. The
calibration measurements are contained in four PRI at the
end of each subswath transmission burst.

On receipt of a macrocommand to move to another mode,
the instrument completes the repetition cycle that is already
underway before making the transition to Pre-Operation
mode. This ensures a controlled exit from Wide Swath.

6.1.3 Wave Mode The Wave mode is a sampled Image
mode, allowing the acquisition of 5km x 5km vignettes at
regular along track intervals. The separation between the
start of one vignette and the next is selectable by command
to be either 100km or 200km. The wave vignette is defined
within any one of the Image mode swaths; it is possible to
select two vignettes across the swath.

The transition to Wave mode is identical to that for Image
mode including the initial calibration sequence. This is
followed by a burst of transmissions covering the 5km along
track vignette distance. A quiescent period is then used to
transfer the data to the PDHT via the low rate data
interface. The total duration of the repetition cycle is the
time taken to traverse the 100km or 200km separation
between vignettes. Noise and calibration sequences are
repeated at the start of each cycle.

6.1.4 Global Monitoring Mode. The Global Monitoring
mode provides continuous along track sampling across a
400km swath. This is achieved in a similar manner to Wide
Swath mode, using ScanSAR techniques. The mode has a
low data rate due to a slightly reduced along track duty ratio
and the use of digital filtering for reduction in the across
track direction. The same subswaths as defined for Wide
Swath Mode are used.

6.1.5 Alternating Polarization Mode. The Alternating
Polarization mode provides imaging in VV and HH
polarizations of the same image by interleaving looks of each
polarization along track within the synthetic aperture.
Effectively, a ScanSAR technique is used but without
varying the subswath. The echo measurement is made
within repetition cycles containing two bursts of
transmissions on each of the polarizations. The only break
in the sequence is a calibration sequence (as for Image
mode). On alternative cycles VV or HH calibration
measurements are made.

6.2 Calibration Modes

The External Characterisation mode provides absolute
calibration measurements by transmitting on each row of the
antenna according to a predefined pseudo-random
sequence. Additionally, some internal calibration
measurements are made simultaneously in order to provide
comparative values as previously described.

There is a set up period comprising a coded sequence to
initiate data recording in the ground receiver, followed by a

transmission which is recorded and used to extract the
underlying carrier. Only one column of the antenna array is
used for this set up period. This provides a wider footprint
which allows a longer time to acquire lock.

6.3 Test/Health Check Modes

The Module Stepping mode provides an internal health
checking facility on an individual module basis. The
calibration paths to and from the antenna are used for this,
although measurements are not intended to provide
calibration information. The purpose of the mode is
primarily to identify any malfunctioning modules to allow
them to be switched off if necessary, and to identify modules
for which calibration offsets are to be applied.

7. PERFORMANCE

The requirements in terms of in-orbit radiometric
performance are given earlier in Section 3. The current
prediction of the in-orbit performance for the same
parameters and others are presented in Table 7.1. This
performance takes into account the beginning of life power
conditions.

OPERATlONALMODE

PARAMETER UNIT IMAGE ALT. WIDE GLOBAL WAVE
POLAR SWATH MON

POLARIZATION HH WorHH WorHHWorHH

SPATIAL m 29x30 29x30 90x90 850X950 5X5
RESOLUTION

RADIOMETRIC dB S2.2 S3.4 2.0 1.4 S1.9
RESOLUTION

SE <f (Sec NoIt) dB 3.9 4.0 5.0 19.1 8.6

, AMBIGUITY
RATIOS: (Sec Note)

-POISTTARGET dB 27.* 26.0 27.2 Î8.5 26 3

-DISTRIBUTED dB 23J 23.3 25.1 25.6 24.1
TARGET

SWATHWIDTH Km 100 to 56 100 to 56 406 406 TWO
SEVEN SEVEN FIVE FIVE INANY
SWATHS SWATHS SWATHS SWATHS SWATH

INCIDENCE
ANGLE

degrees 15-45

LOCALISATION Km OJS
ACCURACY

DCPOWER W 1200
CONSUMPTION

DATA RATE
(MEAN)

RADIOMETRIC
ACCURACY

17-43 17-43 15-45

0.35 OJ5

750 520

1.8

0.35

1200

96.8 1.1

MISSIONUFE 4 YEARS
RELIABILITY 0.92

Note: Values of NEa0 and ambiguity ratios vary across and with swath selected
The values given are averages.

Table 7-1 ASAR Predicted In-orbit Performance

In comparative terms, in the one swath which coincides with
the single fixed ERS-I AMI SAR swath, the ASAR provides,
superior performance.

The main areas of note are:

- Ambiguity performance

- Noise equivalent sigma nought (NEo0 )

- Radiometric Accuracy

The ambiguity calculations, and hence design parameters,
for ASAR are based on a reflectivity model that is incidence
angle dependent and up to about 1OdB more stringent than
the uniform -ISdB upon which the AMI was designed.
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The speckle on the AMI was controlled by the requirement
on radiometric resolution alone. For ASAR the NEo ° is
also defined and the requirement places a constraint 3dB
more severe than the equivalent on the ERS-I AMI.

The third main area of improvement in radipmetric
performance over the AMI is the radiometric accuracy.
Only stability was required of the AMI. The design of the
ASAR will afford an accuracy, numerically the same as the
stability of the AMI. This inherently will yield a stability a
factor of two better for ASAR.

In addition to these the ASAR also gives the following
enhancements over the ERS-I AMI:

- Wider swath and incidence angle coverage

- A second channel of information by dual
polarization VV and HH

- Variable spatial resolutions and data rates.

Furthermore, the ASAR can be tuned in-orbit to make use
of the power available. The designs of instruments are
driven by the end of life requirements. This often results in
under utilisation aï the beginning of life (BOL). The ASAR
can take advantage of BOL conditions which on ERS-1
amounted to 40% extra dc power.

The very design of the ASAR will enable modes of
operation other than the baseline modes identified in Table
7-1 to be demonstrated.

The aims of these demonstrations will be to assess their
viability and the type of data which could be made available
if required in a routine operational system. The
demonstration modes will enable data with various
attributes to be obtained, albeit over limited coverages.
These are summarised in Table 7-2.

MODE I KEVFEATtWES

I
i SPOTLIGHT

'. SCANINRECEIVE ! - MB impraucment in S(N
! • Improvement in R«i|e Ambiguity SupprMtJoii _

I • 6 timei betttr uimuth molutioB

• Of up Io 2.3 time» better ridionetric rwolouon

. Limited iloog tt«k average
t - — - • 1

j INTERLEAVED PULSED j -Snullertiinediiphcemenl between pol«riz»tx>n imije»

i MULTIPOLARIZATION ! - Can ùclude cro» polir inaje

Table 7-2 Demonstration Modes Salient Features

8. ASAR PROGRAMME

Several sources of activities throughout Europe have been
utilised and coordinated to support the development of this
active phased array antenna SAR.

The initial stages of the concept studies and definition had
three main objectives:

- To produce a SAR which contained expansion
potential capable of supporting future
commercialisation

- Advance the design in such a manner as to meet
more stringent user needs

- To match the development and overall programme
to meet the schedule of the late 1990s launch.

At all stages of the definition process care was taken to keep
the enhancements from the ERS-I AMI to a manageable
level commensurate with these objectives.

The structure of the programme is shown in Figure 8-1.
Phases A are the concept definition and preliminary design

phases which took place within the UK and ESA. In parallel
to this technology programmes were also implemented in
order to demonstrate some basic principles. Again these
were carried out in a mixture of ESA and national
programmes.

In order to take the best advantage of the technology
programmes a harmonisation phase took place in late 1990
early 1991 under ESA direction. This harmonisation activity
studied many areas of technology being undertaken by
ESTEC with a view to their applicability to the needs of
ASAR. Several areas of the ESTEC initiated work have
subsequently been made use of by the ASAR team.

The model philosophy for ASAR involves a Structural
Model (SM), Engineering Model (EM), Qualification
Model (QM) and Flight Model (FM) with Flight Spares
(FS).

The SM is for use at Payload level and is mechanically
representative. The EM and FM are fully redundant
instruments with the EM using Mil standard parts as
opposed to the Hi Reliability parts used on FM. The QM is
not a full instrument and exists only at 'box' level. In most
cases the QM is refurbished to provide FS but for the Tile
more TR Modules are produced to allow for attrition as well
as a full Tile Subsystem quantity of FS modules.
' 89 90 91 92 93 94 ~ 95 96 97 98

I
EMDEL(JANW) FMDEL(FEBK)

PHASESA

i PHASES

; DEVELOPMENTMODELS

i INSTRUMENT PHASE OD

INSTRUMENT DELIVERIES
TO PAYLOAD

PAYLOAD(PLATFORM A]T (FM)

POEM-] LAUNCH

Figure 8-1 ASAR Summary Schedule for POEM-P"'

In order that the extent of advancement and innovation to
be incorporated in the design was compatible with the
POEM-I programme, an overall programme, from concept
to flight delivery, had to be determined.

The basic ground rule observed was to follow a classical
sequential and hierarchical flow. The first task was to
identify the critical path. This necessitated the investigation
of development, manufacturing and test periods. As might
be expected, the Tile Subsystem proved to be the critical
path, and the overall programme was established so as to
accommodate the necessary timescales with appropriate
margins to allow for risk factors.

In order to remove the uncertainties of untried designs and
technologies from the EM build a risk removal programme
was implemented. This is referred to as the Development
Model (DM).

Unlike the EM and FM which are fully redundant and
complete instruments, the DM comprises substantial pieces
of the instrument in the areas of advanced technologies or
designs. The DM has three main constituents:

- Antenna Panel

- Instrument Control System (ICS)

- Data Subsystem

In addition the antenna deployment mechanism and the high
rate data interface in the Electrical Ground Support
Equipment are both being studied.

i
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The DMs are designed and built to as close to the intended
EM standards as practical. Any deviations must be
quantifiable in terms of the impacts on EM. The results of
the DM testing will be used to justify the EM design and
support the release of the EM manufacture.

Areas of development embarked upon either as part of the
DM programme, or in support of it have already yielded
significantly successful results.

A duroid radiating panel built as part of the UK Tile
Demonstrator programme has exhibited the beamtbrming
capability and also proven the temperature compensation
technique addressed as part of calibration. Two other options
have been produced as part of the ASAR DM programme by
SAAB Ericsson Space and CASA-TeDeCe.

An early TR Module has also been produced by MMS UK
using available components, to provide a step towards the
fully miniaturised DM modules in preparation at Alcatel
Espace and MMS UK.

The miniaturised scale of components required in order to
make an active phased array antenna as intended for ASAR
realisable is a key issue. The whole concept depends upon
the use of Monolithic Microwave Integrated Circuits
(MMICs) as well as small efficient solid state power
amplifiers (SSPA).

Some of the MMIC chips have already been produced in
samples prior to DM production and results have been
extremely good.

The key technologies and designs are, under the programme
presented earlier, due to prove the technical viability of the
ASAR design at circuit level prior to the end of 1992.

All electrical areas of the ICS and Data Subsystem DMs are
currently nearing design completion with some in build.

The Antennal Panel DM is similarly in a mixture of design
and build phases with the most advanced stages being the
radiating panels, TR Modules and Tile Control and
Interface Unit.

9. CONCLUSION

The ASAR design has been shown to be feasible and its
development is consistent with the overall POEM-I
timescale.

The ASAR programme will establish a European
technology base which will be proven in 1998 and used into
the 21st Century for the commercialisation of spaceborne
radar data.

The provision of variable spatial resolution upon request
and global accessibility of dual polarization images will
expand the data set available to meet the increasing user
demands.
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ABSTRACT

The MuItifrequency Imaging Microwave Radiometer
(MlMR) is an instrument built by the European
Industry for the European Space Agency (ESA) to
be flown on a Polar Platform due to be launched
in 1998.

As an introduction this paper describes the
operational and functional parameters of HINR and
its mission objectives. Then the performances,
hardware concept and design and calibration
aspects are presented.

HIMR is a leap forward in Microwave Radiometry
with respect to already flown Radiometer and will
provide high performance microwave measurements
for determination of global weather and critical
océanographie, atmospheric, cryospheric and land
parameters, to operational forecasts and users
and the research community for the years beyond
2000.

I. INTRODUCTION

MIMR will fly on a spacecraft (fig.l as example)
in a circular sun synchronous near polar orbit at
an altitude of approximately 705 km with an
inclination of 98.2 deg. and an orbit period of
99 mn. The orbit produces 14.5 full orbit
revolutions per day, its nodal ascending crossing
time at the equator is in the range 1:15 to 1:45
hrs. p.m. The conical scan geometry of MIMR
(fig.2) views the earth scene with an incidence
angle of 50 deg.

The active portion of the scan covers a swath of
1230 km which results in a 24 h global coverage
presented in fig. 3. Only the black areas are
missed. TABLE 1 provides the Earth surface
coverage for one, two and three days. The small
polar caps at North and South Poles are never
covered due to the orbit inclination and
represent 0.2% of the Earth surface. But the
diamond shaped regions will be fully covered
after 72 hours.

MIMR rotates continuously about an axis parallel
to the local spacecraft vertical. The scan
directioi. is from the right to the left when
looking in the fore direction of the spacecraft
with the active scene measurement lying ± 60 deg
about the fore direction, resulting in a swath
width of 1230 km. The spin rate of 26 rpm
provides a period of 2.3 seconds during which the

Figure 1: EOS-* Observatory

spacecraft sub-satellite point moving at 6.75
km/s travels 15.5 km, which correspond to an
overlap of the antenna footprint of nearly 30%
for the 18.7 GHz channel. The channels 36.5 and
89 GHz use a pushbroom technique with two beams
for the former one and four beams for the latter,
in order to cover the 18.7 GHz footprint along
the track. The subtrack spaces for these channels
are respectively 7.8 km and 3.9 km. The sampling
interval is set to 8, 4, Z ms and equals the time
of the beam to travel 15.5, 7.8 and 3.9 km
(depending upon the beam) in the cross track
direction.

' Figure Î: Coniol sc»n by rotMln» »r>t«M • "' ' ••>•

mr of the /r.te'national Space Yea' Corfe'ence HeIO in Mur.<ch Germany 30 March-4 April 1992

J.
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II. SCIENTIFIC OBJECTIVES

The HIHR mission objectives are the measurement
and full-time monitoring of geophysical
parameters related to the atmosphere, the ocean,
the cryosphere and the land.

The most important geophysical parameters for
each application area to be measured by MIHR are:
Atmosphere:

Ocean:

Cryosphere:

Land:

Ocean/
Atmosphere
Interaction:

• total water vapour content in the
atmosphere

• total liquid water content
rain rate
cloud extent
typhoon monitoring
ice content in clouds
wind speed at the sea surface
sea surface temperature
sea ice concentration
ice type
ice mapping
snow cover
snow water content
permafrost
soil moisture, vegetation
characteristics (semi-arid areas)

- carbon dioxiJe exchange

Table 2: HIHR Environmental Products Performance

Parameter

Ocean Temperature

Ocean Surface
Wind Speed

Ice

Area covered

Age

Edge Location

Cloud Water
(<100 m Diameter)

Liquid Water
(>100 m Diameter)

Integrated Water
Vapour

Precipitation
over water

Soil Moisture

Land Surface
Temperature

Snow Water Content

Surface Type

Cloud Amount

Sampling
Distance

(km)

15.5

15.5

15.5

15.5

8.0/4.0

15.5

IS. S

15.5

15.5

15.5

15.5

15. S

15.5

15.5

Range of
Values

O to 30

3 to 25

O to 100

1st year,
multiyear

N/A

O to 1

O to 60

O to 80

O to 25

0 - 6 O i

180-340 K

O • 50 cm

12 Types

O - 100 *

Quantisation
Levels

0.2

1

5

1 yr, > 2 yr

N/A

0.05

0.10

0.5

O, 5, 10, 15,
20, > 25

1

1

1

N/A

I

Absolute
Accuracy

± 1' C

t 2 m/s

l 12 %

None

i 2 km

0.1 kg/m?

•0.2 kg/ffl2

•3.0 kg/n.2

i 5 mm/fir

None

None

± 3 cm

N/A

t IO X

Figure 3: Dally Coverage of HIMU over the norhtern !legions of the Earth

III. INSTRUMENT CONCEPT

The MIMR instrument (Fig.4) consists of an offset
parabolic reflector of dimension 1.6 x 1.4 m,
illuminated by a set of 10 feed horns arranged as
close as possible from the focal point of the
antenna. The reflector and feed horns antenna are
mounted on a drum which contains the receivers,
digital data subsystem, mechanical scanning
subsystem and power subsystem. The entire drum
assembly is rotated about the axis of the
instrument by a coaxial!.'/ mounted bearing and a
brushless DC motor. All data commands, timing and
telemetry signals, and power pass through the
rotating part to the stator via a roll rings
assembly.

The MIMR is a 12 channels, 6 frequencies passive
microwave radiometric system. It receives both
jrtically and horizontally linearly polarised
radiation at 6.8, 10.65, 18.7, 23.8, 36.5 and 89
GHz.

The receiver concept is based upon a total power
radiometer configuration which provides a factor
of two greater sensitivity over a conventional
"Dicke" switched system.

The calibration concept uses the external
calibration technique where a small mirror and a
hot reference absorber are mounted on the top of
the drum off axis in order to occult the horn
assembly once per rotation, thus providing a warm
and cold (3'K) reference point for each channel
every 2.3 seconds.

These two last concepts have been experienced
with success on the SSM/I radiometer flown on
board the Defense Meteorological Satellite (DMSP)
and considerably improved the performances
compared to previous spaceborne radiometric
systems.

IV. INSTRUMENT PERFORMANCES

The spatial and radiometric performances of the
MIMR instrument after level 2 preprocessing of
the data are presented in Table 3. The
preprocessing will include a system pointing
error correction algorithm from the orbit state
vectors delivered by the EOSDIS ground system in
order to correct for incidence angle variations,
and geolocation errors, and a radiometric error
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correction software package. The «registration
of the various channels and the apodisation of
the instrument transfer function will be made at
level 1 ground processing level.

Table 3: MIMK System Performances

ll) V e r t i c a l and Horizontal polarisation for all channels

V. INSTRUMENT DESIGN

ANTENNA

The antenna sub-system retains the concept of a
single 1.6 m offset antenna with a main reflector
whose core is made of aluminum honeycomb with
carbon fibre reinforced plastic (CFRP) face
sheets layers on each side. The reflector face
looking at the Earth is covered by a thin layer
of aluminum vapour deposited, for good
emissivity performances.

The measured surface roughness is less than
rms, which ensures very good performances at 90
GHz. The reflector illuminates a set of feed
horns, one for each lower frequency channel, two
for the 36 GHz and four for the 90 GHz channel .

This multi-horn concept used with the highest
frequency channels for imaging, using a sweeping
technique, has the same track swath as the 18 GHz
channel beam and allows a low scan rate, the best
IFOV and a good sampling interval along the
track. The horns are configured so as to optimise
the antenna pattern. The size and choice of horn
type provide cross-polarisation performances
better than 23 dB, and the beam efficiency,
defined as -20 dB antenna pattern contour level,
is better than 91% for all channels.

Channels

Antenna Bpamwid

footprint sizes

h (deg)

Along track

Across track

1

2.158

60 25

38.7

1

1.382

38 6

24.6

3

0.797

??.3

'4 3

4

0.732

20.5

13 I

5

0.416

11.7

7.5

6

0.174

4.9

3.?

Table 4 Antenna Characteristic! por Channels

RECEIVERS

The receiver operates in total power mode and
three configuration schemes are retained. Direct
detection is expected for the 6.8 and 10.65 GHz
channels, single side band (SSB) heterodyne
receivers are preferred for the 18.7, 23.8 and
36.5 GHz channels, and a double side band (DSB)
receiver with beam lead diode front end mixer is
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' fiannel ̂

CeMre freq

bampl ing

Radiometric
CK)

Radiometric

Radiometric

along track
(km)

across track
Max value(km)

along track
(km

across track
(km)

Sensitivity

Stability CK)

Accuracy ("K)

1

6 B

60

60

15.5

IS. 5

O. I

0. 2

1

2

10.65

38

38

15.5

IS 5

0.4

0.4

1

3

18.7

22

22

15.5

IS. 5

O. S

0.5

1.5

4

23.8

20

20

15.5

IS. 5

O. S

0.5

1.5

5

36.5

11.6

11.6

7.75

7.75

0.5

0.5

1.5

6

B9

4.9

4.9

3.87

3.87

0.7

0.7

1.5 Figure «; Him instrunent Concept

enviiaged for the 90 GHz channels. HEMT
amplifiers are foreseen as low noise amplifiers
for channels one to five. They provide very good
performances, and noise figures have been
measured as low as 0.9 dB at 6.8 GHz and 3.4 dB
at 36 GHz. The local oscillators of channels 3 to
6 will use Dielectric Resonator Oscillators (DRO)
as fundamental source, and will be coupled to
multipliers for the highest frequencies. This
technology will improve the power consumption,
the stability, and the reliability of the
oscillator with respect to a classical design
using gunn diodes. The topology of the receivers
provides the capability of reconfiguration of the
receiver in the event of failure of one chain. In
this case, the vertical and horizontal signals
can be switched or multiplexed towards the
operating receiver.

SCANHING MECHANISM

The scan mechanism is based on a well improved by
testing design made for AMSU-B instrument.

The scan mechanism function is primarily to
command and control the rotation of the rotating
part of the instrument at a speed of 26
revolutions per minute. In addition, it will
provide information about the angular position of
the antenna, transfer power, command, telemetry
and scientific data from the payload to the
rotating drum and vice versa. It will also
provide compensation for the induced torque, and
mechanically support the mass of the antenna and
its associated horns and receivers. The scan
mechanism itself is built around a 12 poles
brushless DC motor mounted directly on the main
shaft. The scanning part, or rotor, is supported
within the mechanism by two lead-lubricated
angular contact bearings assembled in a
back-to-back configuration. The upper main
bearings are housed in a spherical seat housing,
dry lubricated with MOS2 providing accurate self
alignment of the bearings. The mechanism rotor
position coding is provided by a 50 pitch
inductosyn sensor.
The reaction wheel assembly which counterbalances
the torque, induced by the rotation of the
antenna system (35 cm diameter), is an upgraded
version of traditional design. It exhibits
friction torque as low as 0.006 to 0.01 Nm. The
wheel is hermetically sealed and wet lubricated
with KGSO hydrocarbon oil.



1176

The power and signal transfer across the
mechanism rotating interface is provided by a
roll-ring assembly, built and life tested by
Honeywell, which provides low friction noise.
The balance and control system is required to
provide on orbit static and dynamic balancing of
the instrument to minimise disturbances to the
spacecraft platform.

The balance control system comprises four
piezoelectric force sensors and two balance
mechanisms. Each banance mechanism employs a
stepper motor which acts as an integral sliding
mass.
The offload device ensures that the load of the
instrument during launch bypasses the scanning
mechanism into the instrument structure. The
device is locked by marmon clamp blocks which
w i l l be released by means of pyrotechnics. The
scan control electronics drive thfe motor and its
momentum wheel rotation, drive the balance and
control device, and interface with the instrument
Intelligent Control Unit (ICU) in order to
command and monitor properly the operating of the
scanning mechanism.

COMMAND AND CONTROL

the ICU is almost standard equipment which
interfaces the instrument with the On Board Data
Handling Bus. This unit allows command of the
instrument modes, acknowledgement of the command
and monitoring of the proper functioning of the
instrument. It provides housekeeping data and
transfers the on-board clock timing for dating of
the scientific measurements. In addition, patch
and dump functions are integrated in the ICU.

SCIENCE DATA INTERFACE

The science data processor interfaces the output
of each receiver with the payload science data
handling system. The functions of this unit are
mainly to sample, hold and quantify 12 bits of
incoming receiver signals. The resulting digital
signals are then buffered and multiplexed. The
science data stream is merged with telemetry,
auxiliary and calibration data into standard
frame packets and sent to the payload data
handling system.

POWER INTERFACE

The power supply unit (PSU) will interface with
the 12OV DC spacecraft bus and will provide to
the various subsystems and equipment the
necessary regulated power with a high efficiency.

CALIBRATION

The onboard calibration concept is relying on two
calibration devices, a small reflector looking at
the 3'K cosmic background radiation and a warm
reference absorber, mounted on the top of the
instrument (Fig.4), occulting each scan period
the main reflector, feeding the horns with an
accurately known radiation power.

This calibration scheme provides an overall end
to end absolute calibration which includes the
horns and their associated receivers.

In addition highly sensitive thermal sensors
(0.05'K) will be used to monitor the antenna main
reflector, the hot calibration target and the
calibration reflector temperature. These
informations will be used during the processing
of the data on ground for radiometer corrections.

This calibration concept based on SSM/I
experience will ensure an adequate calibration of
the instrument gain variations due to the
temperature cycles over one orbit and during the
extreme variation of solar heating which occurs
at the winter solstice.

1SF -"1 *
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ACCOMMODATION BUDGETS

In its present design, the mass of MIMR, including
the support structure to adapt the instrument on
the spacecraft, does not exceed 200 kg and its
power consumption is nearly 190 W. The data rate
including auxiliary and calibration data and
headers is less than 67 kbit/s with some
oversampling included. The uncompensated momentum
is better than 0.3 Nms and with in trbit balance
the dynamic and static imbalance are respectively
5800 kgram2 and 3.54 kgmin. The scanning position
accuracy is better than 0.01 degree.

VI. CONCLUSIONS

The MIMR instrument design presented in this paper
is tailored to the scientific, mission,
performances and accommodation objectives outlined
in the first chapters of this paper.

In its present concept the instiument is limited
by the accommodation specifications (residual
dynamic and static torques) and the state of the
art of the in orbit balance and control mechanism.
This constrains the scan rate and the rotating
mass of the rotor, and as a consequence provides
boundary conditions on the antenna diameter, the
footprint size and the pixel interval as well as
the number of channels to be accommodated in the
rotating drum.

Considering image quality, further studies are
necssary for the definition of the ground segment
pre-processing and in the field of scientific
parameters algorithms.

A good background exists in Europe [réf. 3 and 6]
in the field of inversion methods and radiometer
instrument validation based on the work performed
for the ATSR instrument on board ERS-I to be
launched in 1991.

D
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BROADBAND IMAGING SPECTROMETER TECHNOLOGY AND ITS USE POTENTIAL
FOR ENVIRONMENTAL CHANGE MISSION

B. Kunkel, F. Blechinger and A. Schmftz-Peiffer
MBB - DASA, Space Communications and Propulsion Systems Division

ABSTRACT

ROSIS-airborne, ROSIS-ATMOS, ROSIS-02 and HRIS
are imaging spectrometers under DASA-MBB prime con-
tracts for remote sensing of the ocean, land and atmos-
phere with high spectral and medium to high spatial reso-
lution. While-the airborne ROSIS has been developed for
regional monitoring, theother instruments are planned for
global monitoring from space. This paper gives an over-
view over the applications and technology concepts of
these imaging spectrometers.

1. INTRODUCTION

The monitoring of the biosphere and its interaction with
the atmosphere plays an important role in addition to the
remote sensing of trace gases, temperature and the radi-
ation budget in the "Mission to Planet Earth". Imaging
spectrometers offerthepossibilitytomeasuremany para-
meters of the ocean-atmosphere-land system with high
spectral and spatial accuracy. In this paper some typical
imaging spectrometer concepts and their applications in
environmental monitoring are discussed.

2. ROSIS

ROSIS (Reflective Optics System Imaging Spectrome-
ter) is a compact, programmable imaging spectrometer
concept based on a 2-dimensional matrix detector array,
using all-reflective optics for the telescope and spectro-
meter.
With this concept, radiances from the ocean, land and at-
mosphere in the spectral range from UV to SWIR are me-
asured with high spectral and medium to high spatial re-
solution, see Réf. {1} to {3}.

The overall scientific aim of ROSIS is to obtain new infor-
mation about oceanic constituents and the marine pollu-
tion, improved data on clouds, aerosols, vegetation sta-
tus, crop type and soil condition.

2.1 Airborne ROSIS

The airborne ROSIS serves as a verification prototype of
the ROSIS concept. It is a common development of DLR,
GKSS and MBB.
Fig.2-1 shows the (patented) optical sheme of the instru-
ment.
The image on the ground (Iline perpendicular to theflight
direction) is relayed through a baffle via a tilt mirror. The
purpose of this mirror is to shift ihe scan line either forward
or aft to avoid sun-glint. The ground image is focussed by
the two off-axis telescope mirrors onto the entrance slit of
the spectrometer (the entrance slit represents the actual
scan line on the ground by cutting off the rest of the FOV).
The focused line image is expanded and parallelized
through another off-axis two-mirror collimator system for
dispersion by means of a reflective grating. The collima-
ting system subsequently focuses the beam via a small
deflection onto a CCD matrix detector. The trigger and
read-out electronics are arranged on top of the array to
avoid long connections, which would degrade the signal.
First test flights for airborne ROSIS will be performed in
spring 1992. Upwelling radiances will be measured within
the spectral range from 430 - 880 nm.
The spectral resolution is designed to 4.1 nm, thus, at 685
nm it will be possible to measure the sun-induced Chloro-
phyll-a fluorescence of plankton in the ocean. 85 spectral
channels out 105 can be selected and more than 28 chan-
nels can be read out and be stored on optical discs.
Tab. 2-1 gives an overview of the main technical data and
applications of the airborne ROSIS.

Fig. 2-1: Optical Scheme of Airborne ROSIS

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341. July 1992! . I



Total FOV
lnst. FOV
Swath width (km)
Ground pixel size (m)
Spectral range (nm)
No. readout channels
Spectral bandwidth (nm)
Application Ocean:

Atmosphere:
Land:

+/-16"
0.55 mrad
1.15 at 4 km flight level
2.2 " ' " "
430 - 880
28 from 105
4.1 nm (sampl. interval)
constituents, pollution
clouds, aerosols
vegetation classification

Tab. 2-1 : Technical data of Airborne ROSIS

The main purpose of Airborne ROSIS is a regional moni-
toring eg. of marine pollution in coastal waters, plankton
blooming, detection of mesoscale oceanic fronts, clouds,
vegetation status and aerosol distribution.

2.2 ATMOS - ROSIS

A spaceborne version of ROSIS has been studied within
the ATMOS Programme. ATMOS (Atmospheric and En-
vironmental Satellite) is a satellite for global remote sen-
sing trace gases, clouds, aerosols, ocean pollution,
plankton blooming and vegetation status.
ATMOS-ROSIS is assembled of 4 tilted single optics
modules to provide the large 82° field of view (see
Fig.2.2). Different from the airborne ROSIS with a grating
spectrometer, the ATMOS-ROSIS concept is based on a
set of two achromized prisms for dispersion over the
spectral range from 400 to 1050 nm. The need for two
prisms arises from the wide spectral range and the high
spectral resolution.
The swath width of the ATMOS-ROSIS is 1500 km for an
800 km orbit, the spatial resolution reaches 242 m in nadir
direction and the spectral resolution reaches 2.5 nm for
detection of sun-induced Chlorophyll-a fluorescence and
cloud type and top height determination.
A total of 256 spectral channels is available, of which ab-
out 60 are considered neccessary for scientific purposes.
They will be fixed on the CCD-chip and 18 of these 60 will
be free programmable from ground for storage or trans-
mission. Hence, it is possible to vary the channels during
the planned 3 years mission. The data will be available in
different modes which can be selected from ground. Be-
neath X-band transmission to 2 or 3 ground stations a S-
band transmission of 9 spectral channels to the 700 NO-
AA-stations all over the world is planned. Thus, it would
be possible to receive regional ROSIS data directIy in ma-
ny parts of the world.

For inflight absolute and relative calibration against the
sun, a reflective diffuser is accomodated in the front-end
section. For the internal calibration and polarization con-
trol adetailed concept has been developed by the DLR In-
stitut fur Weltraumsensoren, Berlin.

The ATMOS-ROSIS electronics are accomodated in
separate standard space-qualified boxes except the OM
electronics, subdivided into:

Box I: Signal Processing electronics (1 box, internal re-
dundancy) with:
- amplification and correlated double sampling to increa-
se the effective dynamic range and an amplifier for the ra-
diometric correction factors and the A/D converter
- a large 3-d switch memory ("ping pong memory") with
alternate read-in / read-out
- integration over multiple pixels and formatting to the da-
ta transfer.
Box II: Control and Power Unit with:
-instrument proccesor unit for modes and status control
and interfacing to the ATMOS satellite
- power converters for the ROSIS voltages and power di-
stribution.
The mission objective of ATMOS-ROSIS are the remote
sensing of the earth surface and the atmosphere for a bet-
ter understanding of environmental changes and its in-
fluence on climate. Its main measurement tasks are:

Oceanography:
- Monitoring of oceanic constituents especially Chtoro
phyll-a by absorption and fluorescence

- Chlorophyll-a mapping for biomass monitoring
- Water pollution and algae blooming
- Dynamic processes (mesoscale fronts and eddies)

Land Use:
- Vegetation index and status
- Soil condition, crop and drought forecast

Meteorology, Climatology:
- Clouds distribution and cloud top height
- Distribution and classification of different aerosols
- Snow and ice status, coverage.

At the end of ATMOS Phase B2 Study(Dec. 1991), the
ATMOS-ROSIS design has been specified to a high de-
gree of detail. Due to funding constraints, this national
ATMOS Programme, satellite and instrumentation, will
not be developed further in the next 3 years.

Fig. 2.2: Configuration of the four tilted ATMOS-ROSIS optics modules
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2.3 ROSJS-02

The application spectrum of imaging spectrometers can
be extended substantially if the spectral range is increa-
sed to the SWIR, i.e. from 1.0 to 2.4 urn. Changes of the
vegetation as deforestation, desertification, erosion, de-
crease of ground humidity, water content of plants, chan-
ges in the mineral composition of the gound can be mea-
sured in the SWIR. The subsequently described two ima-
ging spectrometer types, ROSIS-02 and HRIS, are desi-
gned for a total spectral range up to 2.4 u.m. They necessi-
tate the development of suitable 2-d detector arrays for
the SWIR, see sect. 3 for HRIS. Up to now there exists no
spaceborne imaging spectrometer which covers this
spectral range, provides a useful spatial resolution and a
global coverage of 10 to 15 days.
We propose with ROSIS-02 a spaceborne instrument
with emphasis on land applications, but still significant
water quality measurement capabilities (smaller water
bodies). ROSIS-02 offers radiance measurements from
0.42 - 2.4 urn with a spatial resolution of 80 m and a
swadth width of 160 km. This format has been selected in
view of the world-wide use of LANDSAT-MSS. With RO-
SIS-02 it will be possible to cover the earth withinIS days
and monitor the vegetation, soil and its mineralogy with a
high spectral resolution. Tab. 2-2 gives an overview of the
applications the instrument.

Technical Description
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The development of ROSIS-02 is based on the Airborne
ROSIS development as well as on the MBB studies
MERIS (ESA). ATMOS-ROSIS (DLR / DARA), ROSIS-
Land and HRIS (ESA). With HRIS for the first time the ex-
tension to the SWIR-spectrum was investigated. For this
spectral range the optical concept looks quite different.
The optical scheme of ROSIS-02 is shown in Fig. 2-3.
A ROSIS type telescope focuses the incoming radi-
ance from the whole spectral range onto an intermediate
image plane.Then the optical path is split into a VNIR-
and a SWIR spectrometer. The reflective optics design
allows to cover the whole spectrum. AtSO m ground pixel
size, the above described ROSIS optics concept can be
maintained at manufacturable aspheric mirrcr designs,
for higher geometrical resolutions, see the next section
with HRIS, a different optics concept had to be selected.
The spectral separation can be performed by a geometri-
cal separation with 45 "deflection mirrors or by dichroic
mirrors. The selection critérium will be the required accu-
racy of the spectral and spatial correlation of the spectral
channels.
The spectral dispersion in the spectrometers will be per-
formed by achromized prisms. The spectrometers will be
developed with the rather compact Littrow-design.

Mission Task

LAND APPUCATIONS
- Vegetation Status

-Soil

- Geology, Non-re-
newable Resources

Specific Applications

- Forest stress analysis,
- Vegetation index

- Crop status/stress
(water content, absorption
bands of Ugnirj;, proteins, cellu

- Soil conditions, composit.
(mineral/organic soils)
absorption bands of -COa, -Or
& SO4 compounds

- Surface mineralogy,
Fe-minerals

- Lithol. mapping, geobotany

OCEANS, WATER BODIES (Coastal Zones, Inland Wate
- Biomass - Chlorophyll-a, susp.sedim.

& Gelbstoff concentration
- Chlorophyll fluorescence
- Dynamics, Turbidity, mesc—

scale structures, fronts

GLAQOLOGY •):
- Snow & Ice Cover,

-Status

CLIMATOLOGY •):
- Snow & Ice
- Radiation Budget
- Aerosols

- Cloud Physics

- Discrimin. of snow, ice &
clouds, water ccontents

-Snow/ice status (age,
moisture, via faint albedo chanj

- Seas, snow & ice coverage

as Glaciology
- Albedo dynamics
-Total aerosol load, coarse

size & distribution
-Cloud height & opt. depth
- Type discrimin., see above

ATMOSPHERIC CORRECTION:
- Water vapour - HaO absorption bands

- O; and 03 - esp. Oj absopiion bands

Wavel. Requ

(nm)

680-710,
650-900
1200-1700
as above
2100-2400

Jose...)
880 - 1050,
2050-2400

490 - 1050
2000-2400
2050-2350

is):
430-500
450-800
685
450-600

1550-1700

900-2400

800-1050
2050-2400

450-2400
600-2400

700-1050
1500 - 1700

680-695
820-960
1110-1490
1300-1460
1800-1960
710-740

AA
(nm)

< 3
»20
«20
< 10

< 10
< 10

< 10
« 10
«10

10-20

< 3
10

a SO

< 10

>20
<20

>so
< 10
< 5
< 5
<50

<as
<10
«20

< 10

Albedo

0.1-0.3

0.15-0.5
as above
0.1-0.35

0.05-0.3
0.1-0.3

0.05-0.3
0.1-0.6
same

0.1

A .J.03
sen

>0.8

0.8- 1.05

as above

variable
<0.1

0.8 - 1.0
0.6-0.9

weak
»

tbd

') contributions only due to small FOV/geographical coverage

Tab. 2-2: Applications of ROSIS-02, spectral range, spectral resolution and specific albedo
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From the spectrometers the light is focused on the VNIR
and SWIR FPA. For VNIR a Si-CCD array is proposed,
for SWIR a 2-d HgCdTe array with CMOS multiplexer.
Both arrays consist of about 1024 (pixels) x 140 (spectral
channels) lines. Their size is 30 u,m x 30 urn. The CCD-
read-out structure is shown in Fig. 2-4: The sensitive part
of both arrays is separated electrically in two half es. With
this concept the read-out channels are doubled and the
bandwidth (pixel-rate in the signal-processing electro-
nics) is reduced.

The SWIR-array is developed for ESA by Philips IR Def.
Comp. for HRIS, see below, a prototype (140 x 1024 pi-
xels) will be available in 1994. It consists of 4 segments
each with 14Ox 256 pixels; a doubling to 8 segments wo-
uld lead to the required swath width of 160 km. At the inter-
face of the segments an "optical butting" can be used so
that no columns of pixels are lost. The SWIR chip has to
be cooled down to 150 -160 K by a radiation cooler.

SWIR RELAY
OPTICS

SWIR FPA

FRONT
OPTICS

TILT
MIRROR

The pixel lineforthe VNIR hasto be assembled mechani-
cally or optically as no monolythic arrays with 30 urn pixel
size and 2000 elements are available today.
For both arrays a special control electronics is neccessa-
ry, which should be mounted close to the FPA.

The signal electronic* consists of the same subunits
as described for ROSIS-ATMOS, with a special design for
the frontend readout electronics which are conceived as
hybrids.

The status of ROSIS-02 is in rather early planning yet,
one candidate mission is to combine it in af uture mission
with the high-resolution MBB MOMS opto-electronic
scanner, thereby replacing the multispectral MOMS Mo-
dule. So far, only MBB inhouse studies have been perfor-
med for this interesting instrument which, we feel, could
play a fascinating role in the "Mission to Planet Earth".

DUAL ACHROMLfED PRISM DISPERSER

SPECTROMETER

PRIMARY MIRROR"
NADIR

Fig. 2-3: Optical scheme of ROSIS-02

3. HRIS
A recent definition study on HRIS (High Resolution Ima-
ging Spectrometer) has been just completed, with an ex-
tension towards optical breadboarding and particularly
the development of a SWIR-tuned HgCdTe array. The
study team was lead by MBB, and comprised MATRA
(FPA), Officine Galileo (optics) and Philips PIDC for the
SWIR array.
This study is a successor of a preceding feasibility study
lead by MATRA, and lead to a much more compact optics
design as shown in Fig. 3-1.
The main mission and design requirements as defined by
ESA as the customer agency are summarized in Tab. 3-1

Instant. FOV at SSP:
Swath width
No. of pixels/line:
Swath variation:
Spectral range:
Spectral overlap (tbc)of
Spectral sampl. interval:
No. of spectr. channels:

Radiometr. resolution:
Data rate:
Mass:

30m
> 30 km (at 800 km altitude)
>1000
± 30 ° (point, mirror)
450 - 2400 nm
> 30 nm between VNIR/S WIR
< 10 nm full spectrum
> 65 VNIR
> 140 S Wl
< 0.01/0.3 target albedo
<150Mbps
< 400 kg.

Tab. 3-1: Main HRIS Requirements

The application of HRIS is much the same as for ROSIS-
02, though on a regional scale because of the rather small
FOV.

I
1



Technical Concept:

As for ROSIS, a central telescope is used to collect the
upwelling radiance over the whole spectrum. Due to the
high spatial resolution, the aspheric ROSIS front optics
have been replaced by a 5-mirror (spherical) "Shaf er tele-
scope" design (it is worth mentioning that NASA-JPL de-
signedtheir HIRISoptics at almost identical requirements
with a bulkier 3-mirror Baker Paul).
Duetothespectraloverlapdesigngoal, an "in-field"spec-
tral separation (as for ROSIS-02) has been selected with
two separate (HIRIS:3) spectrometers in a catadtop-
tricLittrow arrangement (subject of possible revision if the
spectral overlap is given up). The main drawback of this
in-field separation is the time difference of about 12 scan
lines between both spectral regimes, which deteriorates
any attempt to achieve a high pixel co-registration accu-
racy between both spectrometers due to the platform
drift. A ROSIS type spectrometer concept remains as a
promising option for HRIS as well.

Swath width:
Swath variation:
Spectral resolution:
SNR at 0.3 target albedo:
Absol. calibration accur.
Relative calibration accur
Overall dimensions (mm)
Total mass:
Power consumption:
Max. raw data rate:

30.7 km
± 30° (at 1°/s rate)
7.8 -10.5 nm
580 (685 nm) - 75 (2400 nm)
>3%
< 0.5 % per spectral regime
840x1700x1260
226kg
132 W (aver. dur. operation)
460 Mbps
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The VNIR FPA is represented by a rather custom-tailo-
red monolithic CCD matrix array with 2 x 32 spectral lines
and 4 readout channels to enable the 225 Hz line frequen
cy and 1024 spatial pixels (plus 20 dark reference pixels)
per spectral line at 30 u.m pitch (as for ROSIS-02).
The butted SWIR CUT (HgCdTe) 2-d array with a
CMOS multiplexer represents a new technology deve-
lopment by Ph.. ̂ s PIDCAJK, with a conversion of an exi-
sting 128 x 128 array from 3 - 5 ̂ m into a SWIR array as a
first development step, and subsequent realization of the
fullbuttable array of2x 70 spectral lines and 4x256 spati-
al elements each, see Fig. 3-2.
This CMT array needs cooling down to 150-160 K by
means of a passive radiator cooler,
ft should be noted that the calculated HRIS radtometric
performance (see Fig. 3-3) exceeds the a.m. require-
ments in the VNIR and most of the SWIR spectrum by
partly more than one order of magnitude.
The signal processing electronics require a hybrid
f rontend/readout part to cope with the rather high electro-
nic readout bandwidth requirements.
The In-flight calibration concept is rather ambitious: 2
different diffusers (alternately operated) with different
reflectances are used, one frequently, one occasionally,
plus ratioing radiometers for their characterization; for re-
lative calibration, two small incandescent lamps are fore-
seen plus, as an option, two laser diodes for wavelength
calibration.
The instrument is larger and heavier than the two prece-
ding imaging spectrometers of the ROSIS type, see the
summary of the main technical specifications in Tab. 3-2.

Tab. 3-2: Main HRIS Specifications

SWIR SPECTRO-
METER

FPA
ELECTRON

COOLED SWIR FPA

IFFUSER

VNIR SPECTROMETER
TELESCOPE PRIMARY

UNDEPLOYED DIFFUSERA EARTH1 BAFFLE

Fig. 3-1 : HRIS Optical Concept
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Tab. 3-3 gives a summary of the MBB imaging spectro-
meters applications and technical data.

4. OUTLOOK
The above described types of imaging spectrometers
with their high spectral and medium to high spatial resolu-
tion represent rather valuable tools in the attempt to use
remote sensing diagnosis of the Earth's environment,
with emphasis on the biosphere state. The development
progress has been slowed down by funding constraints -
in the context of this European ISY 92 Conference the
question shall be allowed whether we can afford funding
cuts of programmes which would provide a much faster
understanding of this planet's health -together with all ot-
her valuable diagnostic tools such as ERS-1/2, ADEOS,
UARS, POEM etc. Such funding delays and the associa-
ted lack ior gaps of data may cause much greater follow-
on costs for the global community in the end.
The technology basis for tho here described is mature
enough to allow the immediate development of these in-
struments.

ACKNOWLEDGEMENTS
The authors have to thank the entire MBB, OLR, GKSS,
MATRA, Officine Galileo, PIDC and consultant teams for
their exceptionally great performance. On the side of the
users we like to explicitly thank R. Doerffer, J. Fischer, H.
van der Piepen, W. Schneider for their indispensable
support and advice. The same applies for calibration con-
sultancy for E.O'Mongain, P.N. Slater, H.Schwarzerand
K.-H. Sumnfch. Excellent guidance of the studies on the
agencies side has been provided on ESA/ESTEC side by
R. Meynart and M. Rast (HRIS), on DARA's side by E.
Bach and V. Kaltenbach

ABBREVIATIONS
CMOS: Complementary Metal Oxyde Semiconductor
CMT: Cadmium Mercury Telluride (HgCdTe)
FOV: Field of View
FPA: Focal Plane Assembly
HIRIS: High Resolution Imaging Spectrometer (ESA)
HRIS: High Resolution Imaging Spectrometer (NASA)
MERIS: Medium Resolution Imaging Spectrometer
MOMS: Modular Optoelectronics Multispectral Scanner
ROSIS: Reflective Optics System Imaging

Spectrometer
SNR: Signal to Noise Ratio
SWIR: Short Wavelength Infrared (1000 - 2400 nm)
VNIR: Visible / Near Infrared Spektrum (400 -1050 nm)
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Applications / Techn. Datï̂ .

Spectral Range (nm)

Spectral Resolution (nm)

Pixel Size (m)

Swath width (km)

No. of Selectable Channels

Number of optics modules

Weight (kg)

Status

Airborne ROSIS

coastal waters, lakes:

Chlorophyll.

algae, sediments

vegetation

aerosols

430 - 880

4.1

2.2 at 4 Km height

1. 15 at 4 km height

105

1

85

Flight tests spring'92

ROSIS-ATMOS

global ocean colour

monitoring

Clouds distribution and

top height

aerosols,

vegetation

400- 1050

2.5

242 at 800 km height

1500 at 800 km height

256

4

141

Phase B2 finished

ROSIS - 02

vegetation monitoring

geological monitoring

coastal waters, lakes

sea-ice, snow, clouds

420 - 2400

4(ViS), 10(SWIR)

80 at 800 km height

160 at 800 km height

140 VNIR

140 SWIR

2 (2 spectrometers)

150

Technical proposal

HRIS

vegetation class.

geological

monitoring

450 - 2400

7.8- 10.5

30 at 800 km heigh)

>30 at 800 km height

> 65 VNIR

> 140 SWIR

1 (2 spectrometers)

226

Pré-Phase A

Tab. 3-3: ROSIS / HRIS Summary of Applications and Technical Data
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DESIGN OF AN IMAGING SPECTROMETER PROCESSING CHAIN FOR SPACE APPLICATION

A. Bonati, P. Massa, E. Papa, L. Scandelli, G. Simonetti

LABEN - S.S. Padana Superiore 290, 2O090 Vimodrone (Milan) Italy

ABSTRACT

The digital signal processing section of
a breadboard spectrometer for use in
space environments is described. The
instrument is a candidate core instrument
for the European Polar Platform and it is
used for ocean and land monitoring. A key
feature is the on-board correction of
errors arising from the optical
transducer.

1. INTRODUCTION

This paper deals with the design and the
characterization of an Imaging
Spectrometer 'ised in space environments.
This instrument, developed under ESA
contract, will be a payload of the First
European Polar Platform (PPF) mission,
which will be launched at the end of
1997.
The main scope of the mission is ocean
and land monitoring. In fact, since
the instrument works in the visible and
the near infrared range of the spectrum
(400 ..105O nm), it can give to the users
some information in various fields of
application such as:
-oceanic observation: chlorophyll and
"yellow substances" Measurements in the
spectral range 400..711 nm
-atmospheric analysis: top clouds
altitude and pressure measurements in
the spectral range 780.. 1050 nm

-land observation: monitor of phenomena
trends such as desertification and
pollution in the full instrument range.

All the previous information has to be
acquired on 30 non-overlapping spectral
bands,whose widths range from 5 nm to 40
nm.

iiie scientists can choose the position
of the Danas in tne spectral range
(Spectral Configuration), the band
widths and the IFOV (instant field of
view) of the observation, taking into
account some constraints. The instrument
spectral resolution is 1.25 nm and
the spatial resolution is 26Om x 26Om.
Furthermore 15 of the 30 spectral
bands must have an IFOV of 26Om x 26Om,
referred to as High Resolution (HR)
mode, while the other bands can have a
selectable IFOV of 52Om x 52Om, 104Om x
104Om or 208Om x 208Om, referred to as
Low Resolution mode (LR). Sometimes,
durinq ocservation phases, both modes are
active (Mixed mode), otherwise only the
Low Resolution mode is active. The
acquisition time,also called frame time,
takes 39.5 ms.
The whole instrument consists of six
acquisition and processing chains and
scans, each frame, with the push-broom
technique an Earth swath 260 m wide and
1500 Km long. Moreover there is a small
overlapping region between two CCD1s FOV
(field of view).
Its output. representing the scene
albedo, should have a radiometric
resolution, called Noise Equivalent delta
albedo, of 5 E-4.
In order to match the instrument
requirements, a CCD (Charge Coupled
Device) has been chosen as optical
trasducer. This works in Frame Transfer
Mode on a 576 x 770 pixels image. In fact
this CCD is made in two parts: the first,
photosensitive, performs the image
integration, while the second, non-
photosensitive, downloads the previous
image to the processing chain. The
scene radiation passing through the
optics and the grating is focused on the
focal plane assembly (FPA) of the sensor
so that a line image of ground, in any
wavelength, falls on the CCD lines, while
the spectrum of any point on the line
image falls along its columns.
The generation of the required 30
spectral bands from the 576 CCD lines is
performed in two steps:
a)CCD clocks are arranged so that
consecutive lines are accumulated, in
an analogue way, or dumped in order to

VW*1*1
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of 45 lines calledobtain a set
microbands .

b'A gx } •;. - - i ro:.-̂  - -i - i ve mi'-robands is
summed in a digital way to obtain each
of the final 30 bands.

The CCD output data rate is 1.1
Megapixels/sec .
It is required to correct the static and
the dynamic errors arising from the
sensor, namely the dark current, the non-
uniform pixels response, the different
response among six CCDs and the smear
effect. Moreover it is necessary to
calibrate the whole system with respect
to an absolute calibration source, i.e.
the Sun.
So the main feature of the processing
chain is that it is able to correct in
real time the signals coming from the
CCD during observation.
Two of the 45 microbands are used to
estimate the smear due to the previous
and the current frame.
Other tasks are the Spectral
Integrator, in order to reduce the
45 microbands of the CCD output image
into the 30 spectral bands required
plus an extra band for the smear effect
correction, and the Spatial Relaxation,
in order to provide images with IFOV
different from 26Om x 26Om.

2. OPERATIONAL REQUIREMENTS

Two main operational modes are envisaged:
Calibration and Observation. Both modes
should have the same Spectral
Configuration. The algorithms will be
discussed hereafter.

2.1 Calibration mode

Four types of calibration are possible.
The order of the calibrations is the one
in which they are detailed below.

2.1.1 Dark Current Calibration algorithm

No previously computed correcting
coefficients are needed. At the end of
this calibration, Offset coefficients (30
x 770) will be available.
Procedure:

-CCD obscured
-acquisition of non-corrected data
-averaging over .128 frames
-smear lines offset adding
-memory recording

2.1.2 Gain Relative Calibration algorithm

Offset coefficients must be used to
correct the pixel gain response.
Provisional Gain coefficients (30 x 770)
will be available at the end of this
calibration.
Procedure:

-CCD illuminated with diffused sunlight
-acquisition of Offset corrected data
-averaging over 128 frames
-smear effect correction
-normalization to the first pixel of each
band
-memory recording

2.1.3 Module-to-Module Calibration

Offset and provisional Gain coefficients
must be used for this calibration.
Only the first and the last 20 pixels of
each band can be considered in the time
averages to produce equalization among
modules. These coefficents multiplied by
the provisional Gain coefficients give
the Gain coefficents (30 x 770).
Procedure:
-Earth observation
-for only the overlap regions of each
modules (20 pixels):

aiacquisition of Offset and prov. Gain
corrected data

bîaveraging over 512 frames
clsmear effect correction
-for each band normalization to the
leftmost CCD

-Gain coefficents generation
-memory recording

2.1.4 Absolute Calibration algorithm

This makes use of both Offset and
Gain coefficients. Only the chain
corresponding to an extreme of the
swath can operate and, from that, only
the first 20 pixel of each band.
Procedure:
-sunlight diffusing
-acquisition of Offset and Gain corrected
data
-averaging over 512 frames
-smear effect correction
-transmission to ground

2.2 Observation mode

This is used for Earth observation.
Different Observation modes are
available: they differ in FOV and
spectral bands.
HR mode is characterized by minimum FOV
in which the DSP performs Offset, Gain
and Smear correction on incoming pixels.
LR modes (LR_520, LR_1040, LR 2080)
increase FOV
Relaxation. One of
always be active
phase .
In a narrow window, only when the ground
station is visible , the Mixed mode is
permitted.
Frame number has no constraints Jn HR
mode while for LR_2080, LR_1040, LR_520
it has to be divisible by 8, 4, 2
respectively.

applying Spatial
these modes will
during observation

3. ARCHITECTURE

Two approaches are possible to implement
the algorithms discussed above: a
hardwired approach and a programmable
device based one. The study phase showed
that it is preferable to follow the
latter one due to minimum space
occupation and greater flexibility.
The breadboard developed in LABEN
implements a single processing chain. It
receives data from an analogue card (one
12 bit sample every 900 ns ) which
simulates the CCD sensor and carries the
analogue front-end. The results are

Ii



v.-iil.ihle in an output section from
where, in a flight model, they will be
read by a formatting unit.
The architecture of the complete digital
piocessing chain is shown in fig. 1.
Two main sections are identified: the
first one is based on an adder and
performs dark current correction and the
Spectral Integration; the second one
relies on a 16-bit-data Digital Signal
Processor and mainly is required to
perform gain and smear effect corrections
and, in Low Resolution mode, to spatially
integrate the corrected data.
Luring the calibration phases, the DSP
se -.on computes also the time averages
an exchanges data with the control unit.
Due to the high data thoughput, a
pipeline approach is adopted: for
instance, in High Resolution mode, while
the first section (the "spectral
integrator") processes frame N, the DSP
section processes the frame N - I and
frame N - 2 relevant results are
available at the output memories.
Such pipelining is made possible by the
use of ping-pong RAMs: spectral
integrator RAM is duplicated and the two
resulting blocks are swapped at every
frame so that while one block is used by
the spectral integrator, the other one is
read by the DSP section; in the same way,
output RAMs relevant to the direct mode
data are toggled at every frame ; output
RAMs relevant to the Low Resolution modes
are toggled every two, four or eight
frames according to IFOV selected.
Toggling of RAMs is made by writing a
proper byte into a "configuration
register": RAM banks are organized in
such a way that this register can be
written only at the beginning of each
frame, so optimizing program execution.
A maximum number of 16 microbands can be
summed in the spectral integration
section and this operation is clocked by
a sequencer which is programmed according
to the user's Spectral Configuration. The
whole operation is perfectly synchronized
with the analogue front-end, because the
sequencer is also in charge of providing
clock signals to this section. The DSP
is required to provide the starting
address of each band inside the spectral
RAMs as an answer to a sequencer
interrupt. During the same interrupt
routine, called once per microband (that
is every 693 microseconds), the DSP sends
to the analogue section the gain factors
needed to equalize the sensor spectral
response.
The spectral integrator performs also the
correction of the dark current offsets,
by using calibration data stored inside
the "dark current RAM".
This RAM is loaded at the end of dark
calibration phase and contains dark
offsets modified by dark offsets of the
Smear lines .
The spectral integration reduces the data
rate so that the DSP section can process
the 770 pixels on 30 integrated bands in
less that 39.5 ms.
During the calibration phases the output
RAMs are used to accumulate double
precision partial results in order to
compute precise temporal averages: in
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fact dark and gain relative calibrations
require 128 frames averaging while module
to module and absolute calibrations need
512 frames averaging,- data are
accumulated and only at the last frame
the accumulated result is left-shifted to
compute the average. Output RAMs are also
used during the observation phase in Low
Resolution modes to store partial results
of the along-track Spatial Relaxation.
Moreover, the output RAMs are used for
high speed communication between the
processing chain and the control unit
(presently a PC AT): configuration
parameters and calibration partial
results are exchanged between the two
units through these memories.
A communication section is present to
allow the communication between the host
and the processing chain. In particular a
Status Register, set by the DSP, gives to
the experiment controller the information
about the operating mode, the resolution,
etc. . A Mode Register, set by the
controller, is read by the DSP at every
frame in order to know the operating mode
of the following frame: Calibration,
Mixed mode or Low Resolution mode.
The correction RAM section stores the
correction factors used to compensate
offset and gain errors. They are loaded
by the DSP during the calibration phases.

4. BREADBOARD DESCRIPTION

The Breadboard is a crate on which the
following functions are implemented:
CCD simulation plus analog and digital
processing; the sequencing of all the
functions is obtained using an ad hoc
designed sequencer.
Selected devices for B/B implementation
are:
-TMS320C25 , clocked at 4OMHz, 1 wait
state
-HM65641 as SRAMs, with a total memory
amount of 184 kword

-AC logic functions.
The digital processing chain is
implemented on two boards, with the
following functions distribution:
Board 41: Spectral Integrator, Dark
Current RAM, DSP Program RAM, Mode
Register
Board »2: DSP, Output RAMs, Correction
RAMs, Configuration Register, Status
Register.
It is expected that using hybrids and
surface mounting technology the digital
processing chain can be implemented on
a single Double European Card.
Communication between boards is obtained
using back planes while communication
between host computer and boards is
obtained using the back planes and a
parallel interface. Through an User
software Interface it is possible to
perform all the instrument operational
modes.

5. TEST RESULTS

Tests were executed with a typical
spectral configuration.
Without dependence on the observation/

'.:*«
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. i . i l . a t i o n mocie, CCD data that belong
r - • the o u ï r e n t t i ame , a r e prepared
w i t h t h e f o l l o w i n g a lgor i thm:

p l m . n ] = p ' [ m , n l x k g [ m , n ] + k d l m . n l t
f s i n ]

where :

-p': value of CCD error free data;
depending on operating mode, this data
is set to:
a) zero, during dark calibration or
b'diffused light physical value,during

relative and module to module
calibrations or

c'sunlight physical value, during
absolute calibration or

d i selected image physical value
-Kg: random generated numbers, which
simulate the gain variation between CCD
pixels ;

-kd: random
simulate tne

-s : simulate

generated numbers, which
CCC pixels riark current;
the smear effect.

5.1 Performance Results

These tests were executed in order to
measure the DSP execution time required
for each observation mode and mean power
consumption for each observation mode.
Taking into account our goal of 39.5 ms
to process the whole image, test results,
reported in tab. 1, show that the B/B
takes, in-any case, less than 37 ms.

5.2 Test Image

An image at CCD Focal Plane Array was
chosen in order to obtain a variety of
landscapes (sea, vegetation, sand, lake)
m the spectral domain and to be
représentât ive of a real scene in the
spatial domain. The succession of
landscape types corresponds to the most
probable one: coastal zone between sea
and vegetation, maritime vegetation and
then continental vegetation.
According to these criteria an image of
Dakar (Senegal) was selected. The typical
spectral behaviour is shown in fig. 2.
Input/output images were processed with
evaluation software and main results
are shown in fig.3 ana 4. The selected
evaluation parameter is the absolute
error on albedo, where the albedo is
defined as ratio between the pixel value
and the absolute calibration value.

This parameter is the difference between
the measured albedo and the theoretical
albedo. Figures 3 and 4 show the absolute
error on albedo in the spectral domain
respectively in the blue and infrared
part of the spectrum. The absolute error
increases with the wavelength, since in
the infrared region the signal level
becomes very low.

6. CONCLUSIONS

All aspects of one processing chain were
investigated and, with exclusion of some
technological aspects, the developed
breadboard should be considered very
similar to the processing chain that
could be used in the flight model.
Main results achieved during the study
are:
-demonstration of correctness of the
proposed architectural design of digital
chains
-demonstration that speed requirements
can be satisfied with selected devices
-demonstration that processing time
requirements can be satisfied in all
observation modes
-characterization of errors introduced by
selected calibrations / observation
algorithms
-measure of processing chain power
consumption.
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OPERATING MODES

Mixed mode (@ 520 m)
Mixed mode (@ 1040 m)
Mixed mode (@ 2080m)

MAX EXECUTION TIME
(ms)
36.65
34.25
33.55

MEAN POWER
(mW)
2121
2094
2086

TABLE 1

SPECTRAL VARIATION ON A CCD COLUMN

O S 10 15 20 25 30 35 40 45
MCROBANOS

ABSOLUTE ERROR ON ALBEDO
HRMODE-RESETON(GAINI)

FIG. 2 FIG. 3
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GLOBAL OZONE HONITORING EXPERIMBHT
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ABSTRACT
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GOME - Global Ozone Monitoring Experiment - is
designed to monitor from space absorption by trace
gases in the earth atmosphere. The instrument will
take spectra of the backscattered solar radiation
in the spectral range 240-790 nm., with a spatial
resolution, on ground, of 40 km and a spectral
resolution of 0.2 nm. It will use a four channels
spectrometer, based on holographic gratings, and
cooled arrays of 1024 pixels each as detectors.
The integration time can be set within 0.1 and
1500 sec. The instrument will provide the
Scientific Community with the possibility to
monitor the column amount and the profile of ozone
and the column amount of a variety of trace gases
and aerosols by exploiting both DOAS and SBUV
retrieval techniques.
Keywords: Spectrometry, osone concentration,
atmospheric chemistry.

1. SCIENTIFIC OBJECTIVES

Glob?! Ozone Monitoring Experiment (GONE) is an
instrument developed for research in the field of
atmospheric chemistry; it will flow on the ESA
platform ERS-2, dedicated to Earth observation.
In atmospheric chemistry, one of the most
interesting feature is the global measurement of
trace gases in the troposphere as well in the
stratosphere. Stratospheric ozone is of special
interest due to the depletion region over
Antarctica during spring time.
GOME is going to provide the Scientific Comnunity
with a variety of informations concerning the
atmosphere by measuring the backscattered earth
radiance between the ultraviolet and the near
infrared region (240-790 nm). To detect
atmospheric constituents absorption spectra, a
resolution of a few tenths of a nanometer is
required. Two different retrieval approaches can
be applied to evaluate the measurements: the
differential optical absorption spectrosropy
(DOAS) is used to retrieve slant and total column
densities of, at least, ozone and nitrogen
dioxide; on the other side the SBUV (Solar
Backscattered UV light) algorithm can be used to
quantify the ozone concentration. The latter
approach has already been used on several NASA
satellites. For this measurements, absolute
radiance calibration is required, hence GOME has
the possibility to use solar as well as moon light
for radiometric calibration. DOAS is novel fro*

space, although it is widely used for measurements
from ground, it does not require absolute
radiometric calibration, but needs a very accurate
alignment of the backscattered spectra with a
reference spectrum: this is obtained by in flight
spectral calibration by a spectral lamp and
intrinsic spectral stability of the instrument.
With GOME an enhancement of space borne ozone
measurements can be achieved by using the 03
absorption features in the visible; in addition it
can provide global coverage of molecules as NO,
NOz, BrO, H2Û, Oz/04 and aerosols.

2. MEASUREMENT PRINCIPLE

GOME is a spectrometer operating in the spectral
range 240-790 nm, with high resolution. The
instrument is provided with a scan mirror, that, in
normal operational mode, scans the earth across the
S/C track allowing to measure backscattered
radiance from near nadir direction. As shown in
Fig.l, the entrance slit is projected on ground,
parallel to the track, covering with its length 40
km; the scan angle can be selected for swaths
ranging from 120 to 960 km. Each scan cycle lasts 6
sec during which, with the nominal integration time
of 1.5 sec, 4 spectra are recorded and telemetred,
with a maximum spatial resolution of 40x40 km2.
Global coverage is assured with a repeat cycle of 3
days, for a swath of 960 km, from 86* N to 86° S.

S/C TRACK

'•S a.c

«III projection

back scan

forward scan

Figure 1. Schematic view of scan concept.
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In addition, the scan mirror can be maintained
pointed to fixed positions for:
• calibration towards the moon, at angles from
nadir ranging from 65' to 85°,
• calibration towards internal sun diffuser
spectral lamp,
• direct observation of poles at about +/-
from nadir.

and

47'

3. INSTRUMENT OVERVIEW

3.1 General

Fig.2 shows a functional block diagram of GONE.
The light enters the instrument through the scan
mirror and the telescope that feeds the entrance
slit. A pre-disperser prism is used to provide a
low dispersion spectrum which is focused on a
combination of beam splitters providing the
separation in 4 spectrometric channels and in an
additional channel for polarization measurement.
Spectra are focused on Reticon arrays of 1024
pixels each, cooled at -40 'C by means of Peltier
thermoelectric coolers controlled within 1 'C.
The detectors are read-out by the detection
electronics which provides clocks and driving
signals, sets the integration times, amplifies and
A/D converts the outputs in 16 bits. The scan
mirror is actuated by means of a brushless motor
controlled by a microcontroller and an
electromagnetic resolver allowing an angular
position accuracy of 2 arcminutes.
Instrument control is provided by a control
electronics unit, based on an hybridized
microprocessor, which implements the macrocommands
received from ground and formats the data to be
transmitted.

off-axis parabola and predispersed by a quartz
prism; the low dispersion spectrum is focused on
the entrance surface of a prism, that, by means of
a combination of reflecting and transmitting
coatings, splits the light into 4 channels. Each
channel includes a collimating parabola, the
diffraction grating and a quartz objective focusing
the spectra on the detectors. Table 5 shows the
characteristics of each channel.

Channel

1

2

3

4

Spectral
range

240-295 nm

290-405 nm

400-605 nm

590-790 nm

Grating
density

3600 I/mm

2400 I/mm

1200 I/mm

1200 I/mm

Spectral
sample

0.1 nm

0.1 nm

0.2 nm

0.2 nm

Spectral
resolution

0.2 nm

0.2 nm

0.4 nm

0.4 nm

Table 5. Spectral characteristics of channels

All refractive optics are made in quartz and coated
for maximum efficiency in the UV; off-axis parabola
are made in aluminum, nickel coated and machined
with single point diamond turning technique, a post
polishing is performed to reach the surface quality
compliant with application in UV and to minimize
stray light. The gratings are flat, holographically
recorded and blazed to optimize the efficiency.
The optical design, together with appropriate
baffling, assures that at least 5Ot of the energy
coming from the entrance slit, reaches one single
pixel with a stray-light level of a few percent.
Stray light control is particularly important in
channel 2, due to the high dynamic range {about a
factor 1000) between the short and long
wavelengths.

\\»̂
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Fig.2 Functional block diagram of GOME.

3.2 Optical design

Fig.4 shows the optical layout of GOME. An
anamorphic telescope matches the required,
instantaneous field of view of 3x0.14 deg. with the
sixe of the detector pixel (2.5x0.025 mm.). After
the entrance slit, the beam is collimated by an

Table 6 shows the expected flux with respect to
wavelength and the predicted values of signal to
noise ratio. The data are based on typical values
predicted by Lowtran 7, the throughput is 1.22*10~4
cm2*sterad for channels 1 and 2, and 0.54*10-«
cm2*sterad for channels 3 and 4.
Signal to noise is limited by shot noise at long



wavelengths, while at abort wavelength it is
United by the readout noise of the analog
electronics chain. Due to the low operation
température of the detector, dark current limits
the performances only for very long integration
tines.
According to table 6, different portions of the
sane array can be set at different integration
tines: this is allowed by the use of random access
detectors.
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is braied to the rear plate; the themoelectric
cooler is a two stages Peltier, bonded to the heat
sink; the detector is bonded on the cooler with
high conductance glue. Heat is transferred fron the

DETECTOR HOUSING HEAT SINK

PCB

TWO STAOE PELTIER

Wavelength
nm

240
268
290
296
310
312
320
350
400

> 401

Flux ph/ster/
ça2 /ran/sec

1.5 x 109

6.4 x 109

5.0 x 10l°
5.0 x 1010

1.5 x 10"
1.8 x 10"
7.0 x 10"
1.3 x 10"
2.1 x 10"
2.1 x 10"

Integration
sec

30
30
30
30
1.5
1.5
1.5
1.5
1.5
1.5

S/N

14
60
400
400
4000
600
1600
2000
2100
4000

HETlCON ARRAV FtEXIBtE CONNECTION

HEAT PIPE

RADIATORRADIATI

Table 6. Expected flux and S/N ratio. Figure 7. Schematic view of the FFA.

1 Scan mrror
j 2 Telescope

3 Off-axis parabolas
8 4 Pre-disperser

5 Gratings

6 Prism separator

~7 Dichrac
S Objectives

g 9 Detectors

Figure 4. Optical layout.

3.3 Focal plane assenbly.

The focal plane assenbly is a titanium housing
provided with a quartz window in the side facing
the objective, and with a plate with the electrical
contacts in the opposite side. The housing can be
evacuated to represent flight conditions during
ground test, or filled with dry nitrogen to prevent
the detector fron contamination. A copper heat sink

hot side of the Peltier to a radiator trough a heat
pipe; which is mechanically decoupled fron the
detector housing by means of a flexible copper
braid (see figure 7).
The thermal load on the Peltier is nainly due to
radiative transfer fron the housing and the quarts
window, and to conductive transfer fron the
electrical contacts, while the detector dissipation
is negligible. The in flight température of the
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instrument is expected to vary between O 'C and
15 "C1 «t these température» the IUMIUI load is
0.3 watt. The electrical dissipation of each
cooler is expected to be, as maximum, 3 watt, so
that the radiator is designed to dissipate, with
margins, 12 watt at a température of -10'C. The
cooler can work in reverse cycle, to heat the
detector at 80 *C and provide periodic annealing.
The detector is a random access, windowleas
photodiode array aade by Reticon. The pixel size
is
0.025 •• in the dispersion direction and 2.5 ma in
cross dispersion direction. As the magnification
factor of the optical path is 0.25, it fits the
sise of the entrance slit of 0.1 by 10 un. The
pixel full well capacity ia 6*10' electrons,
allowing a wide dynamic range. The charge is
converted in a pulse signal of 2.5 V max., by a
charge amplifier, placed close to the detector,
based on a FET differential input and an
operational amplifier.

3.4 Calibration unit

The instrument is provided with a variety of in
flight calibration means, both radionetric and
spectral. In addition to the possibility to point
the noon with the scan mirror, to perform
radiometric calibration and to check the
transmittance degradation during the operational
life of 3 years, a dedicated calibration unit is
equipped with a spectral lamp and a sun diffuser.
The spectral lamp is a platinum/chromium hollow
cathode lanp, filled with neon at about 10 torr of
pressure, with a magnesium fluoride window. It
provides narrow and sufficiently strong lines in
the whole GOME spectral range. The ignition
voltage of about 200 V is provided by a dedicated
power supply. An optical system collimates the
light with the proper field of view, so that, by
setting the scan mirror at the relevant angle, the
source is imaged on the entrance slit. Sun
calibration is allowed by a sun diffuser and an

optical system which images, via the scan mirror,
the sun diffuser on the entrance slit. The diffuser
is protected against contamination by a shutter
which is opened only during calibration. The
possibility to monitor the degradation of the
diffuser is additionally offered by the design of
the optical system, in fact it is possible to light
the sun diffuser by the spectral lamp and compare
the time variation of sun spectra with that of lamp
spectra.

3.5 Mechanical configuration

Fig.8 shows the layout of the instrument. All the
units are mounted on an aluminum optical bench, 6
mn thick, stiffened by reinforcing ribs. The bench
is mounted on the outside of ERS-2, by means of 4
feet designed to decouple GOHE, both thermally and
mechanically, from the mounting panel. In the rear
of the bench, are accomodated the electrical
internal connectors, the harness and the survival
heaters with thermistors. During normal operation,
the thermal control is purely passive, provided by
proper design of thermal blankets and radiative
surfaces. Thermal control assures an uniformity of
+/- 31C of the optical bench during the orbit,
allowing a spectral stability in the order of 0.01
nm.
The mass of GOHE is 60 kg., including all
interfacing hardware; average power consumption is
45 watt. The average data rate is 42 kbit/sec.
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ABSTKACT

IASI, the Infrared Atmospheric Sounding
Tnt.erferomoter, in a CNES/ASI project for
advancing the performances of tlie sounding
mission for operational meteorology and
observing column-integrated contents of a
fow tîr I'<-M"house gases. It. is baued on a
Miohel.-.un interferometer operating in the
rt.4-lfi.fi micron spectral interval with a
résolution of 0.5 cm--l, a radiometric
fii:curar-y of 0.2 K at 280 K, IFOVs of 18 km
:;.r;.p. arranged in a 2x2 array scanning
cross- t.rack within a swath of 2230 km,
siniil.ar to the AMSF] microwave sounder for
• •M-proi't-tiairig. It embeds Ji high-resolution
irn.ig'ing channel for r;o-régi strati on with
Mi'- AVHfti»' imager. Int.erfei-ograrris will be
proi.'e.'îMfïd on board to provide the user with
9SOO chant.fl;; of unapodized spectral data.
POKM 1 is envisaged to be the first flight
opportunity for IASI.

1. INTRODUCTION

Vert. i(fil sounding" of atmospheric
ternper.ituris and humidity represents the
most, important fon1.ribut.ion of polar
sat.nl Ii ten to numerical weather prediction
(NWI'). Instruments for this purpose have
heen flown since 1969, with the Nimbus III
mission, and have progressively developed
into ope r at i on "i 1 models. The present
Bounding instrumentation, TOVS (TIROS
Operation.nl Vertical Sounder), has been
net. i Vt- since 1978 and has substantially
contributed to medium-range global-scale
HWJ1 for many years. However, with the
improved performances of numerical models
support.ed by continuously increasing
> umputer power, the impact of TOVS on the
accuracy of NWI' is now being questioned, as
it appears now limited to the Southern
hemisphere whilst, in the Northern, is
generally marginal and, in specific cases,
negative.

Improved assimilation schemes now under
development will probably enhance the
impact of sounding in the near future.
Also, an Advanced TOVS (ATOVS) is being
developed to be embarked starting with NOAA
K, sometimes in 1995. ATOV3 will include a
much advanced microwave sounder, AMSU

(Advanced Microwave Sounding Unit), which
will provide for all-weather coverage in
this troposphere and stratosphere, as well
as improved accuracy in the high
troposphere and the stratosphere. In the
troposphere, particularly in the lower
layers, however, the improvement in
accuracy will be marginal, as it depends
from the contribution of the infrared
sounder which is not going to be improved
over the present operational model (HIRS,
High resolution Infrared Sounder). Fig.1
compares the expected performance of ATOVS
(AMSU + HIRS) with TOVS.

" RMS Error 1C]

Fig.1 - Compared performance ATOVS v/s TOVS

This expectation is not very encouraging.
Most experts nowadays are convinced that,
even when ATOVS is operational and
4-dimensional assimilation models are fully
developed, the continuous progress in NWP
ability will progressively erode the
contribution of satellite sounding as
compared with the first guess provided by
the forecast models, arid ATOVS will fail to
fulfil the requirements of the year 2000
for satellite sounding.

For this reason, in the last few years
developments are taking place to provide
for advanced instruments to replace the

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany, 30 March-4 April 1992
(ESA SP-341. July 1992)
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present filter radiometers. An airborne
instrument, KIS (High resolution
Interferometer Sounder), is being flown
since over 5 years by the University of
Madison to demonstrate the advantage of
high speotral resolution on sounding
accuracy. Fig.2 compares the expected
performance of ATOVS and HIS.

' I S
ms Error [C)

Fig .2 - Compared performance ATOVS v/s HIS

It can be observed that the r.m.s. of HIS
is a half of ATOVS at. all altitudes, except
that it is a bit less in the stratosphere,
where the AMSU performance is very
acceptable. Through all the troposphere
the accuracy is better than 1 K, and
approaches 0.5 K in the lower layers, of
course if the cloud conditions eire
favourable.

The main reason why a higher speotral
resolution improves the sounding accuracy
is its effect on vsrtio^l resolution. At
the resolution of some 1% of the present
filter radiometers, over ten CO2 emission
lines are observed and averaged with their
peaks and wings, thus broadening the
thickness of the observed atmospheric
layer. If the resolution is better than
0.1%, peaks and wings can be discriminated
and the observed atmospheric layer becutnes
narrower, thus the vertical resolution is
improved. Fig.3 shows the comparative
vertical resolution of HIS versus AMSU,
HIES and VAS (the geostationary equivalent
of HIRS). It can be seen that the vertical
resolution of (IIS is improved by a factor
of two through all the troposphere and,
limited to the infrared radiometers, the
stratosphere. The expected vertical
resolution is 1 krn in the low troposphere,
2 km in the mid troposphere and 3 km in the
high troposphere and low stratosphere.

Going to higher spectral resolution the
accuracy and vertical resolution <>f
temperature and humidity sounding further
improves, but to a minor extent, such as
not to justify the effort. However, the
higher resolution is needed t.o handle
complex parts of the spectrum, such as the
4-5 micron band, where the C02 lines are
contaminated by a number of weak lines from
trace gases. The purpose is not only to
deal with C02 in this important part of the
spectrum, which is very sensitive to the

high temperature of the low troposphere;
but also to get information on the trace
gases themselves, which aro relevant to the
green-house effect and to environmental
monitoring. An atmospheric sounder with
appropriate spectral resolution and nadir
scanning capability can observe
column-integrated contents of various
speoiew such as CO, CH4 and N20, and rjome-
coarse--resolution profile of CJKOHCI.
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With the advent of larger platforms to
renew the prient génération of polar
satellite, the opportunity comes t<i develop
advanced instruments for improved
operational meteorological sounding and
monitoring of tropospheric: trac-e t;;u;es for
climatic and environmental applications.
In the USA, a grating spectrometer called
AIPS (Atmospheric Infrared Sounder) is
being developed by NASA for flight within
the EOS programme and afterward:» on the
operational NOAA operational uate.11 .i t.e;j.
Iti Europe an initiative harj been taken by
the Italian Space Agency (ASI) and l.h«
French Centre Nationale d'Etudes 3pptitles
(CNES) In develop IASI (Infrfirnd
AtMnoBpheriu Sounding Interferometer) for
flight fir.'jt within the ESA POKM 1
programme and afterwards on the operational
ELlMETSAT Polar System (EPS) The t.wo
instruments have very similar mission
specification. The t.e.-hnolngir:al approach
is different in su far as the European,
though driven by thu me.teorologica]
sounding mir;sion, >idoptr; the moi-f: flexible
solution r,f thf intr-rffrdinctfir, which

r- S-
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lunVt-;, more growth potential in the use for
cl imfit.f- and environmental applications,
whilst t.hi* American privileges the
rohusjtne!;;; rhjtrnotejriRtii'S! more tuned to
the operational applications.

?.. THE IASI MISSION OBJECTIVES
The primary objectives of IASI are:

* improved atmospheric sounding of
temper. -iturt; and humidity on a scale of 50
km; in the low troposphere the vertical
resolution should be 1 km, and the
accuracy 1 K (temperature) and 10%
(humidity) ;

* Hi'jni tor ing of column- integrated contents,
on a scale of 100 km, of the following
species: 03 (with possibly low- resolution
profile), CO, CH4 and N20; target
accuracy: 10%.

The instrument concept will allow pursuing
th>s following ancillary objectives:

t surface tempérât. ure on a 20 km scale with
accuracy of 0.5 K (sea) and 1-2 K (land);

spectral dependence of the emissivity
clouds and underlying surfaces.

of

Alt. hough there are two priority objectives,
the instrument concept is driven by the
operational temperature/humidity sounding
mission, without however attempting
optimisation in thai, direction, which would
prevent the achievement of the other
(ib.ieoti ves .

3. THE MISSION SPECIFICATIONS

In order to fulfil its objectives, IASI
w i l l extend its spectral range from 3.4
microns (CH4 band) to 15.S microns (C02
<3 hrant.li}. In wave number units, this
corresponds to the interval 645--2940 orn-1.

Thf Hpf-ctra] rf.-Kolut.iuri is 0.5 cm-1 after
rtpodiisat ion (nr 0.25 cm 1 unapotlised). If
>i "channel" is défi net! as the uriapodised
sampling element of the spectral range,
t.his iiivulvi-s about 9200 channels.

The r.'iiJiometrii- aci;uracy must-. I»- 0.2 K at
TOO K fur «pi-el.ral intf-rvals of 0.6 cm-1
width ( 1 he 0.2 K figure is generally set as
(lie limit of l.hf "spect.ro.';copic noise"

our I imiterj knowledge of
The 0.2 K accuracy at. 0.5
is mandatory at 14 microns,

to intervals of 1.0 cm- 1
5 cm -1 at 4 microns.

from
ypet't.roseopy ) .
crn I intervals
hut can be- relaxed
at O microns and 1

The rail i orne-tri c- calibration must, have an
absolute accuracy of 0.5 K at 280 K, and a
re-IaM vf accuracy (bet.ween any couple of
channels) of O. 2 K.

The spectral calibration mu si. be more
riccurate than 0.01 r:m--l (i.n. the central
waveU-nt't h of a channel must be known
within 4% of the= channel width, which is
Ci. 2.'. cm 1 ) .

Thf acatiriint,' mechanJ.'im must a l l o w easy
ref .-renoing of the IA3I IFOVu to AMSI l -A

IFOVs, thus ensuring:

* swath: 2230 km, scanned every 8 s;

* 30 dwell positions separated by 3.3 deg.,
i.e. about 45 km at s.s.p. , which is the
IFOV of AMSU-A. Referencing with AMSU-B,
which is coupled to AMSU-A, is automatic.

The IFOV must be comparable to that one of
HIRS-2, i.e. 18 km. This implies that, on
each dwell position matching the AMSU-A
IFOV, an array of 2x2 or 3x3 IASI IFOVs
must be observed in parallel.

There must be a facility to provide for
Accurate en-registration of IASI IFOVs
with AVHRR imagery. This could be a
high-resolution imaging channel embedded
into the sounder, with spectral
characteristics similar to one of the AVHRR
channels. The resolution of the re-mapped
AVHRR image into the IASI geometrical
projection must be 2 km.

4. OUTLINE OF THE IASI DESIGN

After completion of the Phase-A study, the
IASI design confirms the feasibility of all
operational specifications. A very brief
description of the instrument follows,
attempting to enlight the main elements
from the. point of view either of the
mission or of the technical solutions. The
following elements will be mentioned:

* the scanning mechanism;

* telescope and mounting;

* the interferometer ;

* t.he detector assembly;

* the on-board processing:

* the embedded imager;

* mass, volume, power, accommodation.

4.1 The scanning mechanism

Tht- scanning mirror must provide both the
cross-track variation of the instrument
pointing and the compensation of the
satellite motion during the dwell time.

. Scumble

GfMn4 apparent

. I.J4'/

Fig. 4 - IFOVs and scanning mechanism

Fig.4 shows that, in each position, the
field of view of about 45 km (the same as
AMGU-A) is analysed in parallel by 2x2
IFOVs of about 10 km diameter, 22 km
spaced. The time available for each
interft-rngram is 150 ms, during which the

'-••*!
«r
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scanning mirror moves to compensate
satellite motion. The swath is scanned by
30 steps. Of the 8 s available for each
scan, about 6 s are spent to step an dwell,
the remaining for calibration (by means of
two blackbodies ) .

The two mechanisms of cross-track scanning
and along-track motion compensation are
implemented by means of a single mirror,
which is supported by magnetic bearing
ensuring a long life time (see fig, 5).

--2SSL-.*:-. - ->,

Fig.S - Mechanism uf the Hoanning mirror

4.2 Telescope and mounting

The telescope is needed Lo rr rpf i t . f i a f i e l d
stop to l i m i t the beam divergence in the
interferometer and rtiduce t.hf* dei.Fjr-i . tcr
f i ise. It is afc-jrjf»!, with a 60 mm apnrture.
Fig. 6 ahowsi the geometry of £>-oanning
mi r ro r , t«lesorjpe cind int«rfc. jromet«r, .-is
well as the imaging device which has it.;;
own 20 mm telescope, « t i l l being fed by l.he
single scanning mir ror . The ai.:<;iir.'it.<.-
oo-registration betweeti the i/nager arid the
rounder wi ] 1 be entrusted to s of-I .ware.

S(OT

Fig.6 - Optical layout

The different elements of the instrument.
are mounted on a plate as shown in f ig .7 .

It can be observed that, after the uonnning
mirror , the imaging device and tnt*
interferometer are totally separated, each
one with its own box at id passive radiator.

Fif! 'r' • InsLrumniil mount . ing on Uce

4 .3 Tiie interferoBiet*r

The optical layuut in f i g . 6 shows that MIC-J
iritt;i fr.-rniiibtfif mak'JK UMC- nf c- 'ulu; C!iirri«-r
ref Ir tcj t r i t -H I . c i m i n i m i s e the fsatmH-) vi t .y to
t . i l t . . It. hn« a "a-.am i i i a n i . r j l . f j r of 8O mm.
TIu=- nci WfMfUiTit . of the t . -ul ie r.-ornr-jr.; (both arr-
molli I f . fur rf :dundat i i :y ) i t - i:ont.rnl 1 ed hy
ni'-anp; of ;•> l inear mut.or, thf -'i! ignnien)';
I c f î i n t i fiiffff] hy p r f . - l i ..-iflM! f ' 1 » - x n i - n j blade;;
( yt-ft f i g ' . f t ) .-ilicl mot iH cjfc-i i Icy « l<if inr- d i <»\i-.
f r o q u P i n - y .-it.alii I ; ...f.,l. A l l I . I I H H » - !iolul.i dr i i j
a fer onvisfignij in , . rr l^r- l-.c-c M I S I J P I - t;h>;
t - ' re f i f - r i bed h yrï«r l i f e I. i nwr .

Housing

Prcc^xxM Flcixural blades
Cub* corner

i l i l

Fig. 8 - Mechanism of the movititi mirror
i

<'
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The desired spectral resolution requires a
2 cm path difference. However, because of
the need for on-board processing which
requires a built-i'-' capability of phase
angle knowledge, du il-sided interferograms
will be taken, thus the path difference is
+/- 2 cm, with hardware detection of aero.

4.4 The detector assembly

In order to optimise detector efficiency,
the; output, beam from the interferometer is
split into three bands by means nf
d i ohroi us, as fo]1ows:

* band 1: 9.0-15.5 microns ( 645-1100 om-1)

* band ?.: S. O- 9.0 microns (1100-2000 cm-1)

•+ baud 3: 3.4- 5.0 mioruns (2000-2940 crn-1)

Fig. 9 shows the arrangement. of the
back-hand optics. Each beam is refocused
cm a 2x2 detector array, PV-type in bands 2
and 3, PC-type in band 1.

J.O-f^XM

F'' i C" • S Hand JJI r at, ion, deteot.or assembly

Itj uriler tu operate the detector;; at their
,-ipprnpriatf temperature and to limit, photon
noise, thF' whole box of detectors and near
iipt.icis (i-cndfinsers, filters,...) is uooled
to 100 K by means of .-ï passive radiator.

4.5 On hoard

Data rate is; a challenging problem of the
interferometer concept. Transmission of
the raw interferograrn in real time would
require a typical 15 Mbps rate, which would
severely limit the accessibility by users
tu the data. In order to be able to input
the global data in the platform's tape
recorders, and to provide direct read-out
to lot-aï usera, it is necessary to reduce
the data rate by an order of magnitude.
This is accomplished by Fourier
transforming the interferograms on-board,
making use of all housekeeping and
calibration data. After the transformation
of the interferogram into the spectral
domain, about 9200 channels are achieved,
corresponding to the unapodised spectral
resolution of 0.25 cm-1. The total data

rate is reduced to 1.5 Mbps. There will be
a test mode for transmitting a selection of
raw interferograms at regular intervals.

4.6 The embedded imager

The mission of the embedded imager is to
allow co-location of IASI sounding data
with the AVHRR-type imager embarked on the
same platform, to retrieve cloud
information to be input during the IASI
data processing. A single channel, in the
3.5-4.0 micron window, has been selected.
The imaging device observes the 50x50 km2
field of view by means of a 128x128 natrix
array of CCD's, each one with an IFOV of
400 m. Pixel will be averaged to a
convenient size for performing the
co-registration with AVHRR, aimed at
obtaining a re-mapped AVHRR multi-channel
image with a resolution of 2 km.

4.7 Mass, volume, power, accommodation

The IASI mass is estimated at present as 76
kg (55 kg optics, 21 kg ancillary). The
volume is about a half cubic meter (see
fig. 10). The need for electrical power is
estimated in 153 W (64 W for the optical
sensor, 79 for the processing).

Fig.10 - IASI volumetric aspect

The accommodation aspect is critical for
IASI, as the passive cooling requires a
nearly hemispheric view in the anti-sun
face of the platform. Fig.11 indicates a
possible allocation of IASI on the ESA
POEM-I spacecraft. It should be noted that
all other operational meteorological
instruments are supposed to be accommodated
in the same area, in view of a future
splitting of that platform section to
implement a EUMETSAT operational mission.



1202

5. PROGRAMME STATUS

The Phase-A of the IASI project was
terminated in June 1991. The results
confirm the feasibility of the instrument
and of the required performances. The O. ?.
K radiometrie accuracy is achieved on the
O. fi cm-1 interval throughout. all the
spectrum, with the exception of the 3.4-3.8
micron band.

The second part, of 1991 was devoted to the
review and solution of a number of points
left open by the Phase-A. It was
furthermore organised a user meeting in
Paris, 9-10 January 1992, to illustrate the
results of the Phase-A study to the
scientific and operational community, to
agree about the user interface ("the
unapodized calibrated spectral radianc.-es at
full resolution") and to collect ideas and
requirements for the ground segment.

The Phase-B has been initiated on 7
February 1992. It will include
pre-development of critical items and
intensive breadboarding. The ground
segment study is in Phase-A. The schedule
of the Phase C/D in compatible with a
launch in 1998 on POEM-I.

The programme management is a joint
ASI/CNES venture. A French/Italian project
team has been established, also supported
by an international team for the ground
segment aspect. An international mission
team, covering both the operational and the
scientific aspects, is also in place.
EUMETSAT has a role in supporting the
European participation in the ground
segment team and the mission team.

Kig.11 - Accommodation of IASI on POEM-I

6. CONCLUSION

The IASI project. represents a major
contribution to the progress of satellite
support to operational rnetRorology, and
might provide interesting data for climate
and environment monitoring. Advanced
analysis! methods will however have to be
developed if the full benefit of high
spectral resolution data has to be
obtained. Confirmation of the POEM-I
flight opportunity is still awaited, and is
strongly solicited by the international
community involved in operational
meteorology and atmospheric physics and
chemistry.

A

S
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1 Max-Planck-Institut fiir Aeronotnie, Katlenburg-Lindau, Germany; 2 Institut fur
Angewandte Physik, University Bern, Switzerland; 3 Naval Research Laboratory,

Washington D.C., USA; 4 Institut fur Erdfernerkundung University Bremen,
Germany

ABSTRACT

MAS is a remote sensing instrument l'or passive sounding
(limb sounding) of the Earth's atmosphere from Space Shut-
tle. Millimeterwave radiation emitted by the stratosphere
and mésosphère in the range between 10 km and 100 km
will be measured at 61, 62, 63, 183, 184, and 204 GHz with
a resolution of better than 4 km.
MAS data yield direct information about the height dis-
tribution of temperature (T), pressure (P), water vapor
(H?O), ozone (Oa), and chlorine monoxide (ClO) in the
atmosphere and mésosphère, in the latitude ranges ±74°.
MAS will be flown as part of at least the ATLAS Missions
1-3(1992-1994); ATLAS 1 is scheduled for March 23rd 1992.
Further flights on ATLAS missions 4-10 are presently under
discussion. ATLAS 1 and 2 will occur during the flight of
the Upper Atmosphere Research Satellite (UARS) and MAS
will supply important correlative data.

Keywords: Microwave spectroscopy, atmosphere, ozone de-
struction, chlorinemonoxide, Space Shuttle

1. INTRODUCTION

MAS is a remote sensing instrument for passive sounding
of the Earth's atmosphere from the NASA Space Shuttle.
Millimeter-wave radiation emitted by the atmosphere in the
height range between 10 km and 100 km will be measured
at 61, 62, 63, 183, 184. and 204 GHz. MAS will yield infor-
mation about the altitude profile of temperature (T), and
pressure (P) as well as for water vapour (t^O), ozone (Os),
and chlorine monoxide (ClO) in the stratosphere, and méso-
sphère, in the latitude range ±74° for a Shuttle mission with
57" inclination.
Based upon an invitation from the US Space Agency, NASA,
MAS will be flown as part of at least ATLAS (Atmospheric
Laboratory for Applications, and Science) missions 1, 2, and
3. The 8 day ATLAS 1 mission, is planned for March 1992.
The further missions in March 1993, and spring 1994. AT-
LAS 1, and 2 wil l occur during the planned flight of the
Upper Atmosphere Research Satellite (UARS) , and MAS
will supply important correlative data. Further flights on
ATLAS missions 4-10 are presently under discussion.
The history of MAS goes back to 1978; hardware was built
beginning in 1984. MAS was delivered to the Kennedy
Space Flight Center in March 1990 for integration into the
ATLAS 1 payload.

MAS will contribute not only new information for basic re-
search in geophysics but can also be regarded as a warning
system for important environmental problems, e.g. the man-
made (anthropogenic) destruction of the ozone layer.
The observations on board the Shuttle will be supplemented
by coincident measurements of atmospheric millimeter-wave
radiation using ground based and airborne stations.

Some technical data:

Mass :

Power
consumption :
Data rate :

203kg

430 W

86.4 KBit/s

Antenna (main reflector)
diameter: 1.0 m
Dimensions (LxWxH):
1.2Ox 1.30 x 1.70 m
Spectral resolution:
240 channels (12 Bit)

Principal Investigators

(1) G. K. Hartmann (MPAE) PI
(2) N. Kàmpfer (IAP): Co-PI
(3) P. R. Schwartz (NRL) Co-PI
(4) K. F. Kunzi (IFe University Bremen) Co-PI

Management

G. Schneppe (DARA)

Figures 1-3 give blockdiagrams of MAS. Table 1 shows the
parameters and constituents measured by MAS.

2. CONTRIBUTIONS

Hardware and software contributors in addition to the PI
institutes:
Dornier System GmbH (DS), Friedrichshafen, FRG
Institut fiir Datenverarbeitungsanlagen (IDA),
Universitàt Braunschweig, FRG
Messerschmitt-Bôlkow-Blohm (MBB), Munchen; FRG
Pennsylvania State University (PSU), University Park,
PA, USA
Physikalisches Institut der Universitàt Bern, Switzerland
Physikalisch Technische Studien GmbH (PTS),
Freiburg, FRG

4
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Table 1: Parameters and constituents measured by MAS

Frequency
(GHz] '

Range 1:
61.15]
62.998
63.569

Range 2:
183.310
184.378

Range 3:
204.352

Parameter &•
Constituents

kin. tempérât,
pressure 1
pressure 2

Water vapour
Ozone

Chlorine monoxide

Height Range
[km]

20-100
35-70
35-70

20-90
20-90

30-45

Retrieval
Accuracy

2° K
0.01 * p(z)
0.01 * P ( Z )

2 * IQ-7 VMR(z)
2 * lO'7 V M R ( z )

2 * 1 0 - ' 0 V M R ( Z )

Required
Integration

Time [s]

10
2
2

100
o

100
X): Volume Mixing Ratio at height z

MAS Co-Investigators

1. DLR: Schmidt. E.
2. IAP: AelJig, Ch.; Amaclier. VV.: Schanda, E.
3. IFE: Langen. J.
4. ITS/NTIA: Liebe, H.J.
5. MPAE: Degenhardt, W.; Hartogh. P.; Keppler,

E.; Loidl, A.; Puliafito. E.; Richards, M.; Umlauft,
G.; V'asyliunas. V.: Zwick. R.

6. NRL: Bevilacqua. R.; Pauls. T.: Walt man. B.
7. PSU: Croskey. C.: Haie. L.: Olivero. J.
8. RAL: Gibbins. C.J.
9. Universitât KoIn: Ebel, A.

10. Univers i ty of Arizona: Twomey. S.A.

a. SCIENTIFIC1 RATIONAL!-:

The ATLAS missions will investigate the physical processes
that define the mean state and variability of (he middle at-
mosphere. In particular, it will investigate the way in which
these processes are modified by anthropogenic effects and
solar variability, and how such changes might influence the
biosphere below.

Nearly twenty years ago theories first began to emerge link-
ing the release to chlorine and nitrogen compounds into the
atmosphere as a result of human ac t iv i ty wi th the depletion
of the vi tal ly important ozone layer. The discovery of the
Antarctic ozone hole and subsequent research has verified
that this depletion can in fact occur at least on commenta i
space-scales. Recent analysis of NASA TOMS (Total Ozone
Mapping Spectrometer) trends in total ozone over the pe-
riod 1979 to 1989 indicate widespread ozone depletion larger
than that expected from photochemical model calculations,
with values exceeding 1CJ/year over a large part of the high
latitude southern hemisphere. In addition, recent SAGE
II (Stratospheric Aerosol and CiAS Experiment) ozone pro-
file measurements indicate that this depletion is occurring
mainly in the lower stratosphere, not in the upper strato-
sphere as predicted for gas phase chlorine-catalyzed ozone
destruction. There is an uigent need to develop accurate
ozone depletion projections based on chlorine release sce-
narios to serve as a basis for the formulation of public pol-
icy. However, current photochemical models have not been
successful in reproducing the current global distribution and
the observed pattern of ozone depletion. Thus, there is lit-
tle confidence in future trend predictions. Improvements in

current models are severely hampered by the lack of mea-
surements of atmospheric trace constituents which interact
photochemically with ozone and, thereby, control its abun-
dance. These measurements must be of sufficiently long
duration to separate the anthropogenic changes from solar
variability induced changes.

The need to obtain a more refined understanding of ozone
photochemistry and its variability has been made more acute
by the realization of the linking between ozone depletion and
the global warming problem. The observed secular increases
in the abundances of trace gases which are important in the
ozone depletion problem (chlorfluorocarbons, methane, ni-
trous oxide, etc.) are infrared active and. thereby, have
direct implications for the earth's radiative balance through
the greenhouse effect. Greenhouse warming of the surface is
expected to be accompanied by cooling of the middle atmo-
sphere of greater amplitude than the surface heating. (MAS
as part of the ATLAS core payload will contribute essential
data to this scientific rationale.)
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MOMS-02P, A MODULAR OPTICAL SYSTEM FOR EARTH LAND COVER OBSERVATION
IN THE MULTISENSOR ENVIRONMENT OF THE PRIRODA/MIR MISSION

Johann Bodechtel

AGF - Remote Sensing Working Group
at the Institute for General and Applied Geology, Univ. Munich

ABSTRACT

1

The Modular Optoelectronic Multispectral Stereoscanner
MOMS-02 is taken into consideration for a preoperational long-
term mission on the Russian research module PRIRODA after
its operation on the experimental 2. German Spacelab mission
D2 in Jan. 1993.

Keywords: Earth observation, optical CCD scanner, in-track ste-
reo, multisensor data acquisition

OVERVIEW

PRIRODA will be docked on the CIS MIR space platform in
April 1993 for a lifetime of appr. 4 years. Therefore, the DARA,
funding agency of the MOMS development, has contracted se-
lected German Remote Sensing research laboratories and state
authorities -'i».h a scientific feasibility study for the accommo-
dation of lviOMS-02 on PRIRODA in 1994.

MOMS-02 is an optical muhispectral three-line scanner, which
will be flown early 1992 on board the American Space Shuttle
during the Second German Spacelab Mission D2 (for instrument
specifications see seperate article, BODECHTEL & JUTZ,
ISY'92 Central Symposium). MOMS-02 acquires data in the
VIS and NIR range and provides along-track stereo acquisition
capability through off-nadir and nadir looking optics. It is pro-
posed to operate MOMS on PRIRODA in 3 different modes:
a) full stereo mode with panchromatic, high-resolution na-

dir-looking and two tilted along-track looking bands
b) full multispectral mode with 4 bands
c) combined high-resolution and multispectral bands

The data will be used for a broad range of geoscientific objec-
tives and enable the combination of thematic and topographic
information within one single system.

SCIENTIFIC OBJECTIVES

The outstanding highlights of the mission are the following:

Optical and microwave instruments on one single
platform
Multiresolution acquisition
Multispectral acquisition
Stereo (DTM) by along-track three-line imaging
Simultaneous multisensor acquisition
Extrem high ground resolution of 5 m
Extrem high elevation accuracy of derived DTM1S of
Sm

* Narrow bandwidth of 35 - 65 nm (compare TM and
SPOT)

* Global data assessment of regions from +•/- 51.6" lati-
tude, including the largest part of Middle Europe

The simultaneous multisensor data acquisition of the multireso-
lution and mulitspectral PRIRODA instruments will open new
possiblities for a broad evaluation of spectral signatures with
respect to vegetation studies and under geological and ecologi-
cal aspects. The scientific objectives aim at the enhanced the-
matic mapping of natural surfaces such as vegetation, pedology
and lithology. Multitemporal datasets will be investigated to-
wards their suitability for ecological monitoring of dynamic
processes on Earth.

Multitemporal applications will be:
* monitoring and controlling of set aside areas in sufficient

resolution for land-registers (MARS project, EEA)
* monitoring of soil contamination
* cvop-yield estimation
* land-use change detection
* natural risk assessment and monitoring by integration of

topographic and thematic information (STEREO + MS),
e.g. high-water modelling, surveillance of disaster areas
(flood control), erosional risks

* monitoring of urban developments, increase of sealed
surfaces

Data of the various optical instruments of PRIRODA such as the
Modular Optoelectronic Scanner MOS, whose data can be used
for the atmospheric correction of MOMS-02 data, and the Rus-
sian broadband multispectral scanners MSU-SK and MSU-E
with different spectral band positions will be compared to the
high spectral resolving capabilities of MOMS-02 and enable
studies for the band definition of future multispectral scanners.
Besides these optical sensors a Radar instrument called TRA-
VERS will be of special interest for the geoscientific commu-
nity, Methodical approches for the integration of the mul-
tispectral three-line scanner data of MOMS-02 and Radar data
have to be evaluated.

V»1
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Some MOMS/RADAR multisensor applications are summarized
in the following:
* improved structural and stratigraphie analyses in geo-

logy, detection of underground structures covered by
soils and vegetation

* assessment of additional physical parameters (water
content, surface roughness)

* detection of vegetation stress and differentiation of ve-
getation types

* detection of water contaminations (algae, oil slicks)

Proposed MOMS-02P test sites for pilot studies and thematic
topics are shown in Fig.l (see also Fig.4 in BODECHTEL &
JUTZ, Central Symposium).

In the proposed configuration, the PRIRODA/MIR platform will
be an ideal test facility for optical and microwave instrumenta-
tion for a future European polar platform.

Fig.l:

TESTSITES
PILOT STUDIES FOR THE MOMS-02P MISSION

OF THE UNIVERSITYOFMUNICH

MUNICH AND SURROUNDINGS
NORTHERN ALPS AND
FOOTHILLS

Urban development
Natural risks detection
High-water modelling

ZIMBABWE-EASTAFRICAN RIFT-
RED SEA-SINAI-
JORDANGRABEN:
TANZANIA/KENYA/ETmOPIA
EGYPT/EASTERN DESERT/YEMEN/
SAUDIARABIA

1

MALI

Stratigraphie and tectonic mapping
Geomorphology, DTM modeling,
Hydrology
Spectra] signature analyses
Mineral prospection
Pedology and land-use assessment
Vegetation status and changes

Ecological studies:
Desertification
Land-use mapping
Winderosion- and soildegradation-
Risk mapping

CHINA/YELLOW RIVER

Ecological studies:
Land—use mapping
Drainage pattern, sedimenttransport
Natural hazards (inundation)

NW-AUSTRALIA:

PERU, CHILE
PATAGONIA

1"
Ff

Geologic mapping
mineral prospection

Coastal environment, natural risks,
geologic mapping

<©>AGF
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X-EOS, A MULTI-MODE X-BAND SYNTHETIC APERTURE RADAR FOR EOS SAR

Herwig O'ttl* and Manfred Wahl**

* Institut fur Hochfrequenztechnik, DLR/Oberpfaffenhofen;
** DARA, Bonn

Abstract

Polarimetric multifrequency SAR systems will play
an important role in investigating global phenomena
such as the carbon cycle, hydrological cycle, cli-
mate and geological processes, as well as ocean
circulation and air-sea interactions. Based on user
requirements for image performance and rapid change
of operational modes, a concept is proposed which
involves active phased array antennas for L-, C-
and X-band. This SAR system will offer immediate
switching of parameters, e.g. incidence angle, se-
lection of swath width and geometric resolution.
The antennas will use transmit/receive modules emp-
loying GaAs technology. The latter are designed as
Monolithic Microwave Integrated Circuits (MMICs).
While NASA/JPL are proceeding with studies on the
satellite platform and L-band and C-band SAR
systems, Germany has been invited to participate with
an X-band SAR. In the presentation, the interdepen-
dence of system parameters, the major operational
modes, and some technological aspects will be des-
cribed for the X-band SAR.

I. Introduction

Global surveillance of our planet in order to a
chieve a better understanding of the system Earth is
a key research objective in the next decade.

Referring to this goal, NASA/JPL considered various
sensor combinations for payloads of polar plat-
forms. During the system studies, a separate multi-
frequency SAR satellite emerged as the preferred
solution for active microwave imaging. Such a sat-
ellite is proposed for a near-polar orbit of ap-
proximately 600 km altitude and will therefore have
improved SAR performance in comparison with polar
platforms at altitudes above 800 km. Furthermore,
mission planning will not be hindered by other sen-
sors - nearly all of the satellite resources will be
available for the SAR system, which normally makes
heavy demands on satellite space, power, and data
rate.

Intended scientific goals have been published in
the Science Plans (Réf. 1, Réf. 2) of the precurser
missions SIR-C/X-SAR (Shuttle Radar Lab) to be
launched in 1993, 1994, and 1996. These one-week
missions should be flown in different seasons and
should also serve to research global aspects of the
Earth's carbon cycle, hydrological cycle, climatic
and geological processes, as well as ocean circula-
tion and air-sea interactions. Naturally, technolo-
gical experiments will also be performed.

2. Scientific Goals

The interdisciplinary approach is nicely presented
in the Instrument Panel Report of EOS-SAR (Réf. 3).
This report highlights under science issues the in-
terdependence of SAR to other disciplines (Earth
sciences) and also describes the usefulness of ad-
ditional data from sensors outside the microwave
bands.

A brief description of some scientific goals is
given below. The intent is to perform long-term moni-
toring (15 years or more) for change detection.

2.1. Global Carbon Cycle

Multifrequency SAR systems are well suited to cover
the extent of wetlands and their global distribu-
tion. Furthermore, forest distribution and compo-
sition, as well as tree-stand conditions, can be
measured and distinguished by multifrequency, mul-
tipolarization SAR systems.

Therefore, models for the above-ground biomass can
be derived on the basis of such data. Changes due
to seasonal phenomena, harvest, cutting, and bur-
ning can be monitored. As a result, it should be
possible to estimate the biomass-related cycles of
carbon dioxide absorption and production.

2.2. Hydrologie Cycle

Due to its sensitivity to soil moisture (L-band)
and biomass water content (X-band, C-band), it
should be possible to provide data about seasonal
changes of:

- soil moisture (evaporation rates);
- wetland ecosystems;
- properties of snow cover and glaciers, including
melt rate and distribution of snow contained
in mountain drainage systems;

- presence of floodwater and its spatial distribution;
- the spatial distribution of liquid water and ice

in clouds as well as rainfall intensity measure-
ments .

2.3. Climatic and Geological Processes

SAR data show a dependence on slope, surface rough-
ness, dielectric constant, soil moisture, etc. Pen-
etration capability depends primarily on dryness of
nonconducting material (e.g. sand in desert
regions), wavelength, and illumination geometry
(incidence angle).

Therefore, multifrequency, polarimetric SAR systems

t
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provide images and data tor observations in the
fields of:

- soil erosion, transportation, and deposition;
- volcano tectonic history and distribution of

volcanic materials;
- changes in modern and ice-age snow-line altitu-
des and gradients, and associated changes in at-
mospheric circulation;

- old drainage systems below desert sand;
- large-scale interactions between tectonic and
climatic processes;

- terrain accretion and strike-slip reorganiza-
tion in crustal evolution.

2.4. Ocean Circulation and Air-Sea Interactions

One important purpose of the Shuttle Radar Lab mis-
sions is to model the surface-wave imaging mecha-
nisms of true hydromechanic waves. Parameters on
the radar side are frequency, polarization, and il-
lumination geometry, and on the sea itself, the
wave form, its pattern, currents, etc.

Based on such models, EOS-SAR should be capable of:

- measuring the directional wave energy transport
across the circumpolar route;

- determining the mesoscale velocity structure of
surface currents;

- detecting pollution, such as oil slicks;
- monitoring changes in coastal regions and bottom
topography in shallow waters.

2.5. Further Science Planning

The selected science team for EOS-SAR has studied
and is still studying the various scientific as-
pects of Earth Sciences in order to recommend the
minimum SAR requirements needed to achieve the
above-mentioned scientific goals. In parallel,
system engineers are working to meet the require-
ment for low system costs (shrinking satellite
size and weight) while maintaining good system
performance.

3. System Considerations

In the past 3 years sensor parameters for orbits of
700 km (Réf. 4) and 620 km (Réf. 5) have been con-
sidered. Baselines included different launchers and
...fferent satellite classes for the two cases;
space for sufficient antenna area was a problem for
both of the two configurations.

Principal relationships between sensor parameters
for an X-band SAR are shown below.

It is well known, that the minimum antenna area
needed is proportional to the flight altitude,
flight velocity and wavelength, and also increases
as a function of increasing off nadir angle.

Fig. 1 shows the relation between size of an X-band
antenna and satellite altitude. It should be noted
that these curves are designed to avoid range ambi-
guities within the main beam.

Choosing an X-band antenna length of 12 m and an
orbit altitude of about 620 km requires an antenna
width of roughly 0.44 m for off-nadir angles up to
45°.

Azimuth (along track) resolution for single-look
images is roughly proportional to half of the an-
tenna length. Therefore, depending on the azimuth
resolution selected, the maximum swath width is
shown (fig. 2) for some incidence angles.

The link between swath width and azimuth resolution
is the pulse repetition frequency (PRF), which must
be higher than the doppler frequency within the
footprint of the actual antenna selected. Improving
the azimuth resolution requires a higher PRF. The
swath width must not be hit by 2 subsequent pulses
at the same time due to range ambiguities. There-
fore, a high azimuth resolution results in a
narrow swath width.

Data rate storage, transmission, and image pro-
cessing are still problem areas. For data storage,
tape recorders for data rates <200 Mbit/s will be
available. Transmission via geostationary
satellites such as TDRSS is bandwidth-limited
(<300 MHz).
Realtime processing is still difficult to achieve.
For example, in most PAF's (processing and
archiving facilities) for ERS-I, image processing
is two orders of magnitude slower than the imaging
speed of the satellite.
Therefore, one should carefully consider any demand
for high spatial resolution. Fig. 3 demonstrates
how quickly data rate increases with increased
resolution (in azimuth and range).

3.1 Parameters for X-EOS

Presently, a near-polar orbit of about 620 km alti-
tude is the baseline for the EOS-SAR and X-EOS.

A case study was performed which shows possible key
parameters for X-EOS. Results of this study are
shown below. Depending on final satellite configu-
ration and implementation of EOS-SAR science team
requests, these parameters might be modified.

Assuming an active phased array of 12 m length and
0.44 m width, using stacked waveguides for dual po-
larization and MMIC transmit/receive modules using
GaAs-Technology, the following key parameters can
be derived:

Frequency:
Polarization:
Elevation off-nadir
angle range:
Azimuth squint
angle range:
PRF:
Pulse length:
Chirp band width:
Data rate:
Quantization:

9.6 GHz
W and HH

15° - 45°

+ 1°
1440 - 2000 Hz
32 MS
1 to 21 MHz
45 to 90 Mbit/s
5 bit I, 5 bit Q

Geometric resolution (4 look image)
<25 m
<25 m

in range:
in Azimuth

Radiometric resolution: 2 to 2,2 dB

The technical values have been computed by
K.H. Zeller (Réf. 6) for one polarization
channel.

The antenna wave guides should be 25 cm long, re-
sulting in 912 T/R modules for one polarization.
Output power should be about 3 - 4 W per module.
For performance improvement, the polarization
switch for W and HH operation will be placed on
the low power-portion of each T/R module.
This means the number of MMIC's will actually be
doubled; each waveguide for HH or W polarization
will be connected via a circulator to a transmit or
receive MMIC.

Assuming an overall power efficiency of 6 %; a 2 dB
noise figure for the receiver; and losses in the
antenna, circulator, and feed lines of about
1.7 dB, leads to the performance indicated in figs.
4 and 5.

1
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Fig. 4: Noise floor of simulated X-EOS in reference to backacatter coefficients of dry
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The strong-lined curve at the bottom of the figures
represents the noise floor of the simulated sensor
system. Noise floor is reached, if system noise is
equal to measured a". Tho hatched areas above the
noise floor show representative backscatter values
for a°; the hatched areas and the associated per-
centages shown in figs. 4 and 5 have been derived
from Réf. 7.

The good S/N between the noise floor and the
hatched areas showing measured backscatter
coefficients is the reason for the radiometric
resolution of about 2 dB for a 4-look image (see
fig. 6/.

3.2 Azimuth Look Steering Mode

The active phased array foreseen for X-EOS will
have a beam steering capability of ± 23° in
elevation and _» 1° in azimuth. Most~likely the
antenna plane will be mounted in a fixed position
and boresighted (scan angle = 0°) at a 36° off-
r.ddir angle. The full scanning capability will be
jsed to reach near range. Therefore,the far range
will ::.ly slightly suffer under gain reductions due
tc scanning.

:-':: quite high resolution, a "spot light" mode is
pcssicle. This mode requires a continuous beam
steering (phase switching) during the flight in
craer to keep the ground "spot" illuminated. The
advantage of this is very high resolution for a
single-.or* image. Disadvantages are the required
h:gn rescl-tion ir. range (date rate!) to achieve
the desired resolution in both directions, the lost
t:~e djrir.g phase switching (no data takes), and
tr.e complex inage processing.

Another scheme which results in high resolution,
-jlti-lcDk images is the Azimuth Look Steering Mode
IRefs. 4 and 5). The area of interest is illu-
minated several times by switching the antenna beam
backwards after each full synthetic aperture length
scan tc re-scan the desired area, etc. Basically,
the T.ultiicok along track resolution corresponds to
tr.e single-look resolution of the strip-SAR mode.

The time spent illuminating an area of interest mo-
re than once, of course causes loss of data take
opportunities shortly before and after the "spot".

It should be noted that the maximum spot size which
can be imaged by SAR is frequency dependent (and
also dependent on off-nadir angle and on orbit
altitude).
The reason for this phenomenon (Fig. 7) is that the
antenna footprint decreases in size in the along-
track direction proportionally to the wavelength.

3.3 Scan-SAR-Mode

The .Tiost elegant nethod for surveying a wide swath
would be beamshaping in such a fashion, that the
antenna beam would be increased in elevation
(range) and decreased in Azimuth. While increasing
the elevation beam width can be achieved by
changing the phase distribution across the aper-
ture a decrease of the Azimuth beam width requires
a longer antenna. For cost reasons such a design
is usually not being chosen.

Alternatively, the scan-SAR method has been inven-
ted. It divides the synthetic aperture into approxi-
mately equal parts (for example 4) and covers for
each synthetic sub-aperture an adjacent strip,
resulting in a (4 time wider swath. This means, (in
this example) after each fourth of the synthetic
aperture, the beam will be switched to the next

adjacent strip. The along track resolution would be
(4 times) worsen. The range resolution will not be
affected by beam switching. In order to keep the
resolution cells approximately square, the chirp
band width could be divided for multi look pro-
cessing.

4. Conclusion

A case study for X-EOS has been presented with the
intend to show the interdependence of the various
SAR parameters. The computed parameters shown are
not the final ones; surely, scientific damands and
satellit design as well as the launcher to be cho-
sen will have impacts on the selection. For in-
stance, the expected S/N (Fig. 4 and 5) would allow
the operation at higher spatial resolutions too
(e. g. chirp bandwidth 40 - 50 Mbit/s.

Acknowledgement : The authors appreciate the com-
putations performed by Mr. K. H. Zeller and like to
express their gratitude.

15 20

Fig. 6: Improvement of radiometric resolution prad
to the increase of number of looks (NL).
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Fig.7: Antenna Footprint (illuminated spot)
decreases with wavelength.
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ABSTRACT

X-SAR is a Shuttle-borne imaging
Synthetic Aperture Radar (SAR) operating
in X-Band (9.6 GHz). It is being
developed and operated in a joint venture
between Germany and Italy. Integrated
together with the L-band (1.25 GHz) and
C-band (5.3 GHz) Radar SIR-C of NASA/JPL,
X-SAR will become part of a
multifrequency/multipclarization SAR
Facility, called Shuttle Radar Lab (SRL).
SRL will be operated for approx. 50 hrs.
during eaeh of the envisaged flights. The
first 9-days mission is scheduled for
September 30, '93, the second one for
December '94 and the third one for
spring '96; the flight sequence allows
monitoring of seasonable changes.

Keywords: Earth Observation from Space,
Synthetic Aperture Radar, X-SAR

1. INTRODUCTION

X-SAR is a major joint venture between
Germany and Italy in the field of Earth
Observation from space. It essentially
contributes to the development of high
technology in German and Italian Space
industries. Integrated together with the
NASA/JPL L- and C-band Radar SIR-C, X-SAR
will become part of the Shuttle Radar Lab
(SRL). SRL will be the first multi-fre-
quency, muitipolarization and multiple-
incidence angle Synthetic Aperture Radar
(SAR) flown in space. (Refs. 1-5)
SRL will be operated for approx. 50 hrs.
during each of the envisaged 9-days STS
flights; the first one is scheduled for
end of September '93 and the reflights
will be performed at the time intervals
allowing monitoring of seasonal changes.
SRL will extend our knowledge of the con-
ditions and dynamic processes on the
Earth surface and contribute to a more
precise and more reliable recording and
monitoring of the renewable and non-re-
newable resources of our planet Earth.
Furthermore, SRL will smooth the path to
deploy - in the framework of an interna-
tional cooperation - a future generation
(pre-operational) multifrequency SAR
Facility to be flown on polar-orbiting
systems.

2. EXPLOITATION OF MULTIFREQUENCY

SAR DATA

Because of the strong frequency
dependence of the dielectricity constant
£., the conductivity 0£ and the interaction
with surface roughness, multifrequency
SAR systems achieve increasing importance
for geoscientic application. Taking into
account ionospheric and atmospheric
effects as well as actually accessible
technology, SIR-C/X-SAR covers the whole
range of Radar frequencies available for
remote sensing from space.

2.1 Calibration

The full scientific potential of an
imaging radar is realized when the
processed images are based on
radiometrically calibrated data (Réf. 6).
Both, relative and absolute calibration
are important tasks for a quantitative
use of SAR data. Internal and external
procedures have to be used for relative
calibration while absolute calibration
requires external calibrators. This can
be accomplished by means of passive or
active point targets of known scattering
properties.

2.2 Geoscientific Applications

The extraction of geophysical parameters
from SAR data requires the use of
physical and/or statistical models and
can take great advantage of different
penetration of electromagnetic waves at
different frequencies und polarization
(Refs. 7, 8). The two fundamental
physical processes involved are the
surface and volume scattering, which
usually have a different weight depending
on the nature of the observed medium and
on the SAR wavelength. The short X-band
wavelength radiation is mainly scattered
by a thin surface layer of soil or
vegetation, whilst the longer L-band
wavelength radiation can penetrate
vegetation and soil as well as snow and
ice. The ^ackscattered echo is then able
to give information on the surface layers
(Fig. 1).

Proceedings at the Central Symposium ot the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341. July 1992).



_/„.„

1216

VtOIAIiOM

t

CIACIiR
ICE

Figure 1 : Principal of Multifrequency
Radar Response to Earth Targets

As an example (Réf. 4) the usefulness of
multifreguency SAR observations for the
study of hydrological processes is given:

An improved understanding of the
hydrological cycle requires measurements
of the processes of precipitation,
evaporation, evapotranspiration and
runoff on a global and regional scale. To
meet this objective, a quantification of
water storage (soil moisture, surface and
ground water, snow cover) and water
fluxes (redistribution of precipitations
as evapotranspiration and runoff) is
necessary.
L-band (and also C-band to a certain
extend) radar echoes are sensitive to
soil moisture content, although the
response is also affected by other
parameters such as surface roughness,
slope and vegetation cover. On the other
hand X-band images are particularly
sensitive to vegetation biomass and snow
cover. Thus calibrated time series of
polimetric L-, C- und X-band data can
provide a unique information on
fundamental hydrological parameters. On
the other hand the success of
multifrequency SAR images in quantifying
hydrological processes depends critically
on the accuracy achievable in the
measurements of the above mentioned basic
parameters. Key factors for achieving the
goal are the availability of good quality
calibrated images and reliable physical
models relating the SAR backscatter
coefficient to the geophysical
parameters.

The applications of multi-frequency SAR
data in many geoscience disciplines is
well documented in literature (Réf. 9);
certainly, the existing list of
applications will essentially be extended
resp. reworked as outcome from the SIR-
C/X-SAR missions.

3. SPACE SEGMENT

The X-SAR Space Segment (Réf. 2, 3)
consists of the following ' two main
subsystems :

o Instrument Electronics including
interfaces to SIR-C and Shuttle and
being mounted on the Shuttle Pallet

o Mechanically tiltable Antenna being
attached by hinges to the fixed L-
and C-band Antennae of SIR-C which
will be pointed by electronic beam
steering.

o Receive and transmit Waveguide as
connecting link between the
Instrument Electronics and the
Antenna.

The X-SAR Antenna is a planar slotted
waveguide array of 12m x 40cm total
aperture dimension. It consists of the
three leaves, each subdivided into four
subpanels. Each subpanel consists of 14
resonant waveguides with 42 displaced
slots. The X-SAR Antenna is manufactured
from carbon fibre reinforced plastics in
order to survive the extreme
environmental conditions (loads,
temperature) expected during the missions
and to achieve a stable phase and
amplitude performance during the data
takes. All waveguides are silver coated
inside as well as on the radiating
surface. The high accuracy which is
requested in X-band for the coupling
slots of the feeding network has been
achieved by inserting adjustable metallic
plates in the waveguide couplers. Based
on the acceptance testing of each of the
three leaves the X-SAR Antenna beamwidth
has been measured to be 5.5 degrees in
elevation and 0.14 degrees in azimuth
with an overall gain of 44.5 dBi, in
accordance with the requirements. In
order to achieve the required sidelobe
reduction the antenna is tapered in
elevation. The performance will depend to
a large extend on the flatness and
alignment of the antenna truss.

The Instrument Electronics consists of
three subsystems:

Figure 2: X-SAR Space Segment Block
Diagram
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o Radio Frequency Electronics (RFE)
which generates the 10 MHz resp.
20 MHz bandwidth low power RF chirp
pulse of 40 usée by using Surface
Acoustic Wave (SAW) devices;
furthermore, the RFE preamplifies
and downconverts the received radar
echoes and performs the I- and Q-
signal detection.

o High Power Amplifier (HPA) which
amplifies the RF chirp pulse
generated in the RFE to the required
high power level of 3.3 kW by using
a Travelling Wave Tube.

o Data & Control Electronics (DCE)
which is the core subsystem for
monitoring and controlling X-SAR
during operation in its autonomous
resp. synchronous mode together with
SIR-C; it further converts and
formats the analog data coming from
the RFE into a continuous digital
data stream routed to one of the
three onboard high rate recorders
provided by SIR-C; it is also
possible to route it via TDRSS to
the ground for realtime data quality
monitoring.

A calibration loop is incorporated in the
X-SAR Instrument Electronics which allows
testing of both the receive and the
transmit path with a chirp signal before
and after each data take.

The X-SAR Space Segment is in its final
stage of development; after acceptance
testing on system level the flight
hardware including the associated
equipment as well as flight spares will
be shipped in autumn 1992 to the US for
further integration and testing with SIR-
C.

Table 1 contains the main parameters
determining Image Quality as derived from
the X--SAR qualification test programme.

L

PARAMETER 20°

• Point Target
Rang* - Slant Huokitton (m)

-ISLR (dB) 121
-PSLR (dB) 21.9

Azlmutt) - Ground Rankition (m) 27.5
-ISLR (dB) 15.47
-PSLR (dB) 21.9

• OMribuM Target
Ambiguity Ratto (dB) 19.4
Image Signal» NolaiRBtio (dB) 8.7
RadiomMricRaiolulion (dB) 2.1
Dynamic Range (dB) 32.9

• Swath WkWl (km) 30.4

50° REO.

9.6(F) 18.0(C) <20(C) <10(F)|
12.2

21.9

27.4

1H.5

21.9

19.4

7.7
2.1

36.8

32.0

>11

>20
<30
>11
>20

>18

<2.75
>20
>15

f-g»»"!'""""

Table 1 : X-SAR Image Performance

4. MISSION PLANNING AND OPERATIONS

For both mission planning and mission
operations key equipment will be the
Mission Planning and Operations System
(MPOS). It consists of the following
major elements (fig. 3):

Planning and Analysis System (PAS)
which fulfils two important
functions. It is firstly a
comprehensive mission timelining
system which will be used prior to
the mission to plan the complete
sequence of mission events; during
the mission, it will be used to
update this sequence according to
the latest available information. It
is secondly a powerful tool for
analysing data take information und
deriving corrections to radar
settings in realtime.
The PAS will have read-access to
SIR-C data tables, enabling the
compilation of the joint SIR-C/X-SAR
mission timeline.

Telemetry System (TS) which will
decode and display the X-SAR S-band
telemetry data providing information
on the status of the on-board
subsystems, the running data take,
the radar echo and uplinked
commands.

Command System (CS) which will be
used to transmit individual commands
or series of commands to the Mission
Control Center (MCC) for up-link to
the on-board instrument; during
standard operations, the CS will
regularly uplink sequential portions
of the X-SAR Command Plan to the
16kByte on-board DCE RAH; additional
commanding will be required in
response to replanning or
contingency operations requiring
real-time changes. In the
synchronous mode X-SAR and SIR-C
commands will be output on to a
single queue for transmission to
MCC.

Figure 3: MPOS Mission Configuration
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o SAR Processing System (SPS) which
permits real-time mono- or multi-
look processing of the downlinked
Raw High Rate Data (45 Mbps); the
quicklook processed images will
primarily be used as a powerful tool
for optimizing data take parameter
setting; besides the basic
application the SPS provides
auxiliary tools for the monitoring
of the health status of all the
devices involved in the acquisition
chain.

The SIR-C and X-SAR scientists selected
more than 400 sites on Earth which should
be imaged by varying conditions or at
least once during the 9-days shuttle
mission. Some of them (17 at the moment)
are defined as "Super Sites". The
definition gives high priority to the
super sites as compared to the remaining

The shuttle orbit constraints and the
steerable radar antenna show that in
principle about 6000 Data Take
Opportunities (DTO's) exist to image
these more than 400 sites. Taking into
account the shuttle constraints and its
resources only 600 DTO's out of
6000 DTO's can be selected for imaging. A
careful pre-mission planning and
selection is required.

From the past experience with shuttle
flights it must be assumed that a big
amount of replanning is required during
the mission. The selection must be
performed in a very short time period due
to the fact that the mission duration is
limited to 9-days only and that the
science data return should be maximized.
Therefore X-SAR will use a computer-
assisted Data Take Selection tool.

5. OFF-LINE SAR PROCESSING SYSTEMS

5.1 Survey Processing

In order to efficiently handle the huge
amount of X-SAR data acquired during each
mission (~1013 bit) all X-SAR science raw
data will first be pre-processed by means
of a fast Survey Processor being built
and operated in Italy. The survey
products will enable the SIR-C/X-SAR
Principal Investigators to select those
data (about 10%) which have to be
precise-processed to allow scientific
analyses in accordance with their
experiment proposal.

5.2 Precise Off-Line Processing

The precise off-line SAR data processing
is a task equally shared between Germany
and Italy; each party will develop and
operate a separate X-SAR Processing &
Archieving Facility (PAF) which will make
use to a large extend of the ERS-I PAF's
being developed in both countries.
The configuration of the DLR X-SAR PAF is
given in fig. 3, with the X-SAR Processor
System XPS being a completely new

development needed to comply with the
peculiar requirements and constraints of
Shuttle and SIR-C/X-SAR in terms of

o data throughput
o high Radar frequency
o attitude uncertainties/errors
o variety of operational modes
o range of Doppler frequency.

I >eOC«t
JlMMMM

CMS

«»•»

non»

«MM» g

WMM

•••ta B

* MMUMT"

XPS

GEOS

PQS

AOO

AiChKn

Figure 4: Coniiguration of German (DLR)
X-SAR PAF

Quantity and format of the different data
products are being harmonized with
NASA/JPL to ease comparative, quantitive
analyses of the X-SAR and SIR-C data.

So far the following products are
specified:

o Standard Products
+ MGD = Multi-Look, Ground Range,

Detected
+ SSC = Single Look, Slant Range,

Complex

o Geocoded Products
+ GEC = Ellipsoid Corrected
+ GTC = Terrain Corrected
+ GMQ = Map Quadrants

o Special Products
+ GIM = Incidence Angle Mask
+ GTV = Terrain Corrected View

Based on the Calibration Plan which is
being established in a joint SIR-C/X-SAR
effort until mid 1992 the implementation
of algorithms for generating calibrated
daca products will be pursued.

6. AIRBORNE MULTIFREQUENCY SAR CAMPAIGNS

In preparation of the SIR-C/X-SAR
missions several airborne campaigns have
already been performed using
multifrequency/multipolarization SAR
facilities and ground based equipment
(e.g. active Radar calibrators, corner
reflectors, etc.) Objectives of these
campaigns are:

o familiarization with SAR data

o acquisition of SAR data on
European SIR-C/X-SAR sites

•J.
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o exploitation of SAR potential in
applications

o testing of calibration approaches
and facilities

testing of
algorithms

data processing

o integration/merging of multisensor
data

The MAC Europe '91 (Multi-Sensor Airborne
Campaign) took place in June/July '91 and
contributed essentially to the above
objectives. Sensors such as the JPL
AIRSAR (P,- L-, C-bands,
multipolarization) and AVIRIS were
involved as well as the DLR SAR (L-, C-,
X-band, each with W, HH polarization)
These campaigns will be continued in
order to allow the selected Principal
Investigators - in close cooperation with
the Mission Operations Team - to optimize
mission planning and science return.
During the missions airborne and ground-
based campaigns will be performed to
support SIR-C/X-SAR data analyses and
interpretation.
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image of the Earth sur-face
which is obtained by means of a
scanning or TV system. For
convenience the aperture of the
radiametric system is assumed
to be of a square form < the
dashed line) and the
overlapping between
neighbouring apertures is
neglected. It may be seen in
the figure that within each of
the apertures a set of
natural formations

N is

rl'
located. The

S. ,..., SM , corresponding to
1J J

these formations are determined
from the image examined. The
first subscript i stands for
the i—th natural formation and
the second denotes the number
of the aperture. Let S be the

J
j—th antenna aperture area over
the Earth surface, then

M

values of the areas S1

N s = s
-̂ 1J °i

a>

Table 1 Radiometers and videoscanners used in "F'riroda" module

Sensor

type

Wave

length

CK/fJ»

Ti it* an LtM ii id Spatial Angle from

main beam Resolution the vertical

dec km /wi deg

Nadir radiometers

R - 3O
R - B O
R - 135
R - 2.25
R - 6OO

"DELTA "
ft — 3O
R - SO
R - 135

R - 4OO

RP - 225
RP - 600

MSU-E
MSU-SK
TV Camera

O.3O CM
O. SO CK
1.35 .;»
2.25 c»
6. OO CB

1J . si'J c »
O. SO c»
1 . 35 ci»

4 . GO <_ m

2.25 CTI
6-OO en

O.5-O.«
0.5-12. O
0. 4-0.. '5

9
9
9
9
9

Scanner

i
1.5
2

G. O

ranorama
12
12

Video
pin
/JlH

/J».

60 fern
60 A'»
60 A-»
6O A-»
60 &!R

radiometers

5 A»
S A'm
15 km

-7.O 5O A-»

radiometers
75 A'»
75 A»

systems
25 s
12O- 3OO m
300 »

O
O
O
O
O

Aft

40
40

40

4O
40

O
39
O

* \
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HK-» tfpmppr.at.ure 1 si de-lohe apparent

depends on the radio-brightness
temperatures I^ of these

t? .

natural formations which are
comprised into the aperture
G ( :r, v ) of the antenna system
diaqramm,i.e.

N
-• -\

(2)

i. - 1

As it is known only the antenna
temperature 1 . is directly

measured and therefore ttte
radio-br ihqtness temperature
7 ran be determined (Réf.4,
H .

1

5) by the f o l l o w i n g formula

val id for a homoqeiieraiis abject
w i th in r.hr> aperture' bnundariei:

I-a )lr + a (
s B s

4

the
temperature,

T - t. emperal ur e of
o

medium surrounding the
antenna.
The use of expression (3) is
quite suitable with wavelengths
exceeding 2.5—3.O cm in which
case the atmosphere influence
is negligible ( Réf. 5).
In the common rase with N
natural formations (classes)
within the aperture boundaries
it is seen that:seen that:

AS: "-" "«I V«,i ' •i v

.+ (1-a )j.--J-| j B<x,v)ds
01 1 S

the antenna

Rr ature of the j--t.h
aperture within which a
homarjeneous object is observed,

17. - antenna radiation

e f f j c i eiir v,
—a - stray factor.

measurement'-5 t.H 1 are
" i

performed. the loi lowing

rf I ,Tt i nil1-. r>::i''if :

AX
::, v )f ls

- g 1 ̂  J B « « .
O 1 N

(5 )

. I-

T_ - T>,.< asTsl

N

N

i .

J' L i< : : ,y )« |c - , j I
-' Il

N , , J '

N

( 1 - » ) |
' A o
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After a ir ans f or mat i CJM ot the
system (5) it. -follows

s

T j B(:;,y>ds

J G

Fi ( X . V > d S

) A J

= 'B 1B J 13("*'
M

M

•• ' is - 1 H 1 * . ::, V )cl:-3

* f

1 he solution of the
linear svstem <6) with respect

lor rel-ni-jvelv I I areas

1

where D.

B.
q i ves

and D are the

respective determinants of (6).
i . e . the spatial resolution of
the passive radiametric svstein
is enhanced.
O b v i i M i < s l v , to iiir-iI r? nnr» oi
s o l u t i o n < 7 > the r ^ t i u ^ B /

3 , the values of I ,
o . ' o

i
a arid the antenna

j

si - "A,
d J «qr am

G(::,v) are to be known as well
as the i ri -for mat ion -for the

- a ;: i st hr
(position)
station .

ai
s L j
thie

1 i z <i t i ( >i i
orbital

3. COIJLLUSIUNB

The solution of the stated
above task is planned i ri the
framework of the "Priroda"
multipurpose space proiect. . Fhe
data obtained for the
r arl i ri br i hqt MP<=;?, I oinjifr .-»1 ur p>«=i

wil l doi ibh i er.T. r evea I
possibi l i t ies t o KO Iv *= new and
i mpnr I. .^111 T.r i fii t j I i < I A1M^. M
is ver v su s t ;ih 1 P ( ( ' u'.j<r> lo int lv
the data obî.aim^d by iiipans of
the vi dpocamera |-l;j|.-H and a
radiometrif svstf-Mn, RM-'I'.'t' for
example, fhe su f t.w.ir F5 developed
fnr tii is pin pufu- PI tables thf
per fornianr e ( i f interact:
prnrpdiii f > ' - . . IV i ' lo r-tif r»
rjtjl ,1 11it>it by i|i (mini Ihi'.nij
airborne? equi PHICMI t: are intended
tu f a c i l i t â t F? thé solution of

the t ar.l.1=-.. I ho dm i vat inn nl

tfie l _ distr ibi'l J I H I under I.lie
H .i

rroiidi t ion o f
d i nt r i but nd I .

be at. focus.

r i or-mal 1 v
w i l l . 1 1 r.i >

i\. KtI-Ll-:!.: I -M.FB

1. Mishnv li.M. ?/ W.=»r.-ii s i - j I . Ia-
1987« tar Ih Had i at. i r >n r-:p>ceiver
in a Kaiitpr1 < ) t 4 1 > 7 ) r"»//^,
Ci.tmut . re- T.d. /\>:s,i. bn I . '.:'••- i . , 3OT

5, 715-717.
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Radiometric Systems through
Joint Processing with Visible
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11, 10/11, 712-724.
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Forschungniodul
Orbital stat i or»
Fer nerkundung

PRlRODA, Ein
der sowjetischen
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Fiq.l A part af the iuiaae of the Earth surface obtained by
means of a video svstern arid track image of the radiometric
system.
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HIGH RESOLUTION STEREO IMAGES FROM THE SPACE STATION MIR

V. Liebig

Kayser-Thredc GmbH, Munich, F.R.G.

1

ABSTRACT

Since 1990 the Russian space company NPO Energia runs two
KPA-IOOO cameras on the orbital complex MIR. NPO Encrgia,
Moskow, works together with Kayser-Thredc, Munich, to offer
the satellite images on the Western market. The orbital parame-
ters of the space complex arc presented and the camera system is
described in the paper. The ground resolution of the images is
about 7.5 m, the ground coverage 120x120 km2. To keep track
of the thousands of photos a database system has been installed.
Plots of the available images are produced after every acquisi-
tion period. On customer request special acquisition campaigns
are organized for selected areas. The operational flow of a spe-
cial acquisition mission is introduced. The camera system offers
high resolution stereo images for many purposes at low costs.

Keywords: High resolution color satellite images, stereo scenes,
space-complex MIR.

1. INTRODUCTION

Since 1990 the Russian space company NPO Encrgia is running
a metric camera system on board of (he space station MIR. Due
to the changes in the former USSR the images are now available
for the Western world. NPO Encrgia, with its headquarter in
Kaliningrad, is the biggest space company in the CIS. It has
constructed space vehicles as SOJUS-TM or BURAN and the
space complex MIR. Now it is trying to commercialize parts of
its activities.
In 1991 Kayser-Threde, Munich, signed a contract with NPO
Encrgia to cooperate in offering the data from the MIR cameras
on the market.

2. THE SPACE COMPLEX MIR

At the moment the space complex MIR consists of four modules
(see fig. 1):

- the main block
-KWANT
- KWANT-2
- KRISTALL

KWANT-2 and KRISTALL are mounted perpendicular to the
main axis of the space .station. Early in 1993 a third module,
PRIRODA (nature), shall be launched. The main purpose of the

PRIRODA mission will be earth observation. A fourth module,
SPEKTR, is nearly ready but its launch is under discussion due
to the budgetary situation in Russia.
Due to its inclination of 51.6° the MIR .station Ls much better
suited for earth observation as e.g. the American .space shuttle
missions or the planned space station FREEDOM with its 28°.

Fig. 1:
The space complex
MIR (status 1992).

The orbital parameters of the MIR space complex arc shown in
table 1:

Inclination:
Altitude:
Excentricity:
Orbit period:

51.6°
ca. 400 km
< 0.001
ca 90 min.

Table I: Orbit parameters of the MIR station (Réf. 1)

Proceedings of the Central Symposium o< !he International Space Year' Conference Held in Munich Germany, 30 March-4 April 1992
(ESA SP-341 July 1992>
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Normally the MlR complex is oriented by the on-board compu-
ter in a way, that the large solar panel arrays are always looking
toward the sun. Only Tor data acquisition periods the station is
turned in a position that the night direction is parallel to the
forward motion compensation of the cameras. This orientation
could be stabilized for approximatly three rotations, which is
equivalent to about 270 minutes. After this time the board ac-
cumulators need Io be charged again by solar power (Réf. 2).

3. THE PRIRODA-5 CAMERA SYSTEM

Different earth observing cameras arc installed on board of the
MIR siation. On KWANT-2 a KAP-350 camera and the mul-
lispcctral MKF-6MA arc installed.
KAP 350 is a medium size camera with 350mm lens and a
ground resolution of about 40 m. The ground coverage is
200x200 km- (all data are given for an altitude of 400 km).
The East-German made MKF6-MA is an analog multispectral
camera with a ground resolution belter 25 m and a coverage of
175x260 km=.
On KRLSTALL two KFA-IOOO cameras are mounted. The sy-
stem of the two cameras is called PRIRODA-5.
The CIS made KFA-IOOO cameras are mounted in parallel di-
rection. They are tilled by an angle of 8° against the nadir., So
ihe images of ihc two cameras show a lateral coverage of I"
(about 7 km on ground) and a doubling of the covered ground
area (sec fig. 2). Due to that installation and the inclination of
51.6° the system can take pictures up lo about 52.5" northern or
southern latitude, without tilling.

-
, , £— UtCfAI caveTOa

KFA-M 1^*-' tnd 1 *̂'11 (°02h>

h - illidude during photographing

Fig. 2: The PRIRODA-5 system consists of two KFA-IOOO
cameras mounted in parallel direction.

The technical data of the KFA-IOOO camera are listed in table 2:

Focus length: 1000 mm
Mean image scale: 1:400.000
Mean image size: 12Ox 120 km2

Ground resolution: ca. 7.5 m
Film:

Film capacity:

SN lOSpectrozonal
560,..68O nm
680...810 nm
1500 images

Forward motion compensation

Table 2: Technical data of the KFA-1000 cameras

Both cameras arc forward motion compensated. Normally all
images are taken with 60% coverage in flight direction to get
.stereo data.
Spectrozonal film (color-infrared) is transported by SOJUS-TM
or PROGRESS spacecrafts into the orbit and latest three month

later back to ground. A longer use of the film would degrade its
colors due to the radiation in the MIR orbit.
After processing of the films the image number, the camera
number, the focus length and a BCD time and date code can be
found on every negative (see fig. 3). The resolution of the time
code is 2 seconds. All negatives carry image marks to allow
photogramsnetric processing of the data.

Um*/d«te of dtti «cquliltlon
~(dot « ML bit)

_numbir or ctmtri (I or II).
ImMt numbtr «nd
foctl Uniht

Fig. 3: On every negative the number of the camera, Ihc image
number, the focus length and a date/time code can be
found.

4. IMAGE DATABASE SYSTEM

To keep track of thousands of images NPO Energia and Kayser-
Threde worked together to establish a database system in which
every scene can be found.
Shortly after each campaign the orbit data of the space station
are calculated. This data together with the time of the image ac-
quisition is used to calculate corner coordinates of each image.
After the development of the films the image numbers are ad-
ded. Then all data are played into the database.
A comparison of the calculated coordinates with the coordinates
taken out of the images shows an error of less than 10% of the
image size (sec fig, 4).

Fig. 4: Comparison of calculated and measured image
coordinates.

The database coordinates can be transfered into a graphic
package which overlays the image coordinates to vectorized
maps (see fig. 5) The plots are regularly distributed to customers
and agents.
On request of a customer cloud figures for an interesting .scene
will be delivered by a mail box system installed between
Munich and Moskow. A cloud number between O and 9 is esti-
mated for every quadrant of a scene. O means a cloud cover
between O and 10%, 9 means 91 to 100%.

\
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3O1O ! -ICVO

Mission Sep. 91

Fig. 5: Acquisition period September 91 over Europe.

5. SPECIAL ACQUISITION CAMPAIGNS

Image acquisition on request of a customer is called Special Ac-
quistion. If a customer needs actual data of a certain area not
included in the archive it is possible to organize a Special Ac-
quisition campaign.
In 1991 three campaigns were organized. Two of them were
.successfully finished (one in Germany, one in Southern Eu-
rope), one could not be fulfilled due to permanent cloud cover
(Kalimantan).
The first step of a special acquisition campaign is the
determination of the customer requirements, e.g. location,
prcfered daytime and month, sun elevation etc. After that the
orbit planning is performed and possible data acquisition dates
arc identified. In preparation of the campaign 3-day weather
forecasts are organized and sent to Moskow during [he possible
mission period. Based on this information a decision is made to
try the acquisition or not. After having taken the photos the
films are sent to ground with the next spacecraft (SOJUS or
PROGRESS return capsule).
On ground the films are processed and the negatives are selec-
ted. After transport to Munich the copies are prepared and deli-
vered to the customer.

6. CONCLUSIONS

With the PRIRODA-5 system onboard of the space complex
MIR a flexible satellite data system is offered for many applica-
tions. The ground resolution is about 25 % better then that of
e.g. SPOT PAN, which is often used as "high resolution" data.
In addition the covered ground area of one .scene is 80 % larger.
Table 3 lists the data of different, often used systems:

Landsal TM

SPOT XS

SPOT PAN

KFA-IOOO

Ground
Resolution

30m

30m

10m

7.5m

Covered
Area

18SxISS km2

60x60 km2

60x60 km2

12Ox 120 km2

Table 3: Comparison of remote sensing systems (Réf. 3).

The comparison in table 3 shows that the high resolution stereo
color images could improve all applications in which SPOT
PAN has been used before to reach high ground resolution. In
addition the costs for a scene are lower compared to the Western
systems.
The primary purpose of the Priroda-5 system is mapping, but
also environmental monitoring or thematic evaluations arc
possible with (he MIR KFA-IOOO images. They can complete
multispeclral data, as SPOT XS and Lands;U or could simply be
used as data source for city posters to find the own house.
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NEW IMAGES OF THE EARTH IN HIGHEST RESOLUTION:
MOMS-02 ON THE SECOND GERMAN SPACELAB MISSION D2

J. Bodechtel & S.L. Jutz

AGF - Remote Sensing Working Group
ul the Institute for General and Applied Geology, Univ. Munich

t

ABSTRACT

MOMS-02 is an optical ivmltispectral three-line scanner, which
will be flown early 1992 on board the American Space Shuttle
during the Second German Spacelab Mission D2, MOMS-02
acquires data in the VIS and NlR range and provides along-track
stereo acquisition capability through off-nadir and nadir looking
optics.
The data will be used for a broad range of geoscientific objec-
tives and enable the combination of thematic and topographic
information within one single system.

Keywords: Earth observation, optical CCD scanner, m-track ste-
reo, muJtiresolution and multispectral data acquisition

OVERVIEW

The Modular Optoelectronic Multispectral Scanner MOMS-
02/D2 is an experimental instrument development for digital
mapping of the Earth's surface from space, built by MBB under
contract of the DARA, funded by the German Federal Minister
for Research and Technology. MOMS-02 is the technological
continuation of MOMS-Ol, a first two-channel version using the
"pushbroom" principle and successfully flown on board of the
Space Shuttle STS-7 and STS-11/41-B missions in 1983 and
19X4. MOMS-02 will be launched into orbit on board the Se-
cond German Spacelab mission D2 in January 1993.

The system is a combination of two basic units with 5 objec-
tives:
a)

b)

The panchromatic, high-resolution stereomodule with
one nadir-looking and two tilted channel^ providing a
maximum ground resolution of 4.5 x 4.5 m~ and
the 4-channel multispectral unit covering the Visible and
Near Infrared range with 13.5 x 13.5 tvr ground re-
solution.

An image of the optic module is shown in Figure 1, the system
parameters for the D2 mission and the imaging configuration are
given in Figure 2 and 3.

SCIENTIFIC OBJECTIVES

Responsible for the scientific goals of the mission is a team of
scientists of geoscientific and photogrammetric disciplines.
Main research topics of the Remote Sensing Working Group
(AGF) in this team are the definition of the requirements and the
design of the sensor system, the development of new concepts
and image processing algorithms for geoscientific applications,
and the verification of the data in selected test sites.

MOMS-02 data will be applicable for advanced tasks in photo-
grammetry and thematic geoscientific mapping.

The main objective of photogrammetry is the autonomous three-
dimensional restitution of the three-line scanner data for:
* deriving digital terrain models of high accuracy (< 5 i,.)

from space
* obtaining high resolution topographic information for the

generation of topographic maps up to a scale of 1:50.000

The thematic geoscientific goals are focussed on the combina-
tion of topographic and spectral informations, which aïe derived
from the simultaneously acquired multispectral, multiresolution
and stereoscopic daty. To meet these goals, 4 spectral bands
were defined in the visible (VIS) and near infrared (NlR) range
of the electromagnetic spectrum additionally to 3 panchromatic
bands. Bandwidth and positioning of these bands are optimized
for the spectral response of vegetation and the discrimination of
rockfonning minerals due to significant absorptions in these
ranges. The data will allow the improved assessment and inter-
pretation of natural phenomena and anthropogeneous changes in
the fields of:

* LAND-COVER:
vegetated areas: land-use, biomass estimation, agricul-

ture, forestry, geology
unvegetatetl areas: lithology, mineral prospection, tecto-

nic investigations
pattern recognition and analysis

* GEOMORPHOLOGY
* PEDOLOGY
* ECOLO(JY:

hydrology, coastal environment, desertification, natural
risks

* URBAN PLANNING

Basic Research will be done in:

* SPECTRAL SIGNATURES of rocks soils and vegeta-
tion

* PHYSICAL AND GEOMETRIC PROPERTIES OF
OBJECTS:
Stereo + multispectral: directional effects on spectral

properties and surface texture
Multiresolution (MS+HR): mixed pixel analysis

V I-

30 fJIs-Lii
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Fig.l: Optic Module of MOMS-02:
upper WH1: tilted objectives of the two
panchromatic channels for stereo acqui-
sition;
lower row: nadir-looking objectives for
high-resolution panchromatic and mul-
tispectral acquisition; the 4 sensors for
multispectral imaging are arranged in
pairs on two focal planes resulting in
two objectives;
(Courtesy of MBB GmbH, Munich)

The availability of simultaneously acquired stereoscopic and
mullispectral informations requires new ways for image pro-
cessing and data extraction. The data extraction through opti-
mized image enhancements and classifications plus the quantita-
tively detenninable third dimension enables a variety of new
data layers derived from one single system only. These data
layers will be compiled in a Geo-lnformation-System with in-
telligent concepts for the combination of the extracted infor-
mation (= expertsystem).

TEST SITES

The D2 mission on Space Shuttle !light STS-52 will last 9 days.
During this mission 2 x K)'- bit of data (5.5 hours recording
time) will be recorded on a HDDT, which is, - depending on the
selected mode - anafogcxts to ca. 6-(O Mio km* of earth cover-
age. The primary test areas are limited to 28.5 northern and
southern latitude due to the inclination of the Space Shuttle. The
principal test areas of the thematic-geosciemific group of inve-
stigators (see figure 4) and their main research topics are:

* Egypt, Eastern Desert and Saudi Arabia: spectral
signatures, lithologie mapping, mineral prospection

* Ethopia: spectral signatures, vegetation changes, pedo-
logy, land-use

* Kenya and Tanzania, Rift Valley: DTM modeling, rift
tectonics, stratigraphie mapping of lavas, geomorpho-
logy, hydrology, land-use

* Zimbabwe: stratigraphie mapping, mineral prospection
* Australia: stratigraphie and tectonic mapping, mineral

prospection
* Peru and Chile: coastal environment, natural risks,

geological mapping

OUTLOOK AND FUTURE ASPECTS

MOMS-02 with its modular concept and variable acquisition
modes is an experimental study for the definition and design of
a future operational, optical sensor. It fills the gap between fu-
ture imaging spectrometer and existing Earth observing scanners
and marks the step from the qualitative to the quantitative data
analysis (Fig.5). Therefore, MOMS-02 data will be compared
and combined with existing data of operational sensor systems
to simulate an optimized future operational sensor for land ob-
servation (see Fig.6).

Basic research in the field of reflective spectroscopy revealed a
urgent need of high spectral resolving channels for land obser-
vation in the two atmospheric windows of the SWIR range at
1500 - 1800 nm and 2000 - 2500 nm. Therefore, the inclusion of
SWlR channels for future MOMS developments is proposed. As
opposed to imaging spectrometers, MOMS should be designed
with only a few carefully selected handsets, but with a ground
resolution as high as possible to avoid too confusing mixed si-
gnatures (due to high spatial and spectral inhomogenity of the
land surface), which cannot be traced back to their original
endmembers or spectral components.

In connection wi th imaging spectrometers and as a link between
these and Earth observing scanners the MOMS system is also
regarded for operation in an environmental monitoring system
e.g. on long term experiments such as PRIRODA/MIR (pre-
operational) or on an European Polar Platform (operational).
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Fig.2: MOMS-02/D2 SYSTEM PARAMETERS

7 CHANNELS WITH 6000 ELEMENTS/DETECTOR ARRAY:

spectral range

Multispectral bands (MS)

channel 1 440 - 505 nm
channel 2 530 - 575 nm
channel 3 645 - 680 nm
channel 4 770 - 810 nm

Panchromatic bands (High Resolution + STereo)
three-line scanning for in-track stereo coverage

channel 5 520 - 760 nm
nadir-looking
channel 6 520 - 760 nm
-t-21,4°tilted
channel 7 520 - 760 nm
-21,4° tilted

RADIOMETRIC RESOLUTION
on-board data compression

7 DIFFERENT OPERATION MODES
stereo/spectral channel combinations:

mode 1 channel 5,6,7
mode 2 channel 1 - 4
mode 3 channel 3,4,6,7
mode 4 channel 1,3,4,6
mode 5 channel 1,3,4,7
mode 6 channel 2,3,4,5
mode? channel 1,3,4,5

SWATH WIDTH

RECORDING

1
SPACE PLATFORM

LAUNCH

ORBIT INCLINATION

ORBIT ALTITUDE

spatial resolution

13,5m
13,5m
13,5m
13,5m

4,5m

13,5m

13,5m

8 bit selectable from 12
8 to 6 bit (only for full stereo)

(HR 4 ST, full stereo)
(MS, full multispectral)
(2MS/2 ST)
(3 MS / 1 ST)
(3 MS /1 ST)
(3 MS/HR)
(3 MS/HR)

37 km or 78 km, mode dependent

DDR-100 HDT recorder
max. storage cap. 5,5 h
max. data rate 100 Mbit/s
coverage ca. 10 Mio.km2

German Spacelab D-2 Mission
on Space Shuttle

January 1993,9 days duration

28,5°

296km

In the moment, discussion is going on to place a refurbished
MOMS-02 after the D2 mission together with active and passiv
microwave instruments and spectrometers on the PRIRODA re-
search module, which will start operation onboard the CIS's
MIR station late 1993 (MOMS planned for early 1994).

The improvements for geoscientific applications of a preop-
erational mission of MOMS-02 on PRIRODA/MIR underline
the following arguments:

Global data assessment of regions from +/- 51.6°latitude
Multisensor and multiresolution acquisition of optical
and microwave instruments
Long-term monitoring of dynamic processes on Earth
(global change)
Multitemporal data acquisition less dependent on wea-
ther conditions
Simultaneous stereo- and multispectral data acquisition
for merging thematic and topographic information
Atmospheric corrections of MOMS data possible by si-
multaneously acquired MOS-OBSOR data

v \
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Fig.3: MOMS-02
IMAGING CONFIGURATION

MOOEl STEREO S&7

UOOEZ US 1/ZBH

UOOE 3 US 3/4, STEREO Vt

UOOE4 MS \/3S*. SJEFIEOt

MOOES MS 1O/4. STEREO7

UOOEO MS2&4.HR

UOOE 7 US 10/4. HR

13.5 X 13.5 m

13.5 x 13.5 m

Fig.4: test sites

MOMS-02 coverage for D2 and Priroda/MIR missions

<s>AGF
UMVMUNICH

-51.6V

Proposed test sRes for Priroda mission

Principal thematic-geoscientiric test sites for D2 mission
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Rg. 5:

Development of Optical Earth Observing Sensors lor Land Application» |

0>AGF

Fig.6: MOMS-02 in comparison to other optical systems for
land observation

MOMS-02 ONBOARD SPACELAB D-2 COMBINES FOR THE FIRST TIME IN
SPACEBORNE EARTH OBSERVATION SIMULTANEOUS STEREOSCOPIC
AND MULTISPECTRAL DATA ACQUISITION

MOMS-02 in comparison with existing operational earth
observing systems:
- modular structure, individual modules
- CCD line scanning (pushbroom principle)
- along-track three-line scanning (stereo capability)
- high ground resolution of 4,5 x 4,5 m

WIOMS-02-HRc4>
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SIMULATION OF MOMS-02 STEREO BAND RADIOMETRIC
CAPABILITY USING FIELD SPECTROSCOPY DATA

Schneider Th., Ammer, U., Koch, B., Scherer, A.

University of Munich
Institut for Landuseplanning and Nature Conservation

Hohenbachernstr. 22, D-8050 Freising

ABSTRACT

MOMS-02, acronym for Modular Optoelectronic
Multispectral/Stereo Scanner, is an earth sensing
CCD-instrument designed as a "pushbroom" scan-
ning device for spectral data acquisition in the
visible (VIS) and near infrared (NIR) range, combi-
ned with an along track stereo capability provided
with one nadir and two tilted modules 21.43° fore
and after off nadir. In order to quantify the diffe-
rences in signal response due to the look direc-
tions of the MOMS-02 stereo bands, we simulated
them by spectroradiometer measurements on the
Olympiaschuttberg, Munich. Compared to the
average value of the nadir looking measurements
of all expositions we found, depending on sun in-
clination, slope and aspect, reflectance differen-
ces from 63% to 148% for the same uniform grass
canopy.

Keywords: MOMS-02, stereo bands, radiometry,
simulation, vegetation

1. INTRODUCTION

MOMS-02, is an earth sensing CCD-instrument
using the "pushbroom" scan principle (MEIBNER
1982) [1], which is the follow-on development of
MOMS-01 (BODECHTEL et al. 1985) [2]. MOMS-02
will be equipped with four spectral bands, three in
the visible (VIS) and one in the near infrared (NIR)
range, as well as with an on-track stereo capa-
bility provided with one nadir and two tilted mo-
dules 21.43° fore and after off nadir (BODECHTEL
etal. 1988) [3] (Tab. 1).

Unit

focal length f (cm)
diameter D (en)
f/D
area A, (cm1)
detector size (IM)
IFOV (jirad)
pixel size (m)
pixel/line
view direction
integration tine t,

band 1-4

22
5.26
4.18
21.7
10.0
45.45
13.5
3450
O.
1.92

band 5

66
14.50
4.55
165.1
10.0
15.15
4.5
6900
O'
0.64

band 6, 7

23.75
4.26
5.57
14.25
10.0
42.1
13.5
5000
22'
1.92

MOMS-02 will be flown aboard NASA's Space
Shuttle during Germany's D2 mission, actually
scheduled for January 1993. The orbit inclination
will be 28°.

Tab. 1 : MOMS-02 sensor parameter

Fig. 1 : MOMS-02 registration configuration

The new aspect about MOMS-02 is, beside small
spectral bands and high geometric resolution, the
on track stereo capability in the panchromatric
region (Fig. 1 ). This offers the opportunity of DEM
evaluation from MOMS-02 stereo band data, with
the possibility to calculate slope and exposition
paramétra of the target of interest.

One major classification problem in orographie
structured terrain is the reflection variation due to
slope and exposition changes. The objectiv of our
simulations was to quantify the differences of
signal response due to the look direction of the
stereobands, depending on sun inclination, slope
and aspect.

2. METHOD

To estimate the variation range of MOMS-02 ste-
reo band data we simulated them by spectrora-
diometer measurements taken on the "Olympia-
schuttberg" testsite in Munich, an artificial hill with

Proceedings of the Central Symposium of the 'International Space Year Conference Held in Munich. Germany, 30 March~4 April 1992
IESA SP34r July 1992)
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uniform grass canopy. The presented MOMS-02
data simulations are based on field measurements
(Fig.2. a-e) carried out with a 58 channel spec-
troradiometer with the specifications shown in
Tab. 2.

spectral range:
spectral bands:

und
time/measurement:

reference:

400 - 2200 nm
400 - 690 nm (VIS),
700- 1140nm (NIR) and.

1200, 1300, 1650, 1800, 2000
2200 nm single filter, (SWIR)
2,5 min
BaSO4 coated panel

Tab. 2: Spectroradiometer specifications

The measurements were done from a ladder mou-
nted on a van.lt was measured from appr. 11 m or
7m above the target depending if it was looking
slope down or slope up. For each exposition two
series of five measurements were taken, simula-
ting the nadirlooking high resolution band #5,
and the two forward and backward looking bands
#6 and #7, each for the ascending and the des-
cending track.

Signature curves 'OLYMPIABERG-S'. 26.08.91. 14.0Oh
view zenith angle 155 degree
vegetation type : grass
tun »*v»tion 47 rf»0rM. «ijmurft 42 dagrta
ttoo* CItH • 20 • 2t< degré*

look direction 155 degree SW

, reflection related to 8aSO4
exposition

— SW - - S t - N

look direction 155 degree NW

reliée lion rented to BtSO*
•«position

—sw —a M

760 9*0 ''2O UCO !4CO **0 «4M J020 2200
w«v*4n0t/i inml

C.
look direction t55 dag N£

, rellection related to BiS04
T exposition

9 L — SW •- St N

4CO TSO 750
—' 1 1 "—I 1 1 1

1120 13CO 1480 »J5U 1840 2020 2200
wavelength fnmj

d.
nadir

. relltcuon related to BtSOt* exposition
— S W - - SL H

A

•\

4-:o

a.
1120 '.!CO MSu «60 W :020 ;:oo

wavelength Inm)

look direction 155 degree SE

. rallaclion ruated to SsSOi

b.

axpoation
—sw •- st N

B40 2020 2200
wevelenith tnml

,1 I—
•ra t8G 760 940 'VO IiOO 1460 KÎ60 '£40 2rl20 22CO

wavelength tnml

e.

Fig. 3, a-e: Signature curves of the grass canopy
of the Olympiaschuttberg measured in three
exposition classes and four look directions

Basis for the evaluation of the MOMS-02 radiome-
tric response were greylevel value tables calcula-
ted at the Deutsche Forschungsanstalt fur Luft
und Raumfahrt (DLR) (RICHTER, 1991)(4) due to
the atmospheric model Lowtran 7 (multiscattering
mode) and the sensor parameters computed by
the Messerschmidt-Bôlkow-Blohm Company (MBB)
(MEIBNER. 1990)(5). This greylevel value tables



give for each MOMS-02 band the expected greyle-
vel value (ON) for a given spectral ground albedo
and sun elevation.

SNR DN
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aspect classes for each Stereo band look direc-
tion (Fig. 5, a - e). Figure 6 shows the deviation
range of the MOMS-02 stereo bands in percent, in
reference to the DN average value of the nadir
measurements.

45' 0.0
0.1
0.3
0.5
0.7

3.6
11.2
26.6
42.2
58.0

169
309
480
607
712

65
221
189
214
209

8
8
2.8
2
1.4

0,=solar zenith angle, p=ground albedo, M=signal amplitu-
de, saturation at 880000 electrons (M = 100%), SNR = signal to
noise ratio, DN=calculated digital number for the gain factor
(*), *= gain factor

Tab. 3: Greylevel value table, example for the
MOMS-02 stereo bands #6 and #7

The resulting DN for the MOMS-02 stereo bands
calculated from the spectroradiometer measure-
ments on the Olympiaschuttberg (Fig. 2, a-e), are
shown in figure 3.

DH ot simulated MOMS-02 HK and Stereo bands
•OLYMPIABERG-S: 26tn August mi >4.oon
grass canopy
Sun MVt(KX) 47 0*y. ItHMtI . 42 digt.
Mot cuitii 20 • 25 (toy
«AprtJ numOor tS bit qumlilltiont
T exposition
I C I S W C J W C l N W B N U N E a E a S E

-. 2S.08.9l }4.00h
DN diffartnctt in X
100% — avg. ol all exposition ntdn matsmomonts
sun tHtiton . 47 dogit». «mull • -12 dtptt ISI
Sloflt daft : 20 - 25 UOfOt

SE S*
vww dttctnn VB dtgr. to

Fig. 4: DN differences in % of the average value
of nadir measurements of all expositions

4. SUMMARY

MV*"

1

«o h

i
30 r

20 Lii

LLPill
Fig. 3: DN calculated from spectroradiometer

measurements off the Olympiaschuttberg

3. RESULT PRESENTATION

For the presentation of our simulation results we
used a DEM of the Oympiaschuttberg South, digi-
tized from a map of 1 m contour lines, done at
the Fachhochschule fur Vermessung Munich and
generated by the help of the ARC-INFO vector GIS
software package (Fig. 4).

The resulting DN from the field measurements
(Fig. 3) were then applied by the help of the ER-
DAS image processing software on the ARC INFO
aspect coverages of the Olympiaschuttberg (Fig.
4), obtaining five new ERDAS raster GlS cover-
ages with the distribution of DN in function of the

Simulating the MOMS-02 stereo bands on the
basis of spectroradiometer measurements for the
slope class from 20° to 25° and a sun elevation of
45° we retrieved DN from 25 to 58 of an 8 bit
quantization for the same grass canopy, depen-
ding on look direction and exposition. Compared
to the average value of all exposition nadir mea-
surements (100%) this are variations from 65% to
148% for the simulated off nadir stereo bands
#6/#7 and from 80% to 140% for the nadir loo-
king high resolution band #5.

Due to the on track stereo capability the MOMS-
02 sensor offers the opportunity of DEM calcula-
tion. Slope and aspect paramétra of the target
area will be known. Based on simulations like the
one presented in this paper we try to find solu-
tions for compensating the slope and aspect ef-
fect on spectral data. So we hope to improve the
classification accurancy in regions with structured
topography.
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1. INTRODUCTION AND OBJECTIVES OF THE
INTERNATIONAL SPACE YEAR1992

The International Space Year (ISY) 1992 is a world-wide
initiative to enhance international collaboration in the field
of space research and to increase public awareness of 'he
benefits of space research for a better understanding of the
burning problems of our Earth's environment.

This initiative has been welcomed by the United Nations
which formally endorsed the ISY initiative at a meeting of
the UN General Assembly in January 1990.

The International Space Year is celebrated in the year 1992,
the 500th Anniversary of the discovery of America by
Christopher Columbus and the 35th Anniversary of the
International Geophysical Year (IGY) which had a great
impact on the preparation and planning of global space
research activities.

The main theme of the International Space Year is

"Mission to Planet Earth"

The activities focus therefore on the monitoring of all facets
of our planet's environment. They aim at a better knowledge
of the important changes and the fundamental phenomena
and processes which govern the behaviour of the Earth's
environment.

Apart from remote sensing with space-borne means, and the
corresponding scientific applications research, the extra
terrestrial research and m?r>ned space activities are also
included in the deliberation of the International Space Year.
This concerns for example the interaction of the Earth's
atmosphere and magnetosphere with .he solar activities and
interplanetary research in general. The other elements in the
ISY process are microgravity and life science research in
space.

There are key space missions which contribute to the ISY:

the Upper Atmosphere Research Sa»e!lite
(UARS) of NASA
the European Remote Sensing Satellite
(ERS-I) of the European Space Agency
the Japanese Earth Resources Satellite
(JERS-I) of NASDA

2. ORGANISATION

The ISY activities are organised and coordinated by the:

Space Agency Forum on International
Space Year (SAFISYÏ

This Forum consists at present of 29 members and 10
affiliates. Europe is represented in the Forum by eleven
ESA members as well as the European Community,
EIJMETSAT and ESA.

The Forum is supported by three Panels of Experts:

the panel of Experts on Earth Science
and Technology (ES&T)
the Panel of Experts on Education and Applications
(E&A), and
the Panel of Experts on Space Science (SS).

See figure 1 - Organisation of SAFISY

These Panels of Experts propose scientific projects of
international collaboration to SAFISY.

The Panel of Experts on Education and Applications is co-
chaired by NASA and the French National Space Agency,
CNES.

Two associations have been created to complement the ISY
scientific and applications activities with Public Relations
activities, in the preparation and implementation of ISY.
These associations are:

the US ISY Association in Washington DC
the European ISY Association (EURISY) in Paris.

The list of members and affiliates of SAFISY is given in
table 1.

In general, the ISY activities are based on voluntary contri-
butions from its members and affiliates. Each specific
undertaking is led by one or two members who already have
a significant activity ongoing in that spécifie area, which is
complemented by contributions from other members active
in the same field. Lead agencies provide complementary
funding to fill, where necessary, identified gaps in the
proposed research and applications.

Proceedings o! the Central Symposium of the 'International Space Year' Conference. Held m Munich, Germany. 30 March-4 April 1992
(ESA SP-341. July 1992)
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SPACE AGENCV FCRUM ON
INTERNATIONAL SPACE YEAR 'RS

PROF. H. CURIEN
10 AFFILIATES

PROJECTS
AND
WORKING
GROUPS

SPACE DATA FOR
GLOBAL CHANGE
(10 PROJECTS
APPROVED)

GLOBAL CHANGE
OUTREACH
(2 PROJECT!.
APPROVED)

REMOTE SENSING
APPLICATIONS
(12 PROJECTS
PROPOSED)

- THEMJ

EDUCATION
128 PROJECTS
PROPOSEDI

- TO BE
DEFINED

Fig. 1: Organisation of the International Space Year (ISY)
A. MEMBERS

Argentina

Australia

Austria
Belgium
Brazil
Canada
China
Denmark
European Spucc Agency
EUMETSAT
Finland
Federal Republic of Germany

France
India

Israel
Italy
Japan - STA
Japan - NASDA
Japan • ISAS
Netherlands

Nonvyy
Pakistan

Spam

Sweden
Thailand

United Kingdom
United States - NASA

United Slates • NOAA

USSR

Comision National de Aciividades
Espaciales (CONAE)
Commonwealth Scientific and Industrial
Research Organisation (CSIRO)
Austrian Space Agency (ASA)
Recherche et Technologie Spatiale (RTS)
Instituto de Pesquisas Espaciais (INPE)
Canadian Space Agency (CSA)
Chinese Academy of Sciences (CAS)
Danish Research Administration (DRA)
ESA
EUMETSAT
Finnish Space Committee (FSC)
Deutsche Agentur fur
Raumfahnangelegenheiten (DARA)
Centre National d'Etudes Spatiales (CNES)
Indian Space Research Organisation
(ISRO)
Israel Space Agency (ISA)
Agenzia Spaziale Italiana (ASI)
Science and Technology Agency
National Space and Development Agency
Institute of Space & Astronautical Science
Netherlands Agency for Aerospace Pro-
grams (NIVR)
Norwegian Space Centre (NSC)
Pakistan Space & Upper Atmosphere
Research Commission (SUPARCO)
Centra para el Desarrollo Tecnologico
Industrial (CDTI)
Swedish National Space Board (SNSB)
Ministry of Science, Technology and Energy
(MSTE)
British National Space Centre (BNSC)
National Aeronautics and Space
Administration
National Oceanic and Atmospheric Admin-
istration
INTERCOSMOS Council

COSPAR
EC

IAF
ICSU
INMARSAT

ISTERCOSMOS i
U-MlSLO

I N-OSAD
UN-FAO
UVWMO

'ROGRAMME

Committee on Space Research
European Community/Joint Research
Centre (JRC). Ispra
International Astronautical Federation
International Council of Scientific Unions
International Maritime Satellite
Organisatiu.

Educational, Scientific and Cultural
Organisation
Outer Space Affairs Division
Food and Agricultural Organisation
World Meteorological Organisation

NOTES: - Japan opted to he represented by 3 simultaneous members, STA
having the lead in political matters

- USA opted to be represented by 2 simulaneous members. NASA
having the lead in political matters

Table I - List of SAFISY Members and Affiliates
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3 THE EARTH SCIENCE AND TECHNOLOGY
ŒS&T) PROJECTS OF ISY

This Panel has proposed a total of 13 projects which have
been suggested by international experts and accepted by
SAFiSY. Fundamentally, they fall into two categories. The
first category of project comprises "Space Data for Global
Change" and "Global Information System Tests" activities.
The second category covers "Global Change Outreach"
activities. The projects of this category are aimed to reach,
with global information, the public and the political decision
makers.

It would go far beyond this presentation to describe in detail
all the 13 projects, but at least the titles are given hereafter.
It can be seen that by these undertakings the most important
problems of the global change of our environment are
addressed.

Category 1 Projects

Global Consequences of Land Cover Change (LCC)
Enhanced Greenhouse Experiment Detection
Experiment (GEDEX)
Ocean Variability and Climate (OVC)
Polar Stratospheric Ozone (PSO)
Productivity of the Global Ocean (PGO)
World Forest Watch (WFW)
Global Sea Surface Temperature (GSST)
Polar Ice Extent (PIE)
Global Satellite Image Mapping (GSIM)
Space Disaster Prevention, Preparedness and
Relief (SDPPR)

Europe (ESA and ESA member countries) contributes to all
Category 1 projects. 8 of the above 10 Working groups are
jointly led by European national organisations (6) or ESA

PROJECT

Land Cover Change

îreenhouse EKtcl
Detection Prefect

Octan Variability
and Climate

1OlIr Stratospheric
Ozone

'roductivity of
Global Octan

World Fortst Watch

Global StaSurfact
Ttmpanlurt

Polar let Eaten!

Global Change
Encyclopedia

Global Change Atlas

Global Satellite
magt Mapping
Project

)p*c« and Disaster
'reventlon,

Preparedness, and
Relief

Global Change Video

/S V EVENTS

ESSlS
2 M MS?

P.p«r

PWt.

P.p«r
Demonstration

bUROFEAN
ISV

CONFERENCE
3,304tV9Z

Session

Sttfion

Plptr

Session

Stllion

Session
Workshop

Oemonsi/aiion

Session
Dtmonilrttion

Demons tf*lion

Eihitxlion

Session

Session

Demonstration

WORLD
SPACE

CONGRESS
aœs a-att-

WOfKIhOp

Paper

DemoniKiiion

Paper

Paper

Pape,-
Demonstration

Exhibition

Session

Demonstration

ASIA-PACIFIC
(SV

CONfERENCE
fill 199?

Session

Session
Workshop

Session
Workshop

Session
Workshop

Demonstration

Session

Demonstration

-•

--

OTHEK

--

workiftop
UO My IMI
WMNn(MIi, DC

AIlM DltVttulon

Pour SIrMMpIMrIc
Oiono WorkMop
OcWIW IMl
TtO

WorMMp
(EurocowtojriCVCEC)
»•» OcUMr IH1
IWMMy

WorM Form WiKh
ContaniKi
i7-»ni»ii«
U* Pnu.lr>iil

•-

ISV PoMr ICI Eltml
workthop
Fotnury I»!
MfOK

DWrlfaulKin
WD-IM:

AlIw Olttribulion IMo
IMI

Dttbttulion

(2). The contributions of hSA are closely linked to the
results from the ERS-I mission. Hence the ESA lead is in _ . . - ~ . .. , .. _ . ,.
the "Ocean Variability and Climate" and the "Polar Ice Table 2: Details of the Presentations
Extent" projects.

The Working Groups of these projects have met successfully
and identified all details for their implementation. The result
of these joint international efforts will provide significant
contributions to the 1992 deliberations of ISY.

Category 2 Projects

Global Change (Electronic) Encyclopedia (GCE)
Global Change Atlas (GCA)
Global Change Video (GCV)

Severs I meetings of the corresponding Working Groups have
taken place and the implementation of the projects is well
advanced. Europe contributes to all these projects. The
"GCE" and "GCA" projects are led by Canada and Austria
and UK/Germany respectively.

The results of the international collaboration within these
projects will be presented at the key ISY events described in
chapter 6 of this paper. The details of the presentations are
given in table 2.

4. EDUCATION AND APPLICATIONS(EAAl
PROJECTS OF ISY

The number of projects proposed by experts at the first
meeting of the Panel of Experts on Education and Applica-
tions is far larger than the number of projects in Earth
Science & Technology. In total, 39 projects have been
suggested.

The main emphasis of the E&A activities is on the introduc-
tion of the results of Earth monitoring and space science
related to environmental research into the education
process. Furthermore, emphasis is given to world-wide
training in remote sensing applications to promote the use
of these new techniques and to provide at the same time for
the participation of lesser developed countries in ongoing
application projects. These application projects are under-
taken in many locations of our planet by the most advanced
SAFISY members. Fundamentally, the E&A activities are
covered under two themes:
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Theme A : 'Training in Remote Sensing Applications",
guided by CNES with the following 4 projects:

* Monitoring Deforestation in South East Asia
Bangkok/Thailand
with Regional Seminar on Tropical Ecosystems

* Risk of Geological Instabilities
Arequipa/Peru
with Natural Hazard Risk Mapping

* Urban Pressure on Fanning Land
Tunis/Tunisia

* Medgeobase Geographical Information Systems
Tunis/Tunisia

Theme B : "Space and Education", guided by NASA, with
27 proposed projects.

The three Working Groups created for "Space and Educa-
tion" will implement projects in the following three areas:

* Earth Observation in Education: 3 projects
* Space Science in Education: 15 projects
* Space Communications in Education: 4 projects

There are four corresponding projects proposed which are
under investigation for appropriate funding.

A number of the "Space and Education" projects have
forerunners and do not require large investments.

5. SPACE SCIENCE (SS) PROJECTS

The activities covered by the Panel of Experts on Earth
Science & Technology are largely concerned with "Mission
to Planet Earth" (MTPE). It is acknowledged, however, that
environmental conditions on Earth can be influenced by
physical phenomena within our planet's wider environment,
that of the magnetosphere and the heliosphere beyond.

A third ISY Panel of Experts - on "Space Science" - has
been set up by the international Committee on Space
Research (COSPAR). This panel, using the COSPAR
Commission structure, has met four times and agreed on a
number of projects of international collaboration which were
accepted by SAFISY members.

These projects fall essentially into three categories:

to undertake investigations which clearly demonstrate
the value to environmental science, of research into
magnetospheric and heliospheric physics, the struc-
ture and physical state of the sun and other solar
system companions and the problems associated with
living and working in space;

to take action to improve the timely and efficient
acquisition, processing and distribution of data, as
well as to demonstrate the feasibility of such action;

to bring the results of space science research to the
wides; possible public audience.

These above activities will give breadth and depth to our
treatment of the wider aspects of our planers environment.

30 projects have been agreed upon, consisting of:

* 22 science projects which include all areas of disci-
pline;

6.

8 education and outreach projects.

SPECIAL EVENTS 1992

The ISY activities will culminate in a number of special
events at which the results of the joint international science
and applications research will be presented. Similar to the
International Geophysical Year (IGY) the ISY will also
discuss problems and trends for future research and provide
recommendations from key expert panels.

These special events in 1992 will include panel sessions with
media and key political figures as well as exhibitions related
to the main emphasis of the International Space Year.

The main events are:

* ISY Conference on Earth and Space Science Infor-
mation Systems in Pasadena, California
(11/14 February)

* European ISY Conference "Space in the Service of
the Changing Earth" in Munich, Germany
(30 March/4 April)

* ISY Conference "Satellite Remote Sensing for
Resource Management, Environmental Assessment
and Global Change Studies: Needs and Applications
for the Developing World" in Boulder, Co. USA
(27 April/1 May)

* Second Circumpolar Symposium on Remote Sensing
of Arctic Environments in Tromsoe, Norway
(4/6 May)

* ISY Workshop "Strategies for Developing a Global
Environment Data Exchange Network through the
United Nations Environment Programme" (UNEP) in
Boulder, Co. USA
(4/6 May)

* International Symposium on Remote Sensing in
Glaciology in Boulder, Co. USA
(17/22 May)

ISY "World Forest Watch" (WFW) Conference in
S. José dos Campos, Brazil
(27/29 May)

* ISY World Space Congress in Convention Centre,
Washington
(28 August/5 September)

* MARISY 92 Symposium on "Evaluation of Natural
Resources with Remote Sensing Techniques" in
Rabat, Morocco
(6/8 October)

* ISY Asian Pacific Conference in Tokyo, Japan
(16/20 November)

\ V



1247

The most important event for Europe is the European ISY
Conference which will be jointly organised by the European
Community, ESA and Germany. Germany offered to host
this Conference, which will involve numerous professional
organisations and societies.

7. CONCLUSION

The response of the space research community to the idea
to celebrate 1992 as the International Space Year has been
overwhelming. The large number of ISY projects in the
fields of Space Science, Earth Sciences and Education &
Applications, as well as the many individual contributions,
demonstrates the large potential of space technologies for
mankind.

•*'
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ABSTRACT

The purpose of the panel of experts on space
sciences was to assist the Space Agency Forum for
the International Space Year (SAFISY) in planning for
the ISY. The group has developed specific
suggestions for scientific activities in all scientific
disciplines of COSPAR, except Earth sciences which
are under the auspices of the SAFISY Panel of experts
on Earth sciences and technology. "Perspectives from
space" was recommended as the main theme for the
space science activity.

The origin and aims of the panel are presented below.
Twenty-seven projects proposals were identified by
the panel as activities intended to expand and
facilitate current space science efforts and
understanding, and endorsed by SAFISY. These
projects, twenty-one directly related to science and
six other ones related to education and outreach
projects, are briefly summarized.

ORIGIN AND AIMS

After the panel of experts on Earth sciences and
technology and the panel on experts on education and
applications were established, SAFISY invited the
Committee on Space Research (COSPAR) of the
International Council of Scientific Unions to take the
lead in forming a third international panel of experts to
focus on space science. The first meeting took place
in Paris (March 1990) at COSPAR headquarters where
the panel was identified, based on the interdisciplinary
scientific commission structure of this committee. The
COSPAR is indeed structured in seven scientific
commissions : A, on space studies cf the Earth's
surface, meteorology and climate (here under the
auspices of the panel of experts on Earth science and
technology) ; B, on space studies of the Earth-Moon
system, planets and small bodies of the solar system ;
C, on space studies of the upper atmosphere of the
Earth and planets ; D, on space plasmas in the solar
system, including planetary magnetospheres ; E, on
research in astrophysics from space ; F, on life
science as related to space ; and G, on material
sciences in space.

Later, the COSPAR/SAFISY panel met four times : in
the Hague (July 1990) at COSPAR plenary, where
preliminary proposals for specific space science
projects were made ; in San Francisco (December
1990) at American geophysical union meeting, where
the previous program was developed and refined ; in
Paris (March 1991) at COSPAR headquarters, where

the projects were finalized and their leads confirmed,
in preparation for the SAFISY IV meeting in Moscow ;
and finally in Washington (October 1991) at national
academy of sciences, where the projects status was
reviewed and the report was finalized through a
meeting with the leads or their representatives.

The COSPAR/SAFISY panel of experts on space
science groups together approximately 40 scientists,
representing 15 countries : Austria, Czechoslovakia,
France, Germany, India, Israel, Italy, Japan, the
Netherlands, Norway, Poland, Russia, UK, USA and
Switzerland. It is chaired by L.E. Peterson and co-
chaired by A.C. Levasseur-Regourd and A.C. Nishida.

Activities of substantial scientific value, that are
suitable for both international cooperation and results
in 1992 have been emphasized along the meetings of
the space science panel. "Perspective from space"
has been adopted as the main theme of the activity.
This theme relates to science as well as to education
and outreach projects. It typically stresses the linkage
between our understanding of the Universe through
scientific study and space exploration, and the
practical concerns of the people of the world,
particularly in the areas of science education, of
environmental awareness, and of international
cooperation. The following twenty-seven proposals
were endorsed for the ISY.

(B) Space studies of planets and small
bodies of the solar system

1. Giotto Extended Mission flvby

The objective is to promote better understanding of the
origin and composition of comets and small bodies,
and their possible role in the formation of the solar
system and the emergence of life. The Giotto
extended mission flyby of comet Grigg-Skjellerup on
10 July 1992 is to be used to demonstrate the
international cooperation (ESA, NASA) in the capture
and analysis of spacecraft data. The leads are G. H.
Schwehm and M.G. Grensemann at ESA.

2. International Halley Watch archive

With the same objectives that the previous project, the
approach is here to produce, publish and distribute
the International Halley Watch archive both on CD-
ROM and on paper. The lead is J. Rahe at NASA.
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3. Pioneer Venus Obiter entry science

The objective is to promote an understanding of the
origin, structure and composition of Venus by studying
the results of in situ measurements obtained as part of
the Pioneer Venus Orbiter entry and to demonstrate
tha near-real time processing of data from the entry
event. The leads are H. Brinton and L. Brace at NASA.

4. Planetary data system CD-ROM clan

As a result of 25 years of space exploration of the
solar system, the data obtained from ground and
space based observations of Halley's comet, the
Voyagers, the Vikings, Mariners 9 and 10, Magellan
and Galileo will be archived on CD easily accessible to
a broad community of users. The lead is W. Quaide at
NASA.

5. Planetary science balloon flights

The objective is to use data from the US/USSR
Antarctic balloon flight program to evaluate gamma ray
detectors and cross-calibrate other instruments.
Potential application is on future joint solar system
exploration missions, that will utilize remote sensing
gamma ray spectroscopy to obtain elemental
composition and geochemistry of planetary surfaces.
The leads are J. Trombka at NASA and Y. Surkov at
Vernardsky institute of geochemistry.

frontier between the solar system and the interstellar
medium (i.e., the heliopause). The purpose is to
determine what influence the interaction between the
inner solar system and the galactic material may have
on the Earth's environment. The lead is E. Page at
ESA.

2. Coordinated studies of solar active phenomena

The objective is to achieve an understanding of the
principal source mechanisms of active solar
phenomena, to formulate physical models for
improving the predictability of short-term perturbations
and long-term variability, and to create the largest
possible corroborating data base. Coordinated space-
borne and ground-based observations, as well as
theoretical studies will be made on a campaign basis.
The leads are ISAS, IKI and SCOSTEP, with M.E.
Machado and E. Hildner as contacts.

3. Max '91

To improve solar flare predictions, the largest possible
corroborating data base is created, space and ground
based observations are coordinated and long duration
balloon payloads are flown from Antarctica. The lead is
B. Wagner at NASA.

(E) Research in astrophysics from space

1. Simultaneous mulli spectral information

(C) Space studies of the atmosphere of
terrestrial planets

1. Properties of Venus and Mars

The objective is to better understand our planetary
neighbors and how their characteristics may give
insight into processes on Earth, through studies of
Venus and Mars atmospheres, surfaces and interiors.
Co-leads are G. Keating and T. Owen in the US and V.
Moroz and A. Basilevsky in Russia.

2. Middle atmosphere dynamics and composition

A series of campaigns through an appropriate multi-
national organization will combine in situ (rocket)
techniques with ground-based radiowave and optical
methods to study the interaction between
turbulence/waves and neutral/ion composition. The
lead is E.V. Thrane at Norwegian defense research
establishment.
3. Thermosphère and ionosphere coupling study

The objective is to produce a data set of joint
observations of thermospheric and ionospheric
parameters from ground-based stations in northern
Scandinavia, to support the analysis and
interpretation of this data set, and to distribute it
widely the foster cooperative analysis. The co-leads
are D. Rees and A.D. Farmer in UK and E.V. Thrane in
Norway.

(D) Space plasmas in the solar system

1. Solar system - Galaxy interaction

The objective is to develop the most comprehensive
scientific description possible with current data of the

All major ground and space based observatories, in
addition to smaller observatories, will invite
applications for coordinated observations of specific
objects, and conduct such observations on specific
days during the second half of 1992. These
observations will be primarily oriented to the problems
associated with "dynamic astrophysics", time variable
phenomena with complex relations between different
wavelength intervals. The lead is W. Wamsteker at
ESA.

2. Astrophysics data system

The objective is to assure the effective acquisition
and distribution of astrophysical data and information,
by allowing direct access to mission data from the
users terminal or work station using the national
scientific information networks. The lead is F. Giovane
at NASA.

3. Compact disk of astronomical catalogs

The objective is to make astronomical catalogs easily
accessible to astronomers world-wide through a
personal computer without the need for networks or
modems. The 100 most requested catalogs in the
international astronomical data centers (Argentina,
China, France, Germany, India, USA, USSR) will be
placed on CD-ROM. The lead in J. Mead at NASA.

4. Mulliwave link

The objective is to make accessible to the
international community an interactive, computerized
data base that facilitates the coordination of
astrophysical programs spanning a broad range in
wavelength or requiring the use of many astronomical
facilities. The lead is F. Cordova in the USA.
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5. Guest observer programs

To enhance collaboration in the international
astronomical community and to maximize the scientific
results from astrophysical missions, proposals for
guest observers programs will be invited for space
observatories (e.g. IUE, EUVE, HST, ROSAT, GRO) or
archives analysis (e.g. IRAS, HEAO-1, -2, -3). The
lead is G. Riegler at NASA.

6. Gamma rav burst patrol

The objective is to further scientific knowledge and
understanding of gamma rays by promoting a
coordinated observing campaign of cosmic gamma ray
bursts, and to enhance international scientific
cooperation in the study of gamma ray transients
during a series of dedicated observing periods of
common sky areas. The lead is T. L. Cline at NASA.

(F) Life science as related to space

1. Biomédical conséquences of living in space

The objective is to arrive at a broad-based,
international and interdisciplinary understanding of the
biomédical consequences of living in space, through
specific sessions and panel discussions. The lead is
B. Lujan at NASA.

2. Extraterrestrial intelligent life discovery's impact

A report, for distribution to the international community
that examines issues involved in the search for
extraterrestrial intelligence (SETI), will be produced
through a series of science workshops. The lead is J.
Rummel at NASA.

(G) Material sciences in space

1. Bibliography of microgravitv environments

2. University education

The objective is to expand space science and
engineering education by compiling a baseline set of
information on activities related to space science and
engineering at institutions of higher education
throughout the world. The lead is D. Abir at Israel
space agency.

3. Solar system visualization

The unique body of planetary imagery collected during
25 years of solar system exploration are processed
into movies which show time-dependent phenomena,
high resolution large-field images and perspective
views of 3-D topography. The lead is E.M. De Jong at
NASA.

4. Space research congress project

The objective is to enhance the learning experience of
students attending the space research conference,
by including in the program ISY-related space science
topics. The lead is W. Hermsen in the Netherlands.

5. Coordinated activities using EUVE and FAUST

The objective is to educate the public and to expand
the data base for extreme ultraviolet and far ultraviolet
sources in the optical domain. A variety of observers
at all level of expertise in the extreme ultraviolet
explorer and the far ultraviolet space telescope
missions will be involved. The lead is C. Trentacoste in
the USA.

6. "Perspectives from space" posters set

The "perspective from space" concept is designed as
an educational tool, with principal focus on the
elementary school level. NASA (lead C. Richer) is
proposing the development of poster sets with
teacher's guide.

The objective is to assemble a bibliography of
acceleration data taken from spacecraft used for
microgravity research, and to establish the
infrastructure necessary to continue to update this
information. The lead is G. Martin at NASA.

2. International microgravitv laboratory

An international symposium will be convened, to
acquire and distribute scientific and operational data
from the first microgravity Spacelab flight. An
examination will be made of lessons learned from this
flight which involves experimenters and hardware from
many countries. The lead is S. Graham at NASA.

Education and outreach projects

1. Atlas of the solar system

The objective is to compile into one high quality
document the results of planetary mapping. The lead
is J. Boyce at NASA.

Communication of results

More information about the twenty-seven projects
previously mentioned can be found in the report of the
COSPAR/SAFISY panel of expert on space science,
or can be obtained from the project leads, co-leads, or
contributors.

The results of the projects are presented at some of
«he ISY events : the conference on Earth and space
science information systems, the European ISY
conference, the World Space Congress, the Asia-
Pacific ISY conference. At the European conference,
satellite symposium 3 on space sciences with
particular emphasis on high-energy astrophysics has
typically presented some topics related to space
studies of the solar system and to astrophysics from
space. Also, satellite symposium 4 on utilization of
Earth orbiting laboratories has presented some topics
related to life sciences and material sciences.





1253

NOAA PARTICIPATION IN ISY EARTH SCIENCE AND OTHER ACTIVITIES
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ABSTRACT

The United States National Oceanic and Atmospheric
Administration (NOAA) is contributing to and participating
in many of the projects and associated global change
outreach efforts of the SAFISY Panel of Experts on Earth
Science and Technology, as well as in other ISY applications,
training, and space education activities. The paper describes
NOAA participation in a number of SAFISY Earth science
and technology activities-as well as other ISY-related
activities.

Keywords: ISY, NOAA, AVHRR, space-based data, global
change.

L GENERAL

The United States National Oceanic and Atmospheric
Administration (NOAA) has been involved with the Space
Agency Forum for the International Space Year (SAFTSY)
since its formation in 1988. Data from NOAA polar-orbiting
and geostationary environmental satellites have been used by
many of the SAFISY projects and activities. Working
groups of two SAFISY panels of experts (Earth Science and
Technology, and Education and Applications) have used
NOAA Advanced Very High Resolution Radiometer
(AVHRR) imagery and other Earth observation to develop
various products and services. NOAA scientists and other
professionals have participated in some of these project
activities described below.

2. GREENHOUSE EFFECT DETECTION EX-
PERIMENT (GEDEX)

NOAAJs National Climatic Data Center and Satellite
Research Laboratory have demonstrated the feasibility of
using space-based products to estimate the magnitude of the
urban heat island affecting the United States. Ongoing
activities include the generalization of this approach using
AVHRR Normalized Difference Vegetation Indices (NDVl),
thermal data, and Defense Meteorological Satellite Program
(DMSP) nighttime visible images, in conjunction with in-situ
surface data and model assimilated tropospheric data. The
NDVI and SSMI visible data will be used to estimate a
measure of urbanization which will be used along with
general circulation model specified tropospheric anomalies
to estimate near-surface air temperature anomalies at
various cities across the globe. Numerous statistical models

will be built and the coefficients associated with the measure
of urbanization in the statistical models will provide a direct
estimate of the effect of urbanization on our global-scale
land-based temperature estimates.

3. POLARSTRATOSPHERICOZONE(PSO)

NOAAa Aeronomy Laboratory and Satellite Research
Laboratory have been actively involved with Arctic ozone
monitoring campaigns with along with NASA research
scientists.

4. WORLDFORESTWKFCH(WFW)

NOAA has provided AVHRR Local Area Coverage (LAC)
for forested area as requested by ISY World Forest Watch
participants and developed and tested an AVHRR Global
Area Coverage (GAC)-based global fire product. NQAA
also provided routine LAC imagery over South America,
Africa, and Southeast Asia in support of forest monitoring.
An algorithm for a weekly global fire product was tested
using some retrospective AVHRR data. This product is the
first representation of global fire activity produced from
NOAAs polar orbiting satellites.

S. GLOBAL SEA SURFACE TEMPERATURE (GSST)

NOAA will provide a daily SST product at 100 km scale over
the globe. NOAA will also participate in a project to
compare Along-Trade Scanning Radiometer (ATSR) and
AVHRR data at selected sites. NOAA participated in the
GSST/WG meeting held in October 1991 in Miami. NOAA
and NASA are cooperating in project to reprocess entire
AVHRR data sets for SST to compare with ERS-I data.

6. POLARICEEXTENT(PIE)

NOAAS Ice Center representative attended the PIE meeting
in Ottawa on September 15-16, 1991 and plans to support
the PIE meeting in the United States scheduled for Septem-
ber 1992.

The NOAA Ice Center will provide global sea ice analysis
support to PIE using new work station analytical techniques
being developed for SAR data expected from ERS-I and
JERS-I.
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7. GLOBAL CHANGE ENCYCLOPEDU (GCE)

Approximately 32 databases will make up the GCE CD-
-ROMs. NOAAS National Geophysical Data Center will
contribute approximately 11 of these—about 600 Mbytes-
including the Normalized Difference Vegetation Indices
from April 1985 to December 1988 which were derived from
the NOAA AVHRR, ecosystems, elevations, and bathymetry
data. NOAA made available a prototype version of these
data, with detailed documentation, to CCRS in August 1991
on a CD-ROM of global databases.

». GLOBAL CHANGE ATLAS (GCA)

The Global Change Atlas will, in part, be a printed version
of the Global Change Encyclopedia. This will be sup-
plemented by higher resolution images of "Global Change"
phenomenon supplied by SAFISY members. The GCA will
be published in the languages of SAFISY member countries.

NOAAi National Climatic Data Center has been discussing
with the leader of the GCA project his requirement for 1-km
global imagery that was used in the National Geographic
magazine's continental mosaics. NOAA is investigating how
to make copies of those earlier data sets searches available
for the GCA project.

9. GLOBAL CHANGE VIDEO (GCV)

NOAAs National Climatic Data Center has provided
approximately 1730 scenes in support of the Video Project-
about one year of mapped GAC imagery at four images per
day—or about 300 tapes. Approximately 60 more scenes will
be provided after selection.

10. EARTH SCIENCE IN EDUCATION

NOAAs ISY initiatives are keyed to environmental satellites
operated by the United States and other countries, and new
methods of data storage, retrieval and display. The agency's
plans for ISY include: leading an international effort to
develop a directory for Earth observation in education,
contributing laser optical techniques in data storage and
handling to an ISY project examining new applications of
textbooks and electronic systems for science education; and
sharing data sets on global change phenomena in developing
an international set of resource materials for science
teachers. In addition, NOAA will participate in the 1992
Special Opportunities for Aerospace Resources (SOAR)
Conference sponsored by the U.S. National Science Teachers
Association.

11. UNITED NATIONS - ISY INITIATIVES

NOAA, NASA, and USGS are cooperating with the United
Nations Outer Space Affairs Division in producing these
activities for ISY:

11.1 International Training Course on Remote Sensing
Applications for Environmental Assessment and Monitoring

The U.S. Geological Survey hosted this course from Septem-
ber 9 to October 4,1991, at Sioux Falls, South Dakota. The
objective of this course was to provide practical training for
participants from developing countries in the processing and
applying satellite and other types of spatial data for environ-
mental assessment and monitoring, with particular emphasis
on land processes. Twenty-four participants from Africa,
Asia, Latin America, The Middle East, Pacific region, and

Eastern Europe attended, with backgrounds in forestry,
surveying/mapping, drought monitoring, geology, hydrology,
land management, and physics. NGDC demonstrated the
NGDC Global Change Data Base CD-ROM project; NCDC
and Satellite Research Laboratory lectured on Climatology
Applications. The Sioux Falls NWS Weather Service
Forecast Office (WSFO) provided a weather briefing as well.

11.2 International Conference on Satellite Remote Sensing
for Resource Management. Environmental Assessment and
Global Change Studies

This course, focused on the needs and applications of
developing countries, will be held from August 17 to 19,
1992, in Boulder, Colorado. Registration will be open to
international and U.S. participants, estimated to be about
200. Tours of NGDC/WDC-A facilities will be included.
The MFSDIS Deputy Assistant Administrator for Environ-
mental Information Services will moderate a panel on
existing data sources to meet user needs, with participation
by NGDC, NCDC, and NODC staff.

13. A CELEBRATION OF INTERNATIONAL SIHCE
YEAR

The 29th Meeting of the Scientific and Technical Subcom-
mittee of the United Nations Committee on the Peaceful
Uses of Outer Space (COPUOS) opened on February 24,
1992, with a special program celebrating the 1992 Inter-
national Space Year. The Chairman of the Space Agency
Forum for the International Space Year (SAFISY) ad-
dressed delegates on the goals and activities of member
agencies. Space agency leaders from Europe, Brazil, India,
Japan and the United States described their involvement in
SAFISY and other space activities. A special scientific and
technical symposium on "Space Technology and the Earthfe
Environment" co-sponsored by the Committee on Space
Research (COSPAR) and the International Aeronautical
Federation (IAF) included a presentation on "Is the Earth
Warming?" by the Chief of the Global Climate Laboratory
at NOAAs National Climatic Data Center. The Chairman
of COSPAR's Interdisciplinary Scientific Commission on
Space Studies of the Earth's Surface who is also Chief of
NOAAs Satellite Research Laboratory served as co-chair of
this symposium.

14. U.N. EXHIBITION: THE HOME PLANET*

NOAAs National Climatic Data Center has provided
approximately 70 images to the organizer of "The Home
Planet" UN. Exhibition, scheduled for June-September 1992.
NOAA also provided the organizer with access to NOAA
imagery and facilities resulting in the selection and photo-
copying of several hundred images for this exhibition.

IS. SUMMARY

NOAA, the oceanic and atmospheric agency for the United
States, believes that its collaboration with other agencies
and countries in the ISY scientific and educational projects
described above, during the ISY and beyond, will contribute
toward the ISY objective of space cooperation for a better
understanding of our Planet Earth.

^ À
V \
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GERMAN CONTRIBUTIONS TO THE INTERATIONAL SPACE YEAR ISY 1992
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ABSTRACT

Within the framework of the ISY theme "Mission to Planet
Earth" a series of activities has been initiated in Germany,
A number of ISY projects are presented which serve KS an
example for application of data from Earth observing satel-
lites in landuse research and educational acitivites. Some
management experiences made during the attempt of en-
gaging the scientific community to ISY are discussed

Keywords:
ISY project structure, German contributions to ISY.

One of the results of the Planning Conference for the Inter-
national Space Year (ISY) in Durham, N.H. April 29 - May
1 1988 was the issue of a number of recommendations con-
cerning the coordination of the accessiblity and application
of the increasing stream of data from Earth observing space-
craft. Referring to the ISY "Mission to Planet Earth" theme
(Ref 1) the following three recommendations play a major
(but not exclusive) role in Germany's ISY engagement

- Potential benefits of data from Earth observing satel-
lites should be proven in sharpely defined pilot projects

- Educational activities should be a major ISY compo-
nent.

- availability of global and world wide comparable data
sets.

!n order to initiate globaly applicable procedures for collect-
ing and dissiminating Earth observation data and to support
training aspects SAFISY structured the proposed projects
and assigned them to the the Panels of Experts on

- Earth Science and Technology

- Applications and Education

- Space Science

Figure 1 lists the ISY projects that were defined for panel
1. To each of them Germany makes contributions. Those
projects marked by bold letters indicate contributions which
serve as good examples for international cooperation and
for coordination of ministries, federal institutions, research
institutes and universities respectively. These projects will be
described in more detail below.

In figure 2 panel 2 projects are listed. Again German contri-
butions are emphasized and will be dealt with in more detail
below.

Within the framework of the Polar Ice Extent project (Ref
2) 17 scientific institutions (among them 6 are from Germa-
ny) collaborate to provide a satellite data set of seasonal
change of Arctic and Antarctic sea-ice extent and large scale
motion of ice. In addition to this large scale international
project a demonstration of real time ice monitoring in differ-
ent sea areas using ERS-I data sets is performed to prove
the eminent usefulness of satellite imagery for merchant
shipping. In this relatively small project three institutes work
together:

- Federal Maritime and Hydrographie Agency Hamburg

(BSH)
- Finnish Institute of Marine Research/Technical Re-

search Centre of Finland, Helsinki (FIMR/UTT)
- Nansen Remote Sensing Center, Bergen (NRSC)

The following objectives have been defined:

- digital data transmission over large distances
- construction of a digital image distribution system from

ice services to ships
- test usefulness of ERS-I SAR data in operational ice

mapping
- investigate combination of SAR data with other
- extent demonstration to other regions

First results have been presented by Dr. Striibing, BSH dur-
ing this conference (See respective session)

Within the SAFISY project World Forest Watch and with
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Pantl of Expert» on Earth Selene» and Technology

Spa» DaU for GlotMl Chang* ( WG 1 )

Global Consequences of Landcover Change

Enhanced Greenhouse Eftect Detection Experimen

Ocean Variability and Climate

Polar Stratospheric Ozone Project

Productivity ol the Global Ocean

World Forest Watch

Global Sea Surface Temperature

Polar lea Extant

Space and Desasier Prevention
Preparedness and Relie!

Global Satellite Image Mapping

Global Change Outreach ( WG 2 )

Global Change Encyclopedia

Global Change Alias

Global Change Video

Contributions

Pr oductH. i ol colorcoded NWP- dined Difference Vegetation index. NDVl
maps tor jach month of ihr growing season ( March - Sept. )

Analysis of time '«nation of geopotential and temperature at 30 mb level.Corr-
elation of atmospheric parameters to anthropogenic induced greenhouse effects.

Assimilation of data from scatterometeraltimeter, and SAR instruments Io
investigate global wave and ocean atmosphere interaction models.

Improvement of understanding the changes In polar stratospheric ozone

Calculation of primary production ol the ocean ( phytoplankton )

Contributions of high resolution satellite rerr -ie sensing to monitoting forests

Global mapping ol sea surface temperature. Investigation of skin versus bulk
température

Real time Ice monitoring Global Arctic and Antarctic brightness temperature Ice
transport. Sea ice modelling, integration ot data sets

Use of satellite data ID monitor natural disasters and to manage and coordinate
relief activities. Provid* data sets for prevention.

Creation ol a digital saleHit» image data base, covering different climate
zones, landscapes, and land use

Distribution of global, regional, and local data sets (most derived Irom remote
sensing) to document global change phenomena,

intelligent satellite image information system lor ecological mapping
Production at vafue added products.

Use of remote sensing data for computer generated video animations of global
change phenomena. Rise public awareness through modern media.

Figure 1. Contributions to the Panel of Experts on Sapce Science and Technology

Panel of Experts on Education and Applications

Training In Remote Sensing Applications ( Theme A ;

Vegetation Resources;
Monitoring and Management ( WG 1 )

Natural Hazards ( WG 2 )

Urban and Environmental Planning ( WG 3 J

Space and Education ( Theme B )

Earth Observation In Education ( WG 4 )

Space Science In Education (WGS)

Space Communications in Education ( WQ 6 )

Contributions

Project 1. Monitoring desertification in Patagonia. Argentina using satellite daia
lor sustainable environmental management

Project ZiTrainingprogramme in remote sensing application for vegetation
resources monitoring and management in Zimbabwe

Update urban maps by space imagery

Project 1: Satellite image processing for environmental applications

Project 2; Advanced seminars in remote sensing

Project 3: Lecture book on SAR geocodmg

Projtct 4: Space imagery for high schools and universities

Project 5: Application of remote sensing and GIS in environmental and
natural resource management and monitoring

Projtct 6: Space image atlas of Germany scale 1 . 200 000 on the base of
geocoded Landsat TM image data

Project 7: EUREKA Project. Development of low priced electronic equipment
and software tor interactive training of students

EUROAVIA design workshop involving students Irom space engineering and
expierenced space engineers

Establishment of a worldwide hot communication line between schools making
use of low cost satellites in low earth orbit

Figure 2. Contributions to the Panel of Experts on Education and Applications

support of FAO, UNEP and CEC the European Experi-
ment: 'Large Area Operational Experiment for Forest Dam-
age Monitoring in Europe Using Satellite Remote Sensing'
(Ref 3) is in the state of definition and first steps into realiza-
tion habe been taken. The main objectives are:

- Satellite assessment of the current state of forest health

using Landsat TM and MSS. SPOT KFA 1000, and aerial
photography
- Multitemporal analysis of satellite data
- Ground assessment of damage using optical instruments

(spectrometer, radiometer)

The project is planned to be carried out from 1992 to 1995
with contributions from Czechoslovakia, Poland, Ger-
many. The coordination group will be headed by UNEP-
GRID, Geneva.
Definitely selected test areas are:

- Harz Mountains
- Erzgebirge
- Bohemian Forest
- Sudety mountains

The project will be implemented in a framework geographi-
cally large enough to simulate Europtanwide operationel
applications of the methods proposed. The total area of test
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Global Chang» Outreach Media Intern...
- Interdependences -

Global Change Encyclopedia

Global Change Atlas

Figure 3. Global Change Video

sites is large enough to give experience in handling very large
da ta sets. The oufc jtne of tee project may serve as an exam-
ple tor inventory work in similar problem areas in the world.
Cooperation between the administrations of the respective
federal states and the German Space Agency DARA of the
German part of the project is presently under negotiation.

The G lobal Outreach programme (Fig 3) Currently has three
components, the Global Change Atlas, a book publishing
project led by Austria, the Global Change encyclopaedia, an
electronic publishing project led by Canada and the Global
Change Video project which will demonstrate the important
role that a continuous programme of global monitoring
from spaceborne platforms has and which will contribute to
our ur derstanding of Global Change. It will use world-lead-
ing techniques in automated image understanding and com-
puter animation developed in the UK coupled with the ad-
vanced processing systems developed for remote sensing
data in Germany.

Recent advances in the UK in three-dimensional terrain ex-
traction and dynamic visualisation of terrain using satellite
data in flight simulations will be used to travel from one part
of the globe to another. Perspective views, shown in three
dimensions, will be used with photo-realistic colourisation
to fly around areas where global change has been detected
from space. Analogies will be drawn between terrestrial sat-
ellite images and inter-planetary fly-by observations of the
radiative state of the surface and atmospere.

The application of computer animation and automated ima-
ge understanding to remote sensing has been pioneered in
Europe by a group at University College London over the
last five years. The German Remote Sensing Data Centre
(DFD) at DLR Oberpfaffenhofcn near Munich is a leading
centre in Europe for the large-scale processing and analysis
of terrestrial remote sensing data.

The Global Change Video will demonstrate the potential of
remote sensing to monitor global change and will pave the
way to how scientific information can be used to reach a

global audience using synergistic comb/nations of television
and computer animation.

German contributions to Panel 2 cover a wide field of activi-
ties and range from training in developing countries to de-
signing a small spacecraft with scientific payload (Ulysses
Reference Mission)

This paper presents two initiatives which serve as a model
how to introduce on a high level satellite data reception and
remote sensing education into highschools.

Within the first pilot project called 'BonnSat' (Ref 4) it is
planned to equip the participating highschools with satellite
receiving units to aquire data from METEOSAT and NOAA
satellites. In order to compare the performance the equi-
ment will be purchased from diffent manufacturers. Such a
receiving station will serve besides the production of image
products as a means to give students a deeper understanding
of

- electromagnetic wave distribution
- electromagnetic spectrum (visible to radiofrequencies)
- meteorological phenomena
- climatology, ecology

Finally the participating high schools plan to exchange expe-
rience on this new medium of satellite data reception, and
publish their experience for broader use.
The second pilot project is placed more on the application
side of processed satellite images and will have 'Remote
Sensing in German High School Education' as an objective.
The participating schools will get sets of different satellite
data files, a special remote sensing software package on a PC
and accompaning instruction material. The project will fit
into the learning schedules for geoscience, biology and phys-
ics and will be supplemented by training of school teachers
on specific problems.

This project sees the cooperation of the Federal Ministery
of Education and Science, the German Space Agency
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DARA. the private Company GEOSPACE and the German
Aerospace Research Establishment DLR.

During the preparation of Germanys contributions and en-
gagement to ISY some specific management problems had
to be coped with.

After the decision of the Federal Ministery of Research and
Technology (BMFT) to participate at ISY'92 DLR was asked
in early '88 to take over the function of a bureau because at
that point of time a German Space Agency was not yet es-
tablished. With support of BMFT the DLR began to ask the
German science community for possible contributions to
ISY under the premise that no additional costs shall result
except minor expenditures (travel costs, data acquisition
etc).

A certain handicap the bureau run into was that the DLR
was not in the same position as the financing authority and
therefore the due emphasis to the enquiry could not be es-
tablished.

Next were objections doubting in general whether another
international initiative makes sense with reference to al-
ready existing international cooperative programms like
IGBP, MAP (Middle Atmosphere Programme), MAB (Man
and the Biospere Programme).

After DARA entered into full responsibility these prob-
lems eased. Meanwhile the attitude of a number of scientists
concerning ISY has changed and is supported by most of the
German participants. In some fields of research it was real-
ized that ISY stimulated further multilateral linking of na-
tional global change programs. Today considerations are un-
der way how to continue ISY activities in education and
applications beyond 1992 possibly on a different basis.
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THE SWEDISH ISY PRCMECTS - A JOINT NATIONAL CONTRIBUTION

H. Ôsterlund, Â. Rosenqviat

Swedish Space Corporation, Solna, Sweden

ABSTRACT

The Swedish contribution in the celebration of the
International Space Year has materialized in an active
participation in the World Forest Watch project of the
Earth Science and Technology panel but also in the
Training in Remote Sensing Applications programme
within the panel Education and Applications.

The Swedish World Forest Watch contributions have
been formed under the theme of "Remote Sensing for
Forest Management". The projects comprise a wide range
of forest and forestry remote sensing applications using
different technical approaches.

Keywords: Swedish ISY activities, remote sensing, forest
management.

1. BACKGROUND

During the planning of the project World Forest Watch
(WFW), under the panel of Earth Science and
Technology, a Swedish participation was discussed
within the Swedish National Space Board (SNSB). After
the initial international planning of the global WFW
project contributions, the idea grew steadily that
Sweden, having well recognised scientific as well as
practical experiences in the field of forest and forestry
applications of remote sensing, should contribute to this
project.

With a good knowledge of the domestic activities in this
field, SSC gathered the research community with in
house experts of forest applications, to outline a Swedish
WFW contribution. It was mutually agreed upon to form
this contribution under the theme "Remote Sensing for
Forest Management". The projects represent a spectrum
of remote sensing applications with the aim of increasing
forestry planning and productivity or of surveying
deforestation and forest damages. They show techniques
from visual interpretation to advanced digital
segmentation, applications for individual forest stands as
well as entire nations from boreal Sweden to the arid
Sudan.

By this approach it was thought that planned and
ongoing activities could be extended, results to be
published and displayed at several occasions, but also to
inform a wider audience about the potential of remote
sensing for sustainable management of forest resources.

2. ORGANISATION

After the decision by SNSB to support the Swedish WFW
initiative, the planning and undertaking of the
subprojects emerged in the late spring of 1990. The
coordination of the eight WFW projects was ensured by
establishing a Swedish ISY Coordinator (SISYC),
undertaken by SSC. The task of SISYC was to
materialize the outreach of the joint effort and to
accomplish this in cooperation with the Swedish remote
sensing community.

The projects included are undertaken by Swedish remote
sensing research laboratories and SSC and are financed
by SNSB. Presentations of the projects are summarized
below.

A GIS/Remote Sensing Workstation for the Updating and
Revision of Forest Maps

At the Faculty of Forestry, Swedish University of
Agricultural Sciences, an integrated method has been
developed that uses old map information and tabular
data for the production of new forest information. The
existing digital map data is edited interactively with new
satellite imagery displayed on the monitor. Quantitative
estimates of stand variables are derived from the
reflectance properties of each stand. These estimates are
statistically combined with tabular and ancillary data to
produce new composite estimates with higher precision.
Map regions still requiring additional refinement of
delineation or estimation accuracy are surveyed and the
new field inventory data incorporated in the estimates.

The estimated costs using this new method are about
half as compared to conventional ocular field inventories.
The developed GIS/workstation software can be
implemented on a 386-PC.

Proceedings of the Central Symposium ol the 'International Space fear' Conference, Held in Munich. Germany, 30 March-4
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Change Detection of Foret't Stands

Two method* for change detection of forest stands have
been studied at the Faculty of Forestry, Swedish
University of Agricultural Sciences. In the first method -
visual interpretation of change imagery - the difference

images from two SPOT P and Landsat TM band 7,
respectively, are interpreted. The study showed that all
clear felled areas and all soil scarification are possible to
interpret. Cleanings and thinnings can be delineated, but
require field knowledge for identification.

In a more authomized method - region based change
classification - the compartments in the forest maps are
divided into smaller regions of spectral homogeneity.
This is automatically done based on the change image
and the late satellite image. The regions are then
classified in change classes. Using Landsat TM bands 5
and 7, all clear felled areas and soil scarification could be
classified. Two thirds of the cleanings and thinnings
were correctly classified.

Forest Management Planning with the Aid of GIS and
Integrated Satellite Data

Interactive digitization of satellite data with a GIS is a
cost effective method adopted by SSC primarily for forest
management planning. Merging SPOT Panchromatic
data with multispectral data ensures the resolution
needed for forestry applications. The multispectral data
often used is Landsat TM, bands 4, 5 and 3. Digital
cadastral maps and aerial photos can be incorporated to
map features not interprétable in the satellite imagery,
i.e. property lines or swamps. Contour lines can also be
included to improve the basis for planning. The
compartments are delineated and a preliminary forest
map is produced in the traditional scale 1:10 000 to
serve in forest inventory field work. Based on the field
work, the map is revised.

The maps can be used for forest management planning
but also for planning of specific operations such as
fertilization and cleaning.

Forest Decline Monitoring Us'ng Landsat TM. Digital
Forest Maps and Elevation Models

The use of satellite data for forest decline assessment is
often complicated by terrain effects and stand
characteristics, e.g. species composition and density. The
effects were studied by the Swedish Environmental
Research Institute.

Landsat TM late summer imagery give a clear indication
on spruce defoliation. Analysis showed that low
variations in slope gradients, hardwood component, pine
component and slope gradients have effect on the
defoliation estimation.

As no band rationing can compensate the terrain effect,
a spruce defoliation model incorporating elevation model
data, was developed. It uses slope/aspect data from the
DTM and digital forest maps to account for terrain and
compartment characteristics. Evaluation showed the
model feasible to separate the defoliation into two
classes; more than and less than 20% needle loss,
respectively.

Swedish Forest Information Atlaa

The Swedish Space Corporation (SSC) has undertaken a
national land use and vegetation cover classification
during one year. 46 LANDSAT TM scenes and 12 SPOT
XS scenes were geocoded to the Swedish National Grid.
900 digital map files (50m pixelsize) showing 13
vegetation cover and land use classes were produced.
These were merged and filtered to 500 m pixelsize to
give the resulting image showing proportions of forest
cover.

The legend of the atlas comprise three forest classes -
open and closed coniferous, deciduous - together with
water, urban and open areas. Additional cartographic
elements will be superimposed on the classification. The
atlas will be produced both as printed maps and in
digital format with a proposed pixelsize of 50Om.

Tropical Forest Monitoring with High Resolution
Satellite Data

The project was accomplished by SSC and the Swedish
Faculty of Forestry in co-operation with FAO to develop
operational methods for a continuous tropical forest
monitoring. The methodology was tested and evaluated
for the Chiang Rai province in northern Thailand.

Digitally enhanced multi-date Landsat color hardcopies
were interpreted. A point sampling design was used to
estimate forest area cover. Aerial photograps were used
as reference data to evaluate interpretation accuracy and
to calibrate area estimates. The deforestation was
calculated and showed that forest had decreased to 2/3
of its former area in 13 years.

The interpretations were digitized for further analysis.
From these maps, yearly spatial distributions were
interpolated to demonstrate the deforestation process in
an animated video.

Deforestation in African Drylands - Assessment of
Changes in Woody Vegetation in Semi Arid Sudan

The changes of woody vegetation in terms of areal extent
and woody resources in the western Sudan 1973-'87 have
been studied by the Department of Physical Geography,
University of Lund. Wood resources were quantified
using the normalized vegetation index and irrigated and
mechanized rainfed agriculture was manually delineated.
Maps were produced that show the extent of wooded
areas and agriculture.

The study concludes that the threat to woodlands and
forest resources comes from the expansion of rainfed
mechanized agriculture. The extent of woodlands varies
with climatic fluctuations and is more threatened by
expansion of large agricultural schemes than by domestic
use of fuel wood.



Remote Sensing Education for Educators in Sweden 1992

In support of the United Nations program for creation of
indigenous capabilities of space science and technology
in developing countries, Sweden is giving a five-weeks
course in remote sensing techniques and usage in June
1992. The course is aimed at university teachers and is
open for participants from Africa, South-East Asia and
South America. The course is organised by the
Department of Physical Geography, University of
Stockholm and SSC Satellitbild.

Under the 'Training in Remote Sensing Applications
programme within the panel of Education and
Applications, the course will be partly focused on forest
and forestry applications,
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a ACTIVITIES

Presentations are given at domestic and international
conferences, exhibitions and workshops in oral and
poster sessions. For this purpose a joint mobile
exhibition, giving an overview of the different
contributions, has been produced.

Also, actions are being taken to distribute the ISY idea
through media. Contacts are taken with radio and
television broadcasting companies for participation in
programmes with an environmental, scientific or
technical profile. Daily newspapers receive press
releases. Technical and scientific periodic journals are
receiving project information and press material.

Schools receive information about the Swedish activities
in the field of remote sensing for forest monitoring and
can have access to the material produced. Sweden also
participates in the joint production and distribution of a
Nordic brochure covering remote sensing activities in the
four countries. For two years, a bus-born exhibition will
tour Sweden, starting in the autumn of 1992.

Major events during 1992 in which the Swedish ISY
contribution is planned to be or have been presented
include the following:

• Skogsveckan, Stockholm, Sweden
• Inventory of the forest environment, Umeâ, Sweden
• European ISY Conference, Munich, Germany
• Kartdagarna, Gavle, Sweden
• World Forest Watch Conference, Sâo José dos Campos,

Brazil
• ISPRS Congress, Washington D. C., USA
• World Space Congress, Washington D. C., USA
• Asia Pacific ISY Conference, Tokyo, Japan.

- \
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OCEAN COLOUR PROGRAMMES FORTHE EUROPEAN MARINE ENVIRONMENT

V. Baralei, P. Schlittenhardf, and L. Fusco*

1 Institute for Remote Sensing Applications, Joint Research Center of the CEC, lspra (VA), Italy
2 Earthnet Programme Office, ESA ESRIN, Frascati (Rome), Italy

ABSTRACT

The potential of optical remote sensing for providing
novel information on biological, geochemical and
physical processes of the sea has been shown by the
Coastal Zone Color Scanner (CZCS) experiment,
conducted from late 1978 to early 1986. The Ocean
Colour European Archive Network (OCEAN) Project
was set up with the aim of generating an European
ocean color data base based on historical CZCS
scenes; of promoting its use in an Application
Demonstration Programme for regions of European
interest; and last, but not least, of developing in
Europe a 'network' of scientific groups and facilities
in support of current research activities aH future
missions. Also, the Project was ment to contribute to
the 'Productivity of the Global Ocean' Activity of the
International Space Year 1992. The continuation of
such activities, using the experience gained in the
OCEAN Project, will allow to take advantage of the
upcoming Sea-viewing Wide-Field-of-view Sensor
(SeaWIFS) mission, and to prepare for the Medium
Resolution Imaging Spectrometer (MERIS) mission
planned for the end of this decade. These objectives
will be pursued through a initiative on Ocean Colour
Techniques for Observation, Processing and
Utilization Systems (OCTOPUS). Such Programme
should support in situ work, aimed at assessing the
unique conditions and special cases offered by
European Seas. It should foster local studies of the
marine environment in Europe, of interest per se and
as significant components of global phenomena. It
should allow the exploitation of ocean colour and
other kinds of concurrent data (e.g. sea surface
temperature and roughness) from complementary
space missions, contributing to large data systems
being developed -in Europe and elsewhere- for
environmental monitoring.

Keywords: ocean colour, marine environment,
OCEAN Project, OCTOPUS Programme.

1. INTRODUCTION

The use of optical remote sensing for the assessment
of marine environmental properties has been steady
growing, in the recent past, both in the amount and
scale of applications as well as in the refinement of
methods and techniques. This is due, in large
measure, to the great potential of ocean colour data
for providing information on biological, geochemical
and physical processes of the sea. Such outstanding
capabilities contributed to the success of the Coastal
Zone Color Scanner (CZCS) experiment, which
collected a unique ocean colour data set from late
1978 to early 1986 (Ref.s 1 and 2). More recently,
even though the exploitation of CZCS data is still far
from complete, a growing demand for real time data,
and long time series of data as well, has determined
the concretization of new ocean colour missions
planned by the major space agencies (i.e. the Sea-
viewing Wide-Field-of-view Sensor (SeaWIFS), in
1993; the Ocean Colour and Temperature Scanner
(OCTS), in 1995; the Medium Resolution Imaging
Spectrometer (MERIS) as well as the Moderate
Resolution Imaging Spectrometer (MODIS), towards
the end of this decade).

In order to capitalize on these developments, the
Ocean Colour European Archive Network (OCEAN)
Project was set up by the Commission of the
European Communities (CEC) and the European
Space Agency (ESA), with a series of overlapping,
progressive goals destined to develop in the next few
years (Ref.s 3 and 4). The most immediate goal was
the generation of a data base of bio-optical
information on the marine environment, derived from
the historical data originated by the CZCS
experiment. In addition, a consequent objective was
that of promoting the use of ocean colour data in an
Application Demonstration Programme devoted to
marine regions of European interest, and up to global
scales if feasible. Last, but not least, however, there
was also the long term goal of developing a 'network'
(hence the name oi the Project) of institutions,

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 1992
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facilities, competences, and ultimately of people -in
essence the backbone of .in operational ground
segment- capable of supporting, and exploiting, in
Europe future ocean colour missions. A number of
application demonstration projects (concerning the
northern Atlantic Ocean and north-west African
upwelling area, the Méditerranée- Sea and adiacent
basins, the North and Baltic Seas) hr,s been selected,
through an Announcement of Opportunity, to
maximize the use of ocean colour data (Fig. 1). All
the spécifie topics addressed by the projects
converge onto the assessment of phytoplankton
distribution, possibly production, over entire basins,
and of the space/time heterogeneity which results
from a variable forcing (Réf. 5). This task is a
contribution to the 'Productivity of the Global Ocean'
Activity of the International Space Year 1992, which
should lead to assessments of total primary
productivity, and of the impact of various
environmental factors upon local production.

The continuation of such activities, using the
experience gained in the OCEAN Project, is also
planned to support the upcoming SeaWiFS, and later
OCTS and MERIS missions. The exploitation of these
new instruments will be pursued through a initiative
on Ocean Colour Techniques for Observation,
Processing and Utilization Systems (OCTOPUS). Such
Programme should support in situ work, aimed at
assessing the unique conditions (e.g. optical
properties, particular scales, specific calibrations and
algorithms needed) and special cases (e.g. marginal
basins surrounded by highly developed countries)
offered by European Seas. It should foster local
studies (e.g. modeling) of the marine environment in
Europe, of interest per se and as significant
components of global phenomena. It should exploit
ocean colour and other kinds of concurrent data (e.g.
sea surface temperature and roughness) from
complementary space missions, contributing to large
data systems being developed -in Europe and
elsewhere- for environmental monitoring. Finally, it
must be stressed that the OCTOPUS Programme
envisioned here is focused not only on the availability
of SeaWiFS. In due time, as detailed below, it should
be expanded to include additional instruments and
experiences, in a continuous development of ocean
colour programmes for the European marine
environment.

2. GOALS OF THE EUROPEAN PROGRAMME

The general idea behind an European ocean colour
Programme is that of a joint effort for the full
exploitation of the opportunities offered by the
SeaWiFS mission for monitoring the marine
environment, and of the experience and
competences gained in Europe through the OCEAN
Project. By approaching the coordination task at hand
from an European point of view, the Programme

Figure 1. Marine basins of European interest covered
by the OCEAN Project.

intends to maximize the scientific benefits of the
investements made in optical remote sensing of the
sea (see, e.g., Réf. 6). In particular, it is felt that the
following points speak decisively in favor of the
envisaged Programme.

The Programme will allow the generation of a
unique Archive of environmental data on the
European Seas, including both Global Area Coverage
(GAC, low resolution, 4 km spaced pixels) data and,
in particular, the Local Area Coverage (LAC, high
resolution, 1 km spaced pixels) data. The realization
of a complete, well documented, easily accessible
archive of high resolution SeaWiFS data on marine
regions of European interest would be achieved
through the impiementation of a framework
agreement between the ESA, the /oint Research
Centre ORC) of the CEC and individual European
research groups. The receiving stations supported by
the ESA would provide the capability of collecting the
data. These could then be processed and integrated
in the scientific framework developed by the JRC of
the CEC for the OCEAN Project. The sistematic
gathering of new ocean colour data will provide the
means to conduct local studies of the marine
environment in Europe, of interest per se and as
significant components of global phenomena. This
implies not only the availability of the low resolution
GAC data, through the centralised SeaWiFS data
distribution scheme, for scientific application, but
also the direct reception of the high resolution LAC
data over the regions of European concern (since
these data cannot be collected and stored onboard
for later transmissions, and therefore would be lost if
not recorded by the European stations in real time).
Besides complementing the Third Parties Mission
programme of the ESA (which includes handling of
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past and active missions such as those of SEASAT,
NIMBUS-7, the AVHRR carrying satellites, MOS, etc.)
and the ERS-1 endeavour, the exploitation of the
SeaWiFS mission, as a precursor to the development
of MERIS, will be important for preparing the MERIS
science utilization programme.

Moreover, as anticipated above, the direct
availability of real time LAC data will give support to
in situ work, aimed at assessing the unique
conditions (e.g. marine optical characteristics, at
particular scales, requiring particular analysis
algorithms) and special cases (e.g. marginal basins
surrounded by highly developed countries) offered
by European Seas. The same kind of data would also
be available for continuous monitoring, operational,
or commercial initiatives. A proper use of ocean
colour derived bio-geo-chemical information,
together with other complementing kinds of
concurrent data, e.g. sea surface temperature (from
AVHRR, but also ATSR) and roughness (from various
ERS-I sensors), will add new dimensions to many
research programmes and open new posibilities for
the scientific exploration of the sea. And the
availability of new, more advanced, value-added
geophysical data will provide a substantial
contribution to larger data systems being developed -
in Europe and elsewhere- for environmental
monitoring (e.g. the Global Environmental Data
Network, under joint development by ESA and CEC).
Finally, at the national level, the realization of
complete European archives would allow the
prosecution of current research efforts, or the
establishment of new ones, contributing to the
SeaWiFS mission with ad hoc work on regional seas,
calibration and validation sites and campaigns,
development of special algorithms, data assimilation
in numerical models, etc.

3. COMPONENTS OF THE OCTOPUS PROGRAMME

As stated above, in the present phase the OCTOPUS
Programme is centered on the utilization of the
scientific tools developed within the OCEAN
Programme and on the availability of SeaWiFS data.
The Programme integrates three main components,
devoted respectively to: data acquisition, archival and
distribution (ESA task), data processing, scientific
analysis and coordination of research efforts (JRC
task), research activities to be conducted in various
European Institutions.

3.1 Information System

The first component to the present Programme is
provided by the ESA, and is devoted to the issues of
data collection, archival and distribution, including
various user services and interfaces with other
activities, agencies and missions. The ESA SeaWiFS
data management system would be based on a
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Earthnet-coordinated network, which includes
operational acquisition stations and processing
facilities located at different sites in Europe, Africa,
Latin America, southeast Asia and Antartica. The
coordination of data acquisition, pre-processing,
archiving, cataloguing, distributing, and user service
activities is performed by the Earthnet Programme
Office, located in Frascati, Italy. All network facilities
have compatible hardware configurations for
receiving and processing HRPT data. The following
sections provide details on the Data Information
System envisioned for the present Programme, in
order to set up an European SeaWiFS Reference
Archive.

The group of SeaWiFS acquisition stations could
potentially include stations covering European waters,
understandably with high priority of interest, as well
as other stations included in the Earthnet-coordinated
network, covering areas of interest for European (and
other) users worldwide. All of the above stations
operate (or will in the near future operate) an ESA-
provided HRPT processing software system. These
stations will be outfitted to assure SeaWiFS
acquisiton functions, while a selected subset shall
also have the capability to process SeaWiFS data as
requested by the international user community. In
other words, the SeaWiFS data -which have potential
commercial value, if available in real time- could be
encrypted by means of a system not affecting the
possibility to acquire and transcribe data on a media
(e.g. tapes or cassettes) which could then be red at
any authorized SeaWiFS processing site. This would
imply the development of a standard SeaWiFS pre-
processing package to be installed and operated at
all stations. As for the network coordination, it is
assumed that the Earthnet facility would be
responsible for the centralized European Reference
Archive of SeaWiFS data acquired at Earthnet stations
and/or of interest for the European user community.
The same facility would also provide a centralized
catalogue and relative browse products from SeaWiFS
data acquired at Earthnet stations, plus a worldwide
user community interface for the same SeaWiFS data
acquired at Earthnet stations (for pre-processed data
products, or for 'standard', fully processed, scientific
products).

Experience has shown that the generation of
geophysical products from instruments such as CZCS
and AVHRR needs to meet the consensus of the
international scientific user community. The
OCTOPUS Programme will be responsible for
defining the appropriate algorithms for high level
products to meet European requirements (see the
following OCTOPUS Science Support section).
Therefore, if agreed with the European science
community, the participating stations will be
equipped to generate 'standard' value-added
products - by means of the newlydeveloped
processing tools, and with the scientific coordination,
under the responsibility of the JRC of the CEC.
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3.2 Science Support

A second component of the Programme, provided by
the CEC, is based on the role to be played by the
Institute for Remote Sensing Applications (IRSA) at
the JRC, as a scientific coordinator in the
establishment of special working groups, in the
development of ad hoc data processing algorithms,
and in the realization of application demonstration
projects (continuing on the track of the OCEAN
endeavour). This part of the Programme, therefore,
concerns the consolidation of the scientific issues of
an European SeaWiFS Programme, based on the
results obtained by the OCEAN Project, and with the
aim of exploiting the ocean colour know-how
accumulated at IRSA since the early times of the
CZCS experiment. Furthermore, it is considered as
the forerunner, and possibly the foundation, of the
major research effort which will be required for the
implementation of the MERIS European mission.

Through the collaboration between IRSA,
supported by DC Xl of the CEC, and Earthnet
Programme Office of ESA, work has been carried out
for the creation of full resolution CZCS archives,
including both raw and value-added data, and for the
parallel definition, realization and implementation of
the software tools needed to produce geocoded time
series, large scale composites and statistics of
environmental parameters derived from ocean colour.
Selected data sets are being developed, by means of
such archives, for use by a score of application
projects. This work is being carried out also in light of
future plans to continue the supply of ocean colour
information. The main applications considered so far
include the generation of thematic maps of various
marine regions describing water constituents (e.g.
biomass indeces, total supended matter, etc.)
concentration and distribution, near coastal and open
sea processes and exchanges, dynamical features of
the marine surface layers.

With regard to the environmental application of
optical observation techniques, the first results of the
OCEAN Project do confirm that the real wealth of
information delivered by océanographie remote
sensing is to be found in the long-term, large-scale
monitoring of interacting bio-geo-chemical and
physical processes of the sea. This means that unique
opportunities are offered by the capabilities, now
under development, of translating crude remotely
sensed data into value-added realizations of
environmental parameters of importance in the sea -
and of generating synoptic, repetitive, statistically
significant time series of composite images
describing the variations of such parameters in time,
over entire basins. The retrieval of sensible
environmental parameters from ocean colour
assessments depends essentially on the
understanding of in-water optical properties, and of
atmospheric contributions to the remotely sensed
signal (Réf. 7). While considerable progress has been

made on the topic of atmospheric radiative transfer,
further studies are needed to explore ocean optics,
expecially for what nearcoastal waters (or, in general,
waters not optically dominated by plankton alone)
are concerned. It is in such waters, in fact, that most
human activities take place, that most of the
resources to be exploited concentrate, and that most
dramatic are the dangers connected with
environmental pollution.

In the next few years, looking beyond the
lifetime of the OCEAN Project, and of the SeaWiFS
mission, several advanced space probes and stations
are going to assemble outstanding historical time
series of marine environmental data, covering
oceanic regions of European concern and, indeed,
the global ocean. These data sets will provide a great
new potential for addressing basic scientific
questions as well as primary operational needs. In
light of these considerations, a continuing
Programme designed to promote the exploitation of
know-how available on the topics above is not only
possible, but actually extremely desirable as well. A
significant outcome of the OCEAN Project has been a
general consensus on the need to take full advantage
of remotely sensed biooptical data, in future
programmes, for the comprehensive monitoring of
the marine environment and of its biogeo-chemical
processes. Obviously, this implies the systematic
collection, processing and archival of ocean colour
data -expanding the existing OCEAN Archives into an
European ground segment of new space missions for
the consequent integration in larger, multi-parameter,
statistical data bases.

The main topic to be considered, in the
development of an OCTOPUS science plan, is the
generation and distribution of the upgraded scientific
tools needed to derive ocean colour value-added
data (Réf. 8). Such tools can be based on the
established know-how, originated by the OCEAN
Project, in the field of optical remote sensing data
processing and handling. Hence, the IRSA shall
continue its activities in this field, with particular
attention to the development of site-specific
algorithms and models for data calibration,
atmospheric corrections, and derivation of
geophysical parameters. Indeed, it is expected that
the improved spectral capabilities of SeaWiFS (with
respect to those of CZCS) will allow not only the
derivation of CZCS-type data products, for the
extension of current time series, but also the
computation of more accurate bio-optical parameters
for more specific applications. Another problem to
be solved is that of the development of both field
and laboratory activities for the validation of such
data, as well as of specific techniques for the
environmental application of optical remote sensing,
tackling the peculiar European phénoménologies and
scales, and at their role within the global scale. The
IRSA could contribute to this component of the
Programme with supporting calibration & validation
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experiments, involving 'in situ' measurements
campaigns, and concerning marine regions where it
has had an historical interest and involvement: the
northwest Africa upwelling area, as a particular
oceanic site (directly served by an ESA data
acquisition station in the Canary Islands), and at least
one near-coastal site in the Mediterranean area (e.g.
the Adriatic Sea, the Gulf of Naples in the Thyrrenian
Sea, or others), as a case highly influenced by land
activités.

3.3 National Research Activities

A third 'national research' component constitutes the
bulk of the research activities foreseen by the
Programme. In fact, the present European ocean
colour initiative should include contributions from
individual scientists and institutions, which would be
stimulated by the availability of an otherwise
unobtainable data set (that of SeaWiFS, possibly
integrated with other kinds of data already existing),
but to which full responsibility would be left for their
own research development. In this sense, the
European Programme can be thought of as a forum,
or a focal point for ocean colour related national
projects, much in the same way as the OCEAN
Project itself. Moreover, such individual research
efforts would be supported by the data and know-
how available within the ESA and the CEC, which
could act as consultants in the development, and
possibly in the coordination, of various, particular
projects.
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THE SPACE DEBRIS ENVIRONMENT
FOR REMOTE SENSING SATELLITES
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Abstract

Since the beginning of space activities in Oct. 1957,
NORAD (the North American Aerospace Defence Com-
mand) and its successor organisation USSpaceCom (the
United States Space Command) have been tracking
nearly 22,000 space objects, of which more than 7,000
are still in orbit, with a total estimated mass of nearly
3,000,000 kg. Measurements taken by experimental on-
ground sensors indicate that (his deterministic popu-
lation is outnumbered by operationally untrackable
objects of more than 1 cm diameter by a factor of 3 to
9. This 1 cm threshold is indicating the upper limit of
shieldable particles for the current design of the Space
Station. For unshielded spacecraft, particles well below
diameters of 1 cm can cause catastrophic failures.

The present paper will review the data sources for the
deterministic (> 10cm), the non-deterministic (> 1cm),
and the small-size space debris population (< 1cm),
including assessments of their expected accuracy.
Based on the USSpaceCom catalogue, spatial object
distributions and their effect on LEO collision risks will
be analysed with due regard to remote sensing plat-
forms (ERS-1, Polar Platform, Columbus).

Introduction

Following the launch of Sputnik I on 4 Oct. 1957, some
22,000 man-made space objects have been recorded.
About 15,000 of these have either decayed under the
action of energy dissipating airdrag, have been actively
de-orbited into a controlled or destructive re-entry, or
have been retrieved from orbit by the space shuttle
STS. The remaining population of more than 7,000 , as
currently maintained in the USSpaceCom catalogue,
covers objects down to 10 cm diameter in LEO and down
to 1 m in GEO. With nearly 3,000,000 kg in total, this
operationally Srackable fraction of the population re-
presents more than 99.9% of the total mass, but only
10% to 25% of the number of expected debris above 1
cm in size. Particles of 1 cm diameter are regarded as
the upper limit of what will be shieldable by Space Sta-
tion with a technically and economically feasible shield
design. For unshielded spacecraft impacting objects of
diameters well below 1 cm at relative velocities up to
15 km/s would already cause catastrophic damage.

At the start of the space era, the rate of launches per
year rapidly increased to a mean value of about 120 by
1966. Since then, the launch rate remained nearly con-
stant, with a steadily increasing share of USSR
launches. During the 1980's, the USSR, USA, and others
accounted for 80%, 12%, and 8% of the total launches,
respectively. It should be noted, however, that due to
more powerful launch vehicles, and due to more so-
phisticated deployment operations, the average launch
today puts 4 spacecraft into LEO at the same time, while
initially single launches were the rule. Due to apparent
budgetary constraints in the last few years, the major
spacefaring nations USSR/CIS and USA have reduced
their operations by some 20%, the resulting current
launch rate of about 100 per year might be subject to
further reductions in the light of present political and
economic developments worldwide (an estimated 60%
of all launches presently serve military purposes).

Today's space debris situation, particularly in the low-
earth orbit environment, is not primarily a consequence
of nominal space exploitation activities, but the result
of fragmentation events of rocket upper stages, of
spacecraft, or of intentional anti-satellite tests (see
Tab.1). Fragments from more than 100 break-up events
to date (mean failure rate of 3% per launch) contribute
more than 45% to the trackable space object popu-
lation. The remaining portion is shared by 12% mission
related objects (clamp bands, lens covers, etc.), 16%
rocket upper stages, 21% non-operational payloads,
and only 6% operational payloads.

On the average, 120 to 200 trackable fragments are
generated by typical explosion events which account for
all but 2 or 3 break-ups (the Solwind satellite was hit by
an ASAT missile, and Kosmos-1275 showed all indi-
cations for a collision with space debris). More than '
99% of the debris population larger than 0.1 cm (esti-
mated at 3,500,000 particles) is believed to result from
these fragmentation events which can be classified as
deliberate, propulsion-related, and of unknown origin,
contributing to 18%, 42%, and 40% of the trackable
debris population, respectively. Likewise, the observa-
ble debris can be classified by source, with 60%, 36%,
3%, and less than 1% resulting from fragmentations of
LEO rocket bodies, LEO payloads, HEO payloads, and
LEO debris. The large contribution from LEO rocket
bodies had its major inputs from a series of Delta and
Thor-Agena upper stage explosions, and from the frag-
mentation of the Ariane V-16 third stage which gener-
ated a record number of 488 trackable pieces (see
Tab.1).
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Th* 10 Most Stv«r« On-Orbit Break-Ups (status in June 1991)

Source Object

COSPAR
No.

1970-025C

1981-053A

1961-OMI3

1973-086B

1978-026C

1976-077B

1975-0528

1974-0890

1989-82 AB

1988-019C

Object Description

Nimbus-4 R/B

Cosmos-1275 SIC

TranslMA R/B

NOAA-3 R/B

i.andMt-3 R/B

NOAA-S R/B

Nlmbus-6 R/B

NOAA-4 R/B

OPS-7613 R/B

SPOT-1 R/B

Fragment Count

Max.

362

303

296

197

208

157

386f)

145

260

488

June 91

295

288

212

182

163

156

153

135

121

110

Fragmentation Event

inc. n

99.88

82.96

66.82

102.05

98.85

102.02

99.60

101.69

69.96

98.70

alt. (km)

1075

980

990

1515

910

1510

1100

1465

920

805

day of event

17-Oct-1970

24-Jul-1981

29-Jun-1961

28-Dec-1973

27-Jan-1981

24-Dec-1977

01-May-1991

20-Aug-1975

04-0ct-1969

13-Nov-1986

Tab.1: List of the 10 most severe on-orbit break-ups with regard to the current debris population. The fragmen-
tation of Cosmos-1275 could have been due to collision with debris. All other fragmentations were due to ex-
plosions of upper stages induced by residual fuel.
(*) number of correlated objects, most of which have not yet entered into the catalogue.

The man-made space objects and debris are known to
dominate the environment of the earth except for parti-
cles in the range of 0.1 cm to 0.001 cm diameter where
meteoroids are getting more important (see Fig.2).

The Observable Debris Population

For measurements of the population of space objects in
the near-earth environment (including both man-made
and cosmic particulates), two different methods have so
far been used for two distinct size ranges: in-flight data
from recovered satellite surfaces, dust collection ex-
periments, and window impacts (e.g. LDEF, Solar Max,
Space Shuttle) for the sub-milimeter size range, and
operational ground-based radar and optical observa-
tions for object diameters above 10 cm. Only very
sparse data are available for the intermediate size
range of 1 mm to 10 cm, and environmental models
largely rely on an extrapolation of the sub-milimeter
data, with a smooth fairing to the ground-based meas-
urements, in order to bridge this gap (see Fig.2). A good
knowledge of the population in this size range, which is
known to be dominated by space debris particulates
originating from on-orbit explosions, is mandatory for
an effective shielding design of the Space Station, and
for collision risk assessment in LEO in general. This
poorly known particle size domain also includes the
portion of the non-shieldable objects between 1 cm and
10 cm, which are outnumbering the observable debris
above 10 cm diameters by a factor of 3 to 9. Hence, the
most sparse information is available in particulate size
regimes where it would be needed most.

The term 'observable' is generally used for space ob-
jects of diameters larger than 10 cm in LEO and 1 m in
GEO. These sizes mark the operational capabilities of
the radar and optical tracking network of the US Space
Command (USSpaceCom, see Fig.1). The current
USSpaceCom catalogue contains about 7,000 objects
which are within their sensor detection thresholds.
These objects are estimated to have a total mass of

about 3,000,000 kg (more than 99.9% of all in-orbit
mass). In operational tracking mode some 20
USSpaceCom radars primarily cover the LEO environ-
ment, while an Electro-Optical Deep Space Surveillance
System (GEODSS) of 7 sensors worldwide is used to
track objects at high altitudes, including the
geostationary orbit (GEO). The combined capabilities of
the USSpaceCom ground-based sensors is shown in
Fig.1.

In order to verify the operational USSpaceCom cata-
logue for its completeness, and in order to allow an ex-
trapolation down to the cm size range, a number of
experimental radar and optical observation campaigns
have been carried out. Using USSpaceCom telescopes,
Henize and Stanley sampled the lower size range of the
catalogued population. They found that the catalogue
above 10 cm diameters may be incomplete by a factor
of 2 to 3 (Ref.7).

Combining the available data on space objects, space
debris, and meteoroids, Fig.2 summarises the current
environment definition assumptions and their associ-
ated 2-(T uncertainties for Space Station altitudes.

ESA/ESOC is maintaining a database called DISCOS
(Database and Information System for the
Characterisation of Objects in Space, Réf. 10) which
contains orbital data and spacecraft related data from
the USSpaceCom Catalogue, the RAE Table of Earth
Satellites, and the Teledyne-Brown History of On-Orbit
Satellite Fragmentations (data are courtesy of
NASA/USSpaceCom and RAE). The following analysis
of the 'deterministic' space debris environment was
largely performed by means of this relational database.

Fig.3 shows a time history of the growth of the number
of catalogued objects since 1957. While the launch rate
since 1966 remained almost constant at about 120 per
year, the net rale of increase of catalogued objects after
1966 was larger by a factor of 2. This net increase re-
flects a balance between object sources (single and
multiple launches, or fragmentation events) and sinks
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(orbital decay or retrieval). The cyclic increase of
riirdrag and the resulting removal of objects from the
most populated LEO environment is noted to match well
with the 11-year solar cycle. During such maxima of
solar activity (1979 and 1990/91) the population even
decreases. The USA and USSR/CIS presently have an
equal share of about 47% in the USSpaceCom cata-
logue, the remaining 6% are divided between ESA and
other launch nations.

Fragmentations of upper rocket stages and of
spacecraft account for most of the observable, and for
almost all of the unobservable space debris in orbit.
Since 1975, an average rate of 4 fragmentations per
year has been recorded (almost exclusively explosions
of upper stages and spacecraft). Tab.1 lists the 10
break-up events with the largest input to today's ob-
servable debris environment. They alone account for
26% of the current catalogue entries. With 69%, most
on-orbit fragmentations can be attributed to the USSR,
followed by the US with 26%, and the remaining launch
nations with 5% (mainly ESA and China). From com-
parison of the current and maximum fragment count for
each event, the effectiveness of the altitude dependent
drag related cleansing effect becomes evident. For the
Ariane V-16 third stage which delivered SPOT-1 into or-
bit, the maximum count of 488 correlated fragments was
recorded within 3 months after the explosion which oc-
curred on an ascending pass over Africa on 13 Nov.
1986. Of these, only 110 are remaining as of June 1991
(see Tab.1). Arianespace has since then adapted their
upper stage operations. The Ariane-4 third stages are
now being vented after delivery of their payloads into
LEOs (as executed for SPOT-2 and ERS-1 ). Further go-
ing objectives of the Agency call for the long-term
physical integrity of Ariane-4 and Ariane-5 upper stages
on all orbits (ESA/C(89)24, Rev.1). Arianespace is cur-
rently working on a related modification of their upper
stages to saveguard integrity also for multiple launch
and GTO injection scenarios.

Due to mission constraints from the selected launchers,
launch sites, spacecraft design requirements, scientific
objectives and payload capabilities, most spacecraft are
grouped around certain classes of orbits according to
orbit shape (eccentricity), orbital period (semimajor
axis), and orbit plane orientation (inclination and as-
cending node position).

From analysis of the USSpaceCom catalogue it be-
comes evident that the vast majority of orbits (more
than 95%) is near circular, with eccentricities of
e < 0.02. Another preferred eccentricity is around 0.72,
covering transfer orbits to GEO (with periods of about
10.5 hours), and 12-hour synchronous orbits of the
USSR Molnya communication spacecraft. Due to the
dominance of near-circular orbits, and due to the mostly
moderate velocity increments from fragmentations
(mainly below AV = 300 m/s), the majority of debris or-
bits remains in a ring around the source orbit within a
confined near-circular eccentricity domain (see Ref.9).

In Fig.6 the catalogued population is analysed with re-
spect to the mean orbital altitude. Most mission related
objects (operational and non-operational payloads, and
spent rocket stages) are located on low earth orbits
below altitudes of 3,000 km. This altitude regime also
contins more than 99% of all known fragments. There
is, however, a good chance that particularly the 300
launches into GEO gave rise to upper stage fragmenta-
tion events in GTO or GEO (recently, the first two GEO

fragmentation events were reported: a Titan 3C upper
stage, and USSR Ekran spacecraft). Such events are
difficult to detect due to the poor coverage of such low
latitude orbits by the operational USSpaceCom ground
sensor network.

A very important parameter for mission design is the
orbital inclination which drives the maximum earth
coverage, the rotation rate of the perigee and the as-
cending node under the influence of earth oblateness,
and certain synchronisms o' these rates (e.g. sun-
synchronous node rotation, or perigee libration). Fig.4
shows catalogue object counts versus inclination for 1°
binwidths. The peaks in this distribution can be related
either to launch site constraints, or to certain mission
objectives. The following maxima are related to partic-
ular mission types: 0° due to geostationary orbits, 55"
due to GPS Block Il navigation satellites, 64° due to
Molnya communication spacecraft, GPS Block I and
GLONASS navigation satellites, 90° due to polar
weather satellites, and 98° due to sun-synchrounous
orbits. Most earth observation spacecraft use
98° to 100" inclined orbits to achieve a node rotation at
0.9856°/day which compensates for the mean solar mo-
tion and results in a helio-synchronous rotation of the
orbital plane (benefits with respect to power, thermal
design, and ground illumination conditions). A pro-
nounced signature from such helio-synchronous orbits
is also noted in Fig.5 were spacecraft and debris counts
are given versus ascending node position for epoch
15-Mar-92.

Collision Risk Assessment

The spatial distribution of objects from the
USSpaceCom catalogue has so far been analysed only
element-wise. In order to derive corresponding collision
risk estimates from the tracked population for a given
spacecraft on a target orbit, one can proceed as follows:

In a first step, for a given altitude range of interest, a
spherical shell bounded by meridians of right ascension
and small circles of declination is defined ard
discretised into spherical sectors . •(' desired spatial re-
solution. Thereafter, the catalogued population or a
representative sample thereof is analysed with respect
to resident probabilities and transient velocities of each
of their orbits for each cell which is intersected. For "ell
resolutions of 50 km in altitude and 2° in declination,
averaged over right ascension, Fig.7 shows a 2-D objec'.
density distribution (in logarithmic scale) in terms of
particulates/km3. One can notice that particle concen-
trations have maxima near 900 km and 1,400 km alti-
tudes (with fragments dominating by a factor 2 to 3).
Sub-maxima are located around 2,800 km, and 3,800 km.
The 2-D profile shows that all concentration peaks have
a certain depth in their latitude spread, with intermedi-
ate step discontinuities. Each of these steps in the lati-
tude spread indicates a corresponding inclination
(approximately equal to the latitude at this point), from
which a major input to the catalogued population oc-
curred either by high launch frequencies, or (more
likely) by on-orbit fragmentations. Such sources are
particularly pronounced at altitude 2,800 km and 28" in-
clination, and at critical inclinations of 63.4° and sun-
synchronous inclinations of 98° (marked by a latitude
step at the complement angle of 82°). Population input
sources corresponding to the latter two inclinations are
noticeable throughout the entire LEO altitude regime.
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The extension of most 'ridges' of high spatial densities
to high latitudes indicates that high orbital inclinations
are preferred for payload injection, and that the most
severe upper stage and spacecraft break-ups (mostly
explosions) have occurred in this regime (compare Fig.4
and Tab. 1).

Having established a 2-D spatial density of debris as a
function of altitude and latitude, and having determined
inertial velocities of the catalogue population objects as
they pass through discrete volume elements (spherical
sectors of user-defined resolution), one can in a second
step determine collision probabilities and expected col-
lision geometries (incident direction and velocity). Using
the same spatial density function (Fig.7), Fig.9 and
Fig.11, show the resulting incident particle flux for Space
Station (altitude H = SOO km and inclination / = 28.5°)
and for the European remote sensing satellite ERS-I (
H = 780 km and / = 98.5"), relative to the flight direc-
tion. Due to the prevailing number of near-circular de-
bris orbits, the impact flux is almost exclusively
traveling in a plane perpendicular to the instantaneous
orbit radius vector of the target spacecraft (near the
local horizontal plane). The abundance of near-circular
debris orbits is also the reason for the concentration of
the flux within ± 90° of the flight direction. Only eccen-
tric orbits of similar inclination but larger orbit periods
would be able to hit the target from the anti-flight di-
rection.

Looking at the impact flux geometry for Space Station
(Fig.9), a gap of ± 30" around the flight direction is
noteJ. This zone can only be reached by particulates
which travel on a similar orbit as Space Station, but with
complementary inclinations around 151.5°, or by debris
which have orbits of a similar inclination, but are ec-
centric with a perigee well below the Space Station al-
titude. This first class of orbits does not exist (except for
a few retro-grade orbits at ; = 144°), and the second
class of orbits is rapidly removed by airdrag acting on
the low perigee. The asymmetry of the impact flux with
respect to the flight direction reflects longitude de-
pendence of the spatial density distribution (e.g. due to
sun-synchronous orbits), and an asymmetry with lati-
tude (e.g. due to Molnya perigees in the southern hem-
isphere), both of which were taken into account for the
collision flux estimation. The flux peaks in Fig.9 can be
correlated with densely occupied inclination bands. The
highest flux, due to maximum relative velocities around
13.5 km/s (see Fig.8) is obtained from particles which
approach from directions close to the flight direction.

For a flux sampling over many orbits (note that Fig.8 to
11 are over single orbits only) one finds a mean collision
velocity for Space Station on the order of 10.5 km/s, and
a collision probability of about 5.7 x 10-7 per m* and
year. For an assumed cross-section of 1,000 m*, and a
30-year mission duration, this corresponds to a 1.7%
collision probability with deterministic objects (assum-
ing no avoidance manoeuvres, and neglecting the
Henize correction factor of 2 to 3 to account for the in-
completeness of the catalogue). A factor of 3 to 9 must
be applied for estimating the risk from particles down
to 1 cm diameter. The equivalent risk of hits on manned
modules of the Space Station is lower by a factor of
about 1/10.

For a high inclination, sun-synchronous orbit as used by
ERS-1, the major debris flux is concentrated on a ± 10"
sector around the flight direction, within the local hori-
zontal plane (see Fig. 11). In contrast with Space Sta-

tion, this orbit inclination band has an equally densely
populated complementary inclination band at 82° from
which near-circular orbits of similar altitude (around 800
km) and opposite node positions are approaching the
spacecraft in a head-on collision with relative velocities
around 15 km/s (see Fig. 10). These particles are by far
dominating the total impact flux due to the 'high sampl-
ing rates', and give rise to a collision risk figure of
3.3 x 10~e per m2 and year. For a 3-year mission dura-
tion and a mean cross-section of 21 m2, the resulting
collision risk is 0.02% for trackable debris (using the
same assumptions on the catalogued population as for
Space Station). As before, a factor of 3 to 9 must be
applied to extrapolate the risk figure for non-trackable
debris down to 1 cm. Note that debris fluxes on such
sun-synchronous orbits are larger by a factor 4 to 5 as
compared with target orbits of moderate inclinations.

The results of the foregoing statistical collision risk as-
sessment are also reflected in a deterministic analysis
of close encounters of catalogued orbital debris with
Space Station or ERS-1. During a 3 day analysis time
interval in Oct. 1991, a typical space station orbit would
have had 2 encouters closer than 10 km, and 4 en-
counters closer than 20 km (closest miss distance: 6.2
km). For the same analysis time interval, and for a real
ERS-1 orbit, there were 5, 11, and 35 passes closer than
5 km, 10 km, and 20 km, respectively. The closest miss
(at 2.8 km) was caused by a Proton upper stage of di-
ameter 2.4 m and length 7.4 m, which delivered Kosmos
1354 into orbit in April 1982.

One may conclude that remote sensing satellites on
sun-synchronous orbits are exposed to almost the worst
possible debris environment, since the preferred alti-
tude regions around 800 km have high spatial object
densities, and since most impacts will be near the
head-on direction at velocities around 15 km/s. The
Canadian Space Agency is accounting for this debris
risk in their design of Radarsat. Their protective meas-
ures include enhanced shielding (e.g. Nextel layers), and
the repositioning of critical equipment (fuel lines and
electronic boxes) behind protective walls. Present
hypervelocity impact test at JSC suggest that objects
up to 1 mm could be defeated (Ref.6).

The sun-synchronous orbit regime, similar to the valu-
able GEO ring, can be regarded as a limited resource.
The altitude bands which are preferred by remote
sensing spacecraft (around 800 km) have orbital life-
times on the order of 100 years, and the present spatial
object density is already at a level were a run-away
situation due to debris-debris collisions can be expected
(Ref.8). Protective measures such as spacecraft
shielding (to defeat mm-size objects), or active collision
prevention by evasive manoeuvres (to avoid cotisions
with observable objects) would be effective means to
stabilise the debris environment of remote sensing
spacecraft and Io minimise the risk of loss of such a
mission.

Conclusions

Man-made space debris has steadily grown since the
beginning of space flight activities in 1957. After 1963,
the mean annual launch rate settled at a near-constant
value of 120. The launch activities went along with a
mean on-orbit fragmentation rate of about 3%. These
fragmentations (more than 95% of them explosions of
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upper stages or spacecraft) today account for most of
the observable debris | > 10cm), and for nearly all of the
unobservable debris. Man-made objects today are
known to dominate aver the natural msteoroid
participate environment in all size ranges above diam-
eters of 1 mm.

With current on-orbit shielding technology Space Sta-
tion, where much effort is put into shielding design, will
be able to defeat objects of no more than 1 cm diam-
eters (estimated number of debris larger than 1 cm:
30,000 to 70,000 , estimated risk of puncture of a
manned module: 0.02% to 0.05% per year). For an un-
manned spacecraft, with more constrained mass budg-
ets for shielding (e.g. Radarsat), the maximum size of
defeatable parf/cotates is on the order of 1 mm /esti-
mated number of objects larger Vhan \ mm: 3,500,000,
estimated risk of shield puncture: 3.3% per year). A
collision with a debris particle larger than Î cm would
be equivalent to a free \a\\ of Radarsat Irom a height of
3 w\ ox\ a concrete flow . Such a colUsiorv event (,esti-
mated risk: 0.05% to 0.2% per year} would most cer-
tainty destroy the spacecraft and lead ID a large number
ot e,jec\a and tragroente.

Remote sensing satellites tend to operate at altitudes
ne.av WW VOTV, and Vr\ «un-ŝ nchronous otWVs around
1 = 98.5". Most fragmentation évente fiave occurred ex-
actly in this orbit regime /see Tab. )) and Jed to a spall a)
o\>)ec\ d«T«\Vy vrtwih Ns aYread'y Y>eY\eve<l Xo "oe YngVi
enough to eventually initiate a seff-susfained co(d'si'on
chain reaction. Launch vehicle operators have already
taVen steps to rnrtipale tr>e proWem ol upper stage

(e.g. i4r<anesaace far &ZS-Ï andSPQT-2(. faraaeratars
o) remote sensing satellites the fo))ow/ng recommenda-
tions can toe made:

Avoidance of Catastrophic Coliisions: a hyper-velocity
impact with a catalogue object {> 10cm) at 15 km/s
would generate a very large number of fragments which
would noticeably increase spatial object densities and
increase the risk of collision chain reactions. Such
events can be avoided by monitoring proximity events
with catalogued debris objects, if the near-miss is pre-
dicted to be within a certain threshold distance, low-cost
avoidance manoeuvres can be executed (possibly within
the routine altitude maintenance). Such collision
avoidance analysis is already a routine operation for
Space Shuttle missions.

Improving Spacecraft Operabllitv. with limited cost im-
pact, a remote sensing spacecraft can be protected
against particles smaller than t mm (as implemented
for Radarsat). Such risk reduction measures (e.g.
shielding with Nextel layers, and proper placement of
vital subsystems) are considerably improving the
spacecraft survivability and mission operability.

The current knowledge of the space debris environment
is mainly based on data of particulates smaller than 1
mm (from retrieved surfaces) and larger than 10 cm
(USSpaceCom Catalogue). The intermediate size re-
gime, which is poorly observable yet a high collision risk
factor, has so far only been analysed by experimental
ground-based 'spot checks'. In order to improve our
knowledge on the 1 mm to 10 cm debris objects, in-flight
sensors (combined visual and IR instruments), on sun-
synchronous orbits (optimal observation conditions and
spatial sampling capabilities) would be best suited. Such
instruments could fly either on dedicated platforms or
as passengers of remote sensing missions.
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Fig.1: Detection limits of orbiting debris for the op-
erational tracking installations (radar and optical)
of USSpaceCom (from Ref.7).
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Flg.2: Adopted paniculate environment model for
the Space Station altitude according to TM 100-471,
including uncertainties (from Ref.7).
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FIg,3: Time evolution of the count of trackable ob-
jects contained in the USSpaceCom catalogue.
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Fig.4: Inclination distribution of trackable objects
contained in the USSpaceCom catalogue (up to
110°) Top bars: fragments; bottom bars: non-
fragments.
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Fig.5: Ascending node distribution of trackable ob-
jects contained in the USSpaceCom catalogue
(note peak for sun-synchronous orbits). Top bars:
fragments; bottom bars: non-fragments.
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Flg.6: LEO altitude distribution of trackable objects
contained in the USSpaceCom catalogue. Top
bars: fragments; bottom bars: non-fragments.

Fig.7: Spatial density of trackable, catalogued
space objects versus altitude and latitude (density
in log scale in units of 1/fon3).
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Flg.8: Debris flux contribution versus approach ve-
locity for a Space Station orbit (see Fig.9).

Flg.9: Angular distribution of debris flux for a Space
Station orbit (altitude 500 km, inclination 28.5°).
Flux, projected onto local horizontal plane, in units
of 10-8/m*/year. 0° marks the flight direction.
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Fig.10: Debris flux contribution versus approach
velocity for a sun-synchronous orbit (see Fig.1t).

Fig.11: Angular distribution of debris flux on a sun-
synchronous orbit (altitude 780 km, inclination
98.5°). Flux, projected onto local horizontal plane,
in units of lO-^/m'/year. 0° marks the flight direc-
tion.
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THE MARINFOSEC STUDY
USE OF ERS-I FOR CRUISE AND SAILING BOATS

K. U. Komp

EFTAS Fernerkundung Technologietransfer, MUnster

ABSTRACT

Actual and reliable information on wave
direction and height could increase marine
security in many fields, especially for
cruise and sailing boats. ERS-I data from
SAR and AMI recordings will provide all-
weather data on wave direction and length,
wave height and wind vectors. A broad
range of applications of those data would
be welcomed if presented right in time in
a simple form. The objective is to provide
atual wave maps distributed by weather
fax. The present study will identify the
demand structure and marketing potentials,
evaluate potentials of acceptance, design
a model for later real-time data proces-
sing and distribution, specify future
satellite configuration and define the
terms for a practical testphase.

Keywords: touristic application, marketing
of ERS-I, ERS-I wave modus, marine
security

O. AVANT PROPOS

The present study Improvement of Nautical
Information for Yachting, Touristic Crui-
sing and Touristic Marine Security
(MARINFOSEC) is funded by the German Space
Agency (DARA), Bonn, in the frame of ERS-I
application studies, especially in the
field of tourism. As the study is
scheduled to be determined in mid 1992,
the present report has to be restricted to
an inter-mediate working paper.

1. BACKGROUND OF PROBLEMS

Current development of industrialized
societies towards increasing leisure time
combined with increasing incomees to be
spend in leisure activités tends to open
for even more people marine sailing,
diving, cruising, sport fishing and so on.
A whole bundle of marine leisure
"industries" is helping men and women to
get quick access to these activities by
licenses, charters etc. without real
background of marine experience. in
conseuence of this those people tend to

compensate their lack of experience bey
technical equipment of all kind and even
of (nearly) every price.

The number of search and rescue actions
performed by the Deutsche Gesellschaft zur
Rettung Schiffbruchiger (DGzRS) is in-
creasing year by year. Very often risk
situations occure because from the marinas
wind and wave conditions off the coastal
protection cannot be estimated
sufficiently.

In addition insurance companies as well as
marine courts will prefer objective
recordings of wave conditions instead of
uncertain statements of whitnesses when
judging questions of liability and risk.

2. OBJECTIVES

The main objective behind this study is to
increase marine security even in the field
of marine sports, cruising and sailing by
the provision of actual and reliable map
information of the wave conditions in the
major sea zones of Europe.

Before being able to start tests or even
implementations this study is designed to
evaluate the frame conditions for tech-
nical, organisational and commercial
feasibility.

Thus the objective of this study is
defined by the following objectives:
* the demand structure and the

marketing potentials are identified;
* the potentials of acceptance are eva-

luated;
* A model for later real-time data

processing and distribution is ,
designed;

* the future satellite configuration
and orbital patterns are specified;

* the terms for a practical testphase
are defined.

Proceedings o> the Central Symposium ol the International Space Year' Conference. Held in Munich, Germany, 30 Marcri-4 April 1992
fESA SP-341 July '99Zl
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3. ANTICIPATED RESULTS

In the frame of the study results will be
obtained on the marketing potentials and
acceptance of such services. We think that
this is the necessary condition for any
further technical development in such an
application sphere.

Concerned the technical part of the study
no real data will be processed in this
phase, but a model of future data
processing and integration will be
disigned. The ERS-I data to be integrated
into the model are SAR-data (wave modus),
wind-scatterometer-data and Radar-
altimeter-data. Of course the repetition
time and the orbital pattern of ERS-I are
currently not sufficient for operational
wave information in tidal seas.

For later operational wave warning
services right in time before morning and
evening marine weather forecast maplike
digital products of wave heights will be
computed from actual ERS data and
transmitted to coastal marine radio
stations to be transmitted by fax directly
to ships and sailing boats inquiring for
information. A lot of search and rescue
actions can be avoided if sport mariners,
surfers, sport fishers etc. can be aware
of the wave conditions out on the sea
before deciding to leave the port.
Consequently port offices and coastal
marinas will establish an inquiry station
for those people like surfers or owners of
small open boats going for fishing who
technically will not be able to install
radio and fax. Costs for those services
may be compensated in lumpsums by the
member fees of the different marine sport
organizations like it is already practised
with the fees for locks or weather
forecast.

Another development just coming up is the
electronic navigation map. Map information
stored on CDs are already available to be
displayed on a navigation screen of larger
sailing boats. Technically it should be no
problem to produce an appropriate
interface to receive the actual wave
warning map by fax signal and to overlay
it on the screen with the electronic
navigation map.

4. TECHNICAL APPROACH

As the ERS-I satellite currently provides
first test data the study now is
concentrating in the elaboration of:

* modelling the data processing from
data acquisition over pre-processing
and merging of ERS-I data with other
reference data (e.g. other
satellites, maps) to the processing
of user oriented map products
appropriate for immediate distri-
bution by weather fax;

* identification of more specific
demand structure in the potential
user community for a test phase;

specification of marketing potential
for operational services
specifications for future platform
sensor configurations;
project layout for the demonstration
of efficiency of wave maps
distributed by weather fax to sport
mariners including a feed back
network of volunteer test persons;
estimation of positive impacts to
marine security;
estimation of costs for a later test
phase.

Within such a later testphase also ground-
trouth will be required. This can be
organised with contributions of potential
users to verify wind/wave map data by
observations from test yachts with quick
feed back by radio-telephony.
From the payload of the ERS-I the Radar
altimeter will be most important for this
purpose of marine security information
service. This instrument is providing
high-precison measuremenst of the distance
from the satellite to the surface.
Accuracies significantly better than 10 cm
will be achieved over sea water. The
height of ocean waves can be derived from
the echo shape of the microwave signal,
additionally the windspeed can be
determined from the eco power. The
significant waveheight will be 0.5 m.

Unfortunately the 3 day repeat cycle of
ERS-I is designed to be run during winter
time. But the development of a real-time
processing and warning system may also
start with occasional data. For
operational marine security information
however, repeat cycles of 12 hours will be
necessary, perhaps performed by several
satellites.

5. OUTLOOK

During this ongoing pre-feasabilty study a
questionaire has been prepared to
Interview institutions and associations
concerned with marine security, marine
sports search & rescue and cruising and
sailing. The response expected will prove
the demand for reliable information and
the level of acceptance for space
technology in everyday life of individuals
following their hobbies or their duties on
the never resting waves of the sea.
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MONITORING OF DEFORESTATION : RESULTS OF THE BANGKOK CONFERENCE

F. BLASCO1, E. JANODET1 and J.C. CAZAUX2

1 Institute for the Internatiuonal Map of the Vegetation, Toulouse (France)
2SCOT CONSEIL, Toulouse (France)

ABSTRACT

The so called "SEAMEO-France Project" offers an
opportunity to transfer to the SEAMEO countries the
know-how required to carry out surveys on state of
deforestation. NOAA satellite data is used for small scale
information over large areas and SPOT satellite data are
used for detailed operational informations over selected
test sites. The overall project concept includes training of
scientists (about 20 national scientists in two years) in
image processing, image analysis and ultimate
production of maps and statistics on deforestation. This is
a three year project that was started in 1989 by SEAMEO
with technical and financial support from France, with
the Philippines, Indonesia, Malaysia and Brunei
Darussalam participating in the project. The ultimate
end product will be the development of methodologies
and training in monitoring deforestation using satellite
data for sustainable environmental management.

Keywords : remote sensing, technology transfer,
deforestation, monitoring, training

1. INTRODUCTION

Remote sensing technology is considered as a set of
sophisticated tools conceived for a better knowledge of
our natural resources, in both developing and modern
countries. In most tropical countries, these tools are
supposed to speed up the economic development,
because a rational management of the resources needs a
better survey for which satellites may play an essential
role.

During the last five or six years our efforts in Remote
Sensing Technology transfer have paid a special
attention to the fact that training and education must be
extremely practical i.e. : the transfered technology must
be accessible to the capabilities of the users and must
bring realistic answers to their needs.

The SEAMEO'-FRANCE project has received a strong
and permanent support from French Institutions (CNES,
SCOT CONSEIL, Ministry of Foreign Affairs, University

of Toulouse, CTFT2 etc...) and from the SEAMEO
countries : Brunei Darussalam, Indonesia, Malaysia, The
Philippines, Thailand. The main aim of the cooperation
was to train and, in the mean time, to elaborate new
methodologies, in monitoring defo-restation in South
East Asia or, in other words :

• to provide accurate and rapid techniques for assessing
the current state of deforestation in the region;

• to transfer the required know-how to SEAMEO
countries;

• to produce cartographic documents as a basis for
further effective and rational planning.

The main results obtained for the period 1989-1991 (the
project will end in 1992) have been expressed in
November, in Bangkok (Réf. 1).

2. SOME DEFORESTATION ISSUES IN SOUTH EAST
ASIA

Deforestation in all South East Asian countries is one of
the most worrying of the tropical world. The so-called
"Lowland moist Dipterocarp forests" unknown anywhere
else in the world, bearing the valuable timbers known as
"merantis" (Shorea sp.) are being depleted at a great
speed. The exact present rate of deforestation is yet
unknown. Officiai figures of the annual rate of
deforestation given by FAO for the period 1976-1980 were
already quite high (Réf. 2) :

Brunei Darussalam
Indonesia
Malaysia
Philippines
Thailand

TOTAL

Areal extent
of moist forests*

323
113,675
20,995
9,320
8,135

152,448

Annual
deforestation"'

7
550
240
100
325

1222
• hectares x 103

According to the "Forest Resources Assessment 1990"

' South EaslAsian Ministries of Education Organization - Darakarn
Building, 920 Sukhnumvit Road - Bangkok 1011 - Thaïlande

^Centre Technique Forestier Tropical 4Sbis. avenue de la Belle Gabrielle
94736 Nogent Sur Marne Cedex - France

•

s o< rie Central Symposium of the International Space Year Conference Held m Munch. Germany 30 March-4 April 1992
SP 341 J(//v '992)
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(FAO) the average rate of deforestation between 1981
and 1990 in Insular South East Asia is 1.8 million ha per
year.

If we take the specific case of Thailand, it is obvious that
remote sensing techniques hâve brought a new
capability to monitor forest changes in this country of
513,115 km2 (see next table, from Réf. 3, p. 106)

Year

1961
1973
1976
1978
1982
1985
1988
1989

Forest area
Km2

273,628
221,707
198,417
175,224
156,600
149,053
143,803
143,417

%of
country

area
53.33
43.21
38.67
34.15
30.52
29.05
28.03
27.95

Remarks

By aerial photos
By satellite data

The change of forest area in Thailand between 1961 and
1989 was approximatively 129,OiJO km2 or 4,800 km2 per
annum.

The case of Sumatera Island, in Indonesia, is of special
interest because important transmigration programmes
have been carried out. All forms of deforestation
processes are active (forest logging, clearing for
agriculture, shifting cultivation, forest fires (Réf. 4,5) etc...)
and the island illustrates the technical difficulties
encountered by remote sensing specialists (Réf. 6,7).

In this island of about 475,000 km2, 163,000 km2 (about
33%) are still covered by primary forests. However
according to our maps (Réf. 6) the forests are extremely
fragmented into wooded patches of all sizes separated by
various types of food crops, estates (cloves, rubber trees,
orchards), savannas, thickets etc...

In addition the diversity of the primary forests is itself
very great. According to the last evaluations carried out
by Laumonier (Réf. 9, p. 104), the primary forests of
Sumatera include :

Mangroves 0.25%
Swamps forest 9.75%
Mountain forests (above 1000 m) 9.25%
Lowland forests (below 1000m) 13.85%

Total 33%
of the Island

Practically the remaining tall dense forest of the
Sumatran plains, on well drained soils, does not exceed
today 3.5% of the total surface of the island.

This diversity of forest types is still increased by sub-
floristic types extremely important from the ecological as
well as from the economical point of views. Considering

the case of mangroves, at least three types must be
distinguished : Rhizophora type, Nypa type and
Sonneratia type. In the case of swamp forests the most
valuable trees such as "Balam" (Various Palaquium
members), "Ramin" (Conystylus bancanus), Anisoptera
pneumatophora etc... are found in some areas, but are
lacking elsewhere.

Finally the vegetation map of Sumatera includes at least
110 vegetation types although its scale is not a very
accurate one (1/1,000,000).

This complexity is certainly related to the diversity of
local ecological conditions but it is primarily due to
exploitation and degradation patterns of the original
regional biomes and to the dynamic processes of the
natural vegetation.
Earth resources satellites can provide a discrimination of
climaxic woody stages and a clear perception of barren
lands. The appraisal of intermediate successional stages
or the floristic subtypes which are an expression of the
economic importance of the stands is more difficult and
needs a strong field support in addition to high resolution
satellite data (SPOT HRV and TM).

3. WHAT ACTUALLY CAN BE DONE WITH EXISTING
SATELLITES?

The following table summarizes the level of perception
that can be reached with usual satellites or sensors, for
mapping purposes.

Mapping of forest ecosystems
Instruments and scale of maps

Level of perception
Small scales : global or
regional (1/1 ,000.000 Io
1/10,000,000)
Medium scales :

national (1/200,000 Io
1/1,000,000)

Large scales : local
studies
(1/50,000 to
1/200,000)

Instruments
NOAA-AVHRH

LANDSAT
MSS
1RS

SPOT,
LANDSAT TM
ERS 1?

Discrimination
Forest/non lores!

Physiognomy
(density)
Phenology
(evergreen, deci-
duous etc....)
Physiognomy and
phenology, physio-
graphic and
dynamic
stages, dominant
floristic groups
(Conifers,
Eucaryptus,Hevea,
etc...

It is clear however that such parameters as
- Detailed floristic composition
- Size of trees and age classes
- Vertical stratification or forest structure
- Biovolumes or biomasses

S t
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• Biovolumes or biomasses
- Correlations between vegetation units and

environmental factors

cannot be directly extracted from remote sensing data,
though some are needed to discriminate forest types of
ecological or economical importance.

Hence,

1) The understanding of the meaning of spectral
reflectances provided by satellites is the product of a
strong integration of scientific and technical knowledges.

2) As remote sensing provides only part of information on
the ecosystems and deforestation process, it is desirable
that needed scientific information, is integrated in the
design of remote sensing so that the design as a whole is
cost effective.

4. THE ADOPTED METHODOLOGY AND RESULTS

The adopted methodology has been simultaneously
implemented by SCOT Conseil (Toulouse France), at the
AIT (Bangkok, Thailand) and at BIOTROP (Bogor,
Indonesia) includes a comparative analysis of maps,
1980 NOAA-GAC data and 1990 NOAA-LAC data, for the
global study. For detailed st-idies high resolution SPOT
data or selected test sites (2 in each participating
country) have been visually analysed.

About 20 national scientists most of them foresters from
participating countries were trained in the methodology
of image interpretation, participated in the ground truth
and ultimately compiled the maps and statistics.

This is an efficient concept for technology transfer, as the
relevant participants acted as national partners to the
Technical French Team and also for the training
institutes in Bangkok (Asian Institute of Technology) and
in Java (BIOTROP) in implementing the project. In
addition, the need for interfacing with policy makers has
been considered as essential, as many deforestation
monitoring efforts at national or regional levels need
their support for their emulation and follow up in the
countries.

Results of a multi-date assessment of deforestation using
high resolution satellite data in the Philippines showed
that it is possible to acquire reliable information on the
dynamics of land use/cover in the country, and to
reasonably estimate the rate of denudation of nation's
forests. The study in Peninsular Malaysia revealed that
remote sensing and CIS has become a powerful and
indispensable tool for forest resources inventory,
monitoring and management. However, full potential of
remote sensing and GIS technology can only be
exploited by the experts who are appropriately trained
and provided with necessary facilities. Development of
manpower is a prerequisite for effective remote sensing

applications. In this context, the SEAMEO-France Project
is considered to be contributing appreciably to national
manpower development, as well as in building up
national facilities and capabilities. Such an effort should
be continued till a national, sub-regional and regional
capability is established.

5. CONCLUSION

Although Remote Sensing Technology for forest
monitoring is not yet fully operational (Réf. 10)., the
technology is there. Local technicians and scientists in
most SEAMEO countries are now able to produce
sufficiently accurate data on how, where and with what
magnitude, the different original forest types are being,
or have been, depleted. About 20 trainees have been
involved in the project, and 6 Ph.D. thesis of Indonesian
(Réf. 11) and Thai scientists have been recently
submitted. At the technical level the existing soft and
hardware materials seem to be sufficient to fulfil the
requirements. In addition very simple methods,
including the analysis of photo products and the use of
G.I.S. often constitute an appropriate technique at the
national level.

The expected output of the project includes :

• Global map of forest cover at 1/2,000,000 carried out
from the interpretation of NOAA-LAC 1990 data.

• Statistical tables on the total areas of the land-cover
classes

• Overall statistics of deforestation by comparison with
existing reliable statistics of 1980-82 (for instance : FAO
1982 Forest Resources Assessment) on a country by
country basis.

Although only high resolution satellite data (SPOT HRV,
LANDSAT TM) allowed to produce rather detailed
vegetation maps, their use is limited at local or national
scales.

Low resolution meteorological satellite data still
constitute at present the only source of information that
can be used with some chances of success for a repetitive
or continuous monitoring of forest resources at the
regional and global levels. However more research is
needed for the optimal use of optical and thermal
sensors (AVHRR) to provide low resolution but global
and near daily measurements of Earth Surface (Réf. 12,
13,14).
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TRAINING COURSES ON APPLICATION OF REMOTE SENSING AND GEOGRAPHIC INFORMATION SYSTEMS IN
MONITORING AND MANAGING TROPICAL RAINFORESTS AND NATURAL ENVIRONMENT

Martin Runkel

Technical University Berlin, Institute of Landscape Planning and Nature Conservation

ABSTRACT

The paper provides an overview on international training
courses on remote sensing and Geographic Information
Systems, which are organized and financed by the German
Foundation for International Development (DSE) in close
cooperation with the Food and Agriculture Organization of
the United Nations (FAO) and the ASEAN Institute of Forest
Management (AIFM).

The main aim is to provide background knowledge as well
as practical experience in the application of air-borne and
space-bome remote sensing and the handling of GIS
techniques in monitoring and managing tropical rainforests
and natural resources. Region of special interest is South-
East Asia. Participants of the courses are foresters,
geographers, landscape planners and persons with related
professions, who already have some experience in the
mentioned topics.

Keywords: DSE training courses, remote sensing, GIS,
South-East Asia

1. INTRODUCTION

In many developing countries there is a well-known lack of
actual and reliable information on land and forest resources.
This may be said especially for the tropical rainforest, its
acreage, condition and changes (or better: loss) over time.
The information lack hampers an efficient and rational
planning of protection and sustainable use of natural
resources. It has a close relation to the social and economic
development.

Remote sensing and related techniques are useful tools to
face this problem. Local and regional inventory and
monitoring can only be done in an economical manner by
using aerial photographs and/or satellite data. In recent years
there has been a quick development of remote sensing
technologies. A wide variety of sensors is available with
different spectral characteristics, geometric resolution and
periodicity. Mainly due to accelerating developments in the
fields of computer technology and computer science, the
methods of measurement, interpretation, classification and
mapping based on remotely sensed data have also undergone
fundamental changes. The combination of remotely sensed
data and other data sources in a CIS give not only an actual

image of the earth's surface, but may provide also a detailed
base for management and planning.

As a matter of fact, the quick change of complex
technologies requires an increasing understanding.
Concerning the mentioned topic, this means a number of
sufficiently trained staff, who is experienced as well in the
application fields as in using the tools of remote sensing and
GIS.

The German Foundation for International Development
(DSE) tries to transfer knowledge by organizing and funding
training courses on the application of remote sensing and
GIS for environmental monitoring and protection, especially
for monitoring and managing tropical rainforests. There is a
close cooperation with the Food and Agriculture
Organization of the United Nations (FAO) and the ASEAN
Institute of Forest Management (AIFM). Considering the
aims of FAO's Tropical Forestry Action Plan (Réf. 1),
which is supported by the government of the Federal
Republic of Germany, the courses should be understood as a
contribution to the plan in the field of educational actions.
They are in context and partly based on similar courses
organized by FAO (see i.e. Réf. 2) . The responsibility for
the structure and thematic contents of two courses in 1991
and 1992, which are reported in this paper, was with the
author.

The course in 1991 was given at the AIFM in Kuala Lumpur
/ Malaysia, whereas the 1992 course begins with the visit of
this ISY conference in Munich, followed by four weeks at
the DSE in Feldafing near Munich.

2. OBJECTIVES

As the title says, the main objective of the courses is to
provide educational and practical training to participants
from developing countries in Asia concerning environmental
applications of remote sensing (airborne and spacebornc)
and GIS. Whereas the course in 1991 on 'Application of
Remote Sensing and Geographic Information Systems in
Managing Tropical Rainforests and Conserving Natural
Resources in the ASEAN Region' was characterized as a
training with mainly practical exercises, the follow-up this
year entitled 'Application of Remote Sensing and Geographic
Information Systems in Environmental and Natural
Resources Management and Monitoring' is characterized by
a more advanced level. The general objectives of the courses
may be summarized as follows.

','?.* S, "'ors'i;"1 o' the International Space Year Conference HeIa m Munich Germany 30 March-4 April 1992
'992:
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The participants should be enabled:

- to communicate with remote sensing and CIS experts
in their countries or home region

- to get an overview and practical experience on
remote sensing and GIS applications in the mentioned
fields

- to gain an understanding of how remote sensing and
GlS techniques could be applied in their home
countries

- to get admittance to several information sources

Following these aims the courses consist of a series of
lectures on background knowledge, integrated lectures and
practical workshops, demonstrations and visits (see below).

The participants should have a university degree or
equivalent qualification in forestry, agriculture, geography,
ecology or related fields and additionally practical
experience in at least either the application of remote sensing
or GIS application for forestry and environmental purposes.
The course in 1991 was attended by 20 participants from
Indonesia (2), Philippines (5), Thailand (4) and Malaysia (9).
The trainees were mostly young civil servants or scientific
research workers in resource management and
environmental planning and protection. The course in 1992
will be attended by 25 participants from Bangladesh (1), Fiji
(1), Indonesia (S), Malaysia (9), Myanmar (1), Nepal (1),
Philippines (2), Taiwan (1) and Thailand (4).

Table 1:

Arotication of Remote Snurint and Géographie Information
System in Managini Tropical Raialbnfts and Contenting

Natural RJoursSin the ASEAN RCCMM

11 November-13 December 1991

Training area: UIu Langat / Kuili Lumpur

Workinop on
AIR-BORNE REMOTE SENSING 4 o.iyi 15 %

- Lecture» in principlei and forestry applications
- Interpretation of aerial photos of UIu Langat (1:40.000)
- Principlei on aerial foreit inventory

Workihopon
SATELLTTE-BORNE REMOTE SENSING

- Principlei of digital image processing
- Automated Clauification or TM-daU
- Viuial Inteipretalion of TM-d«U
- Field work and ground truth

12 days 45 %

Workshop on
GEOGRAPHIC INFORMATION SYSTEM

- Principles of CIS
- DaU input
- Data analysis
- Data output, Thematic maps

8 days 32%

Workshop on
COMPLEMENTARY SUBJECTS

- Cost assessment
- Project formulation

2 days 7 %

V™

1

3. CONTENTS

To fulfil the mentioned aims, the course include three
integrated topics:

air-borne remote sensing

- satellite-borne remote sensing

- Geographic Information Systems and

- Complementary subjects (i.e. workshops on cost
assessment, project formulation, lectures concerning
international activities)

Table 1 provides an overview concerning the training course
in Kuala Lumpur / Malaysia, November/December 1991.
About 70% of the course was done in practical exercises,
field work (gathering of ground truth for the satellite
interpretation and verification of results), practical
demonstrations (GIS SICAD by Siemens-Nixdorf) and visits
(Forestry Department Headquarters Kuala Lumpur and
Malaysian Centre for Remote Sensing, MACRES). The aim
of these visits is to expose participants to several information
sources. In each case there was a general briefing about the
activities of the agency, followed by practical demonstrations
on the databases operated. The visits enable also useful
contacts to various experts.

Additional 30% of the course were done as lectures to
explain theoretic backgrounds and to provide examples of
advanced applications.

The practical work was done in form of hands-on exercises
in small working groups (5 participants and 1 resource
person per group). The technical equipment was mainly
provided by the AIFM. Additional hard- and software was
loaned by the DSE from local companies and installed by the
course leader. For the three main parts of the course the
used equipment was as follows:

- aerial photography:

- 10 pocket stereoscopes

- 10 mirror stereoscopes

- 2 stereomicrometer (height finder)

- space-borne remote sensing:

- 4 PC-based systems with digital image processing
software ERDAS

-GIS:

- 4 PC-based systems with GIS software ARC/INFO

- 3 digitizer AO

- 1 pen plotter AO

To combine the contents of all three parts of the course a
special training area was chosen. This was the area of UIu
Langat, a forest district east of Kuala Lumpur. Beside the
good accessibility of that area the reasons to select it were
the availability of detailed data:

- aerial photographs from 1984, black-and-white, scale
1:40,000 (Forest Department HQ)

T. I
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- data of the forest inventory 1982 (provided in digital form
by AIFM)

- LANDSAT Thematic Mapper satellite data from 1988
(AIFM)

- LANOSAT Thematic Mapper satellite data from 1991
(purchased by DSE)

The availability of those different data sources provided the
opportunity to do a complex and detailed practical training.
The participants were enabled to leam how to integrate data
sources of different kind and actuality to a unique system in
accordance to manage tropical rainforests and to conserve
natural resources. The combination of the working groups,
which included participants from different countries and
professions, gave also the opportunity for detailed
discussions. So the final results of the working groups were
astonishing considering the relative short time. Examples are
shown in Fig. 1 and Fig. 2.

Any system using computer facilities always needs three
basic factors: hardware, software and brainware. For the
input of the brainware, which here means knowledge and
experience as well in forestry and environmental research as
in remote sensing and GIS, the resource persons are
responsible. In the training course at Kuala Lumpur the
resource persons came from Malaysia (3) and Germany (3).
According to their experience, they were involved with
different intensity in the three main parts of the course. The
interaction between participants and resource persons was
very informal and cordial.

HARVESTING CLASSES OF ULU LANGAT
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Fig. 2: Example of a course result

As mentioned above, the course in 1992 is characterized by
a more advanced level. AU participants of that course have
at least 3 years experience in either remote sensing or GIS
applications for environmental purposes. Expressed also in
form of the participation at the ISY conference, the
participants shall be given the opportunity to gain an
overview on recent developments in remote sensing, GIS
and related fields. Due to this aim practical training and
visits cover only 45% of the course. Table 2 provides an
overview on the contents. According to the experience there
will be again one integrated training area for the practical
parts of the course. This year the training area will be in the
Nationalpark Berchtesgaden / Bavaria. The administration of
the Nationalpark kindly provided inventory data in digital
form as weU as multi-date aerial photographs. Other data
sets to be used in 5 working groups are LANDSAT TM data
and a Digital Terrain Model. The equipment to be used will
be similar to that of 1991, which proofed to be suitable. Due
to the fact that there are a lot of organizations dealing with
the course topics in the area of Munich, emphasis will be
placed on visits. Table 2 provides an overview on the course
contents and time schedule.

Fig. 1: Example of a course result
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Table 2:

ApphcatM» of RtMOtC SJMUM Md Geographic InforaiatioB
Sysleui !• EamroMieaUl and Natural Recourses Maaaieneat

aad MouitoriMf

30 March - 6 May 1992

arc*: Natimulpark llercbtea|ade> / BaTaria

ISY-Ct»fercKe / Munich
General lettura / Utenatioul actinticc

8 days 30%

Metho* and Gate studies (lectvrec) «days 25«
- Photogrammelric mebsurements
- Forestry applications

- photointerpretation
- ndir renxHe sensing
- timber harvesting
- dimige evaluation
- function mapping (Fiji Island)

- Environmental applicationi
-GPS
-CIS

Excursions 4 days 15%
-DLR
-Zeiu
- Siemens-Nixdorf
- Institute of Photogrammetiy, University Munich
-GAF
-ESRI

Workshop: Case study - potent, erosion map 8 days 30%
- interpretation of aerial phoioi
- automated clarification of TM-data
- intégration of élévation data (DEM)
- evaluation of potential erosion classes

4. CONCLUSIONS

Although there is up to now only IiItI-; experience, some
final impressions may be stated briefly. They are mainly
based on the 1991 training course in Ki Ma Lumpur:

For Ihf contents of the courses en remote sensing
and GIS are very complex, some parts îhould be
enlarged. In ba?ic courses (like 1991 in Kuala
Lumpur) this may be said especially for tiie CIS part.
Further courses should consicicr tins and either be
scheduled for a longer durance or special courses on
CIS should be given.

Some of the participants complained, that some of
the lectures were difficult to understand and should
be shortened.

- In the application forms for the course an experience
Ln either remote sensing or GIS of at least three years
was recommended. Only a few of the participants
really fulfilled this point. The differences in the level
of experience hampered some parts of the course. In
future the application forms should be much more
detailed.

For the course language is English, there is a
'language barrier' for some of the participants.

+ The importance of courses on remote sensing and
GIS esp. in the ASEAN region is obvious. This is
proofed not only by the interest of the participants
but also by the fact, that the number of applications

was much bigger than the possible number of
participants.

+ The amount of practical work (7096 .;i ,npared to
30% theory) proofed to be very goot' in a basic
course. The guided hands-on exercises in working
groups provide the possibility to have a look beyond
the surface.

+ The selection of one training area with different data
sources enabled the participants to get a clear
understanding on the possibilities and problems of
data integration.

+ The number of S participants and one resource
person per working group may be estimated as a
reasonable number. Some participants recommended
even smaller groups.

+ - Beside the thema.,c course program there were
several social and cultural activities. These were of
great importance as well for a good relationship
among the participants from different countries as for
the relation between participants and resource
persons.

+ The success of the courses was mainly supported by
a very good cooperation of the participants, the
resource persons and the hosting organization AIFM.

In general it may be said, that training courses of the
mentioned form are only one possibility of knowledge
transfer in the application of remote sensing and GIS in
monitoring and managing tropical rainforests and natural
environment. They do not replace other possibilities like a
training on the job or detailed longtime programs. However
they are suitable to provide an overview and some practical
experience and may give some initial ideas for further
decision making.
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MONITORING DESERTIFICATION IN PATAGONIA/ARGENTINA,
USING SATELLITE DATA FOR SUSTAINABLE ENVIRONMENTAL MANAGEMENT

Volker Roenick (Germany)' J. Ayesa (Argentina)^

1GTZ - Deutsche Gesellschaft fur Technische Zusammenarbeit
-INTA - Institute) Nacional de Tecnologia Agropecuària

ABSTRACT/RESUME

The most serious ecological problem of Patagonia is its more
or less gradual desertification, i.e. advancing degradation
and loss of natural resources, especially vegetation and soils,
mainly caused by overgrazing in dominant sheep-fanning.
The project of technical cooperation "Control of Desertifica-
tion in Patagonia" is presented, which is dealing with a) sy-
stematical inventories of desertification processes b) imple-
mentation of measures of control and c) an ecological moni-
toring system.

Keywords:

Desertification;
Patagonia/Argentina;
Desertification, control of-;
Ecological Monitoring System

1 GENERAL FEATURES OF PATAGONIA

The area included in the project lies between 36° and 52°
south Latitude, covering approximately 800.000 sq.km and
including four Provinces: Neuquén, Rio Negro, Chubut and
Santa Cruz. Population density in Patagonia is about 1.4 in-
habitant/sq. km. Rural population is extremely low.

Most of Patagonian surface can be described as an arid-
semiarid region. Annual rainfall goes from 100 to 300 mm.
Moderate to strong winds prevail from the west all year
long. Landscape is hilly with plateaus and the soils are
sandy, with little organic matter. Vegetation, composed
mainly by tussok-grasses and shrubs, contains scarce forragc
value; the vegetation cover is below 50%.

Extensive sheep ranching is the main regional agricultural
activity. More than 13 million sheep graze in Patagonia,
distributed in ten thousand ranches. 67% of the ranchers
own less than 1000 sheep, thus leaving them inside the sub-
sistence level.

Near the end of the 19th century massive sheep introduction
began in Patagonia. Until that moment, Patagonian natural
pastures were enough to cover native herbivores for rage
demands. In only 24 years the sheep stock increased from
none to 22 million, breaking the préexistent balance.

Desertification advance is the main eco-productive problem.
The world desertification, derived from latin déserta facere,
i.e. "to make deserts". sinthesizes the progressive degrada-
tion of all natural resources, especially soil and vegetation.
Anthropic changes, derived from overgrazing as well as
wood cutting for fuel and oil exploitation, are the main
reasons of desertification.

The impact of the desertification process can easily be ob-
served in sheep production and in the natural resources soil,
vegetation, water supply, and wildlife. The main consequen-
ces are described later.

The main impacts of desertification on vegetation are the de-
crease of its cover and diversity. As a consequence, forrage
availability is very low and weed invasion occurs.

The effects of degradation on soils can be observed by soil
horizons' loss, decrease in fertility and in water retention ca-
pability.

Active 'sand tongues', gravel pavements, and active gullies
are the most dramatic and spectacular forms and results of
wind and water erosion.

Natural resources degradation affects directly sheep produc-
tion, creating social and economic problems which are diffi-
cult to solve. The sheep stock shows a constant and impor-
tant decline since the fifties, mainly due to natural resources
deterioration.

2 THE PROJECT "LUDEPA"

In order to cope with Patagonian desertification process, the
Argentine Republic demanded technical and financial assi-
stence at the International Conference on Desertification in
Nairobi (Kenya) in 1977 and to PNUMA, Environmental
United Nations Project.

After this, Germany offered assistence through its Coopera-
tion Ministry, sending a verification mission in 1987. This
mission advised to perform the present project, chosing the
INTA in Bariloche as the coordinating unit.

P'Dceedmgs o> f'e Ccnfd1 S^rrposmm of the International Space Year Conference Held m Munich Germany 30 March-4 April 1992
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With lhe GTZ experts' arrival in August 1990, the Project
started. A planification workshop was performed in April
1991 with German and local experts. Workshop conclusions
were oriented by the determination of project objectives, ex-
pected results and the operative plan. LUDEPA, derived
from the Spanish title "Lucha contra Ia Dcsertificacion en Ia
Patagonia", means "Control of desertification in Patagonia".

Its main objective is to perform desertification monitoring
control in Patagonia. This objective implies:

* to determine systematically the factors affecting the deser-
tification process on a regional basis
* to perform control practices on a pilot scale.

Institution Project members are:

* GTZ, Deutsche Gcscllschaft fur Technische Zusammenar-
beil (German Technical Cooperation Society)
* INTA, National Institute for Agriculture Technology, with
three units or Experimental Stations in Bariloche, Trelew
and Rio Gallcgos
* CONICET, Science and Technology National Council,
with the two units: the CENPAT, Patagonic National Center,
and the IADIZA, Argentine Arid Areas Research Institute
* Buenos Aires University and its center IFEVA.

Also, this Project has back-stopping contacts with the Uni-
versities of Gôttingerï and Karlsruhe for desertification and
télédétection areas respectively.

The expected results arc:

* to establish an Ecological Monitoring System
* to create a Geographic Information System, related to Pa-
tagonian desertification
* to determine the main bio-physic desertification factors and
processes, the relationship between them and with socio-
cultural and socio-cconomical factors
* to describe the desertification magnitude and trend in Pata-
gonia. Regional desertification degree-maps are to be made.
Desertification trend-maps are planned for representative
areas
* to establish at least tree pilot areas for desertification con-
trol
* to develop a strategy for the désertification control in Pata-
gonia and sustainable development of sheep production.

This work is done in three aspects: remote sensing, field
works and control, and socio-economic studies.

One of the main problems at the very beginning was how to
gain experience about desertification and its processes for
the total area of Patagonia. It was obvious that this could
only be done by means of remote sensing. Consequently it
was understood,

a) to start from individual transcts in each province
b) Io have a special working group in each province.

This gave rise to the concept of a decentralized distribution
of PC-systems for digital image processing. Thus, the
equipment, mostly provided by GTZ, is distributed as
follows:

* INTA at Bariloche: 2 units, one of them for the Geogra-
phic Information System
* INTA at Trelew and CENPAT at Puerto Madryn: 1 unit
* INTA at Rio Gallegos: 1 unit
* IPEVA - Institute at the University of Buenos Aires: 1 unit
* IADIZA in Mendoza: 1 unit.

Bariloche is something like the "headquarter", from where
the project is directed and where all informations come to-
gether. The parts of IADIZA and IFEVA should be ex-
plained especially:

IADIZA at Mendoza is not situated in Patagonia, but this
authority had worked on the well-known "Southern Botanical
Transect" in the extreme south nearly 20 years ago. So the
project will be well advised to refer to the specific scientific
experience in Patagonia IADIZA has since that time. Fur-
thermore it is expected that they function as a "transmission
station" to northern Argentina, which also suffers from se-
vere desertification.

The working group of IFEVA, which is the Botanical Insti-
tute of Buenos Aires, is engaged in the spatial and temporal
dynamics of desertification and the developing of a monito-
ring system. There are two reasons for this emphasis on
IFEVA:

a) their scientific experience in the investigation of desertifi-
cation processes in Patagonia and besides in remote sensing
b) this institute is located in the neighbourhood of the Natio-
nal Meteorological Service of Argentina, where a NOAA-
antcna works, so that they have immediate access to this
type of satellite data, which is proposed to be the basis of the
intended Ecological Monitoring System.

Within the above mentioned transects it was agreed to work
with image data on a medium scale (i.e. with MSS), starting
from pilot areas with careful ground-check, and - if necces-
sary - with additional large-scale images (i.e. TM- or SPOT-
data). This experience is then transferred to training areas
within each transect in order to fill the whole line transect
with these findings about desertification. Generally all results
arc transferred at the same time to small scale image data
(i.e. to NOAA), beacuse the gap between the transects shall
be filled with the help of the NOAA-images by interpolation.

3 INDICTORS OF DESERTIFICATION

How can we succeed in getting a grip on the manyfold phe-
nomena of desertification? They must be seen within the me-
chanism of causes and effects:

1
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INTA/GTZ: LUDEPA Lucha contra Ia Descrtificacion en Ia Patagonia
Control or Desertification in Patagonia/Argentina

FACTORS
(CAUSES)

INDICATORS

EFFECTS

Nature: situation, dynamics
Man: population, economy
Natural impacts

^Vegelatior
Hydrologi
Pédologie
Morphody
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N
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Degradation
i— fluvial

Erosion — 4- eolic
*-> chemical

>
Identification
by
Remote
Sensing

MEASURES Measures and
precautions against
desertification

Among the possible factors that cause desertification we
must differentiate between
* changes that originate from nature
* factors caused by man, especially by human settlement and
by utilization of natural resources
* natural impacts (i.e. the eruption of the vulcano Mt. Hud-
son in August 1991 with heavy ash fall in Santa Cruz - Pro-
vince.

As a result the project will require measures in the field of
civil engineering and of course of a certain political level.
Remote sensing is regarded to be an important tool in order
to reach these objectives. Thus satellite data are mainly in-
tended for 3 tasks:

1. to cover the immense area of Patagonia with its 800.000
sq. kms
2. to establish the above mentioned Ecological Monitoring
System, which in our opinion only can be done on the basis
of NOAA-data: with 2 or 3 NOAA scenes we cover all of
Patagonia, with MSS we would need more than 60 images
for area coverage, which could not be done even with 5 well
distributed processing systems, if you additionally take into
account the necessary temporal resolution
3. the image data enter into a Geographical Information Sy-
stem, which shall be established furthermore.

For an evaluation of the ecological situation it is important to
know that Patagonia is completely covered by steppe vegeta-
tion except in the Western parts, in the Andes, where natural
forests predominate. This steppe has a certain natural pre-
disposition to its degradation. This is due to the climatic si-
tuation, especially to aridity, but also due to other physio-
graphic factors. In other words: desertification is not mainly

caused by arid conditions, strong western winds, sparse ve-
getation cover and high evaporation on the soil surface; but
altogether this ecosystem ist very vulnerable and very sensi-
tive to damaging influences, especially those made by man.

So it is a fact that the principal cause of desertification is the
extensive sheep-rising, or more precisely: a profit-seeking
economic system that does not respect the limitations sent by
nature.

Satellite data show very clearly the influence of overgrazing.
One sheep needs between 2 and 10 ha grazing land, depen-
ding on the potential of the landscape units. So paddocks, if
they exist, take up a large area. Normally these limits, which
express very clearly differences in vegetation cover, corre-
spond to the limits of "estancias". These differences are due
to different grazing intensity. They even appear in the land-
scape on the ground and demonstrate that degradation and
desertification are caused by man.

The most striking indicators which obviously give the im-
pression of a desert are the so-called "lenguas", i.e. "sandy
tongues", which are fundamentally shifting sand dunes of an
immense extent. They have a speed of 800 to 2000 m per
year. From their total length and from their speed it can be
calculated that their age does not exceed 70 years, what co-
incides exactly with the introduction of sheep-rising in Pata-
gonia. In publications shifting sand dunes are first mentioned
about 50-60 years ago from the southern province of Santa
Cruz.

Additionally it must be considered that there do not exist any
naturally stabilized "lenguas", from which could be conclu-
ded that they exist as a natural phenomenon of the Patago-
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nian landscape and that they could become self-stabilized by
nature.

On MSS-data they can easily be delected. They appear like
comets. Their path reflects the prevailing direction of winds;
this means that they are shifting from West to East (from left
to right). They surmount morphological obstacles (without
difficulties). Their total length is coming up Io 50 and even
80 km. The total area occupied by such lenguas and other
dunes in Patagonia can be estimated at 40.000 to 50.000 sq-
kms, which is 6% of the total area of Patagonia with an in-
creasing trend.

A supervised clasificalion in the areu of Jacobacci, Province
of Rio Negro, shows five classes of desertification:

1. No evidence of desertification: not present in the study
area
2. Minor desertification: 6% of the area
3. Moderate desertification: 62%
4. Severe desertification: 17%
5. Very severe desertification: 15%

Another example, which is the result of the transfer of expe-
rience in the training sites to the area between the transects
by supervised classification, gives an idea about the order of
magnitude of these different degrees of desertification in Pa-
tagonia, which must be regarded as a first approximation:

1. No evidence of desertification: 11%. This is mainly the
region of the Andes and of river valleys in the north with ir-
rigation agriculture
2. Minor desertification: 21%
3. Moderate desertification: 28% In these parts of Patagonia
there exists already a clear indication of desertification by
degradation of soils and of vegetation and by limitations in
productivity
4. Severe desertification: 28%
5. Very severe desertification: 12%, i.e. these areas are in
an irrecoverable state. As the 28% of areas with severe de-
sertification will be irrecoverable within a few years, it fol-
lows that measures and provisions must immediately be ta-
ken up to prevent the ecological destruction of the Palago-
nian landscape.
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CONTRIBUTION OF REMOTE SENSING AND G.I.S.
FOR RANGELAND MANAGEMENT

IN THE REGION OF OUARZAZATE (MOROCCO)

M. Abou Bekr Seddik GUEDDARI (1)
M. Christian CREPEAU (Z)

(1) Office Regional de Mise en Valeur Agricole de Ouarzazate
(Z) SCOT CONSEIL, Toulouse

geographical key-word* i Morocco, ligh-Atlaa, UkUt,
ouariaiata.

Theejaticai k*y-worde t «nviroontnt, denazification, ateepe
d*gradatloB, rangaland, ovorgraiing.

Technical Hey-worda i land uae, vegetation productivity,
Mpping, reaote B*n*ing, a.I.B.

Ab* tract

Th* rangalaad* in th* ouarsaiat* ar*a ara aeverely degraded
beeauBo of thé overgreaing, thé cutting of woody apoeiee for
fu«l va* and th« ploughing of th« boit rangea.

Th* Mbar* and lah*l obearvatory (MO) and th* Agricultural
DevelopBent Authority of OuarBalat* (ounAO), bav* da«id*d to
carry out a project Cor th* laprovMunt of th*a* arid and
••Bi-arida rengelanda. Th* project ha* thr** coBpoBOBtB t

- Botanical and phytoBaaa Bonitoring, with ground station».
- loologioal and pastoral Bonitoring, with root* **ui>g and
O.I.«.
- Bootoehnioal and aanitary Bonitoriag,

th* Land and

Th* tiehnioal partner* involved in tbl* proj*ot a» i

- th* OUCVAO
- th* d*p*rtB*nt of oattl*-br**ding of th* Hiniitry of
Agriculture (Rabat) f
- th* Kaaaan II Agricultural inititut («abat),
Ton running Inatitut (Ubat),
- th* Tropical veterinary H*dicin* Institut (>aria) .
- th* ICOT COKIIIL conpany (Toulou**) .

Tb* projoct ar*a i* a polygon of laa.ooo ha that «tratch**
fro* Migh-Atlaa paaka (4071B) to Bahara eountri** <oa*i* of
th* Draa). Th* cantr* of thi* ara* i* locatod at ai'» and
«•30W.

Tb* proj*ot baa thr** oonpon*nt* i

* Botanical and phytoMH Bonitoring, with ground station*.
* Ecological and putcral «onitoring, with rwot* Mnaing and
0.1.1.
* Boot*chnieal and aanitary Bonitoring.

TU ICOLOOICUf^IMD TAJTOlAL HOVZTO(IIIW VZTX !.•*

TIiB lony-tcr» •!• of tk« projcet Im r«l«t*4 to tk« p«*ttur*a
UMgMMBt practice* iaptovtwAKt» tlw iaprovMHiit of live-
•tOOk prOaUCtlO», ttW MlMAeMMBt Of tM iBMbitBBt» IiTiBg
•taadard», tb« liMitatioB of land dB*ag«. tk« ooBtrol of
azought «ftHta, «Bd tko koaitorlng of th* «

1. IHT»ODPCTIQ« t

Th* raagaland* in th* OKKVAO nr*a co»»r» about 4,4 «illio»»
hcctara* and oonatitut** th* nain forag* raaouro* for 1,2
•illion *h**p *>d goat*.

Th* r»g*ludi in oursiut* CM b* dlvid*a into thr** typ*>
on th* bali* of altitvd*, v*g*tation and rainfall l th*
•ouatain rang** whioh cov*r 1,5 nillioa hcctar**, th* plain*
and plat*aux rang** covar about 0,7 Billion k*ctar**, and th*
pr*aaharian ranga* aBounting to 1,7 Billion* hcotar**.

Th* r*ng* u** varia* froB • nonadio to a tran*hu*ant «yat*B
d*D*adlng OB th* tritwa oooupying th* area. Tk* rang*luda in
th* CJUITAO BOB* ar* B*v*r*ly i*grad*d brcau» of th*
ovargraling, th* cutting of woody apcoi** for fuel UM and
ploughing of th* beat rangaa in ordar to grow o*r*al*. Thi*
irrational ua* ha* oaua*d th* depletion of rang**.

Am obj*etiv*a *r* t

- reducing th* con**qu*nc** of ov*rgraiing, and
- defining and developing Bore rational raagtland Baaag*MHt
»thod* in tk* arid and «al-arid agro-*oologieal mr*mm.

To B«t thie goal it ie n*c***ary to créât* an operational
*y*t*B to Bonitor th* «viroBMBt and to iaprov* d*oieional
prooaae. Tola i* th* ikort-tuB aia of tkia projict. Thi*
eyetea »111 nee reaotely **B**d !Bag», *Bd a geographical
data baee BaBaged by a a.I.I.

baaed on the ooBbluiaOB ofTb* project Bitkodology ia
aeverel diffuwt data a*t> i

- *at*llit* iBtgia (low, «ad high ruolution for land UM
sapping and v*g*tatlon BOBitoriag) ;
» topographical and theBatioel Bape ;
- fielda-work (botanioal, phyto-ecologieal and pedologioal
ob**rvationa) ;
- r**l *etate, eooic-econoBical and ««Bographioal data.

ThI* data base hae been created by IA* IBaMaB II
Agricultural IBetitut) and mo (Land nnd Town 'leaning
Inatitut) at «abat. It 1* b*»d on ta* Aro/Iafa Mftwar*
running on • au* wcrkitation. It ha* Mvaral ne*Bc***t»i

Th* rang** of tk* Ait I*krl trita* territory have been okooeed
by th* OUITAO in ord*r to ooncantrat* It* rang* BaugeBoat
lavMtigatioB*.

Thia area ie charaoteriied by it* irregular and inauffioeat
raiBfall. The BBBUBI avenge of raiafall at Ikoura fro» UlS
to l»»o ie about IM BB aad variée froB «1 BB to a<7 BB.

ASt lekri i* OM of th* *igkt tribe* that ooaatitute
Bogkraae** confederation. Th* pepulatioa ie about la.OM
iahabitaatB, oOBpoeiBg «1 noueehelde grouped iato Jl
vlllacM. Tk* Alt lekri'laBd oovua BO» than lie.too be with
only »• ha irrigated lead*.

Tj* ragetatlo* Ie eteppic doBinated by Berephytio epeoiee
Jlth a Blow «nwtk *Bd a light v*g*tati*a eever.
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kydxognpky, digit*lia*d (XOB tka topo-graphioal HP
(•nil 1/100000) ;
- kypaoMtry, «igitalieod (re* tin topographical Hp UMl*
l/iooooo) ;
- villitg** aa4 kul*t*i fro», a*rial photographia* ;
- road* ana* traeka, trim **ri*l photograpkiM ;
- paatuxa «*•*, fro» topographical up ;
- IaM UM Uf vagetatioa, fro» aarial paotographiaa and CtOT
imagery.

Hoc* iaforHtlaa »111 M lat*gratad is tk* data MM t

- geological awl gcoMrphologioal unit» ;
- traaakuaaao* ar*a* ;
- cliHtologioal «ata.

Tk* UM o( tki* gcograpkioal «ata MM «ill M>J it *a*i*r to
iat*rpx*t ta* r**wt*ly aaaaaa ing***

TkTM «for iiagM will b* u**a i two in tk* lultiapaotral
•o«*r OB* ia ta* paaoaroKatie Bo4*.

Tk* proMMiag i* ju«t bwlaaiag. It ia Mrfon*d by a
t*eaaiaiaa at tk* ouatlant* Of(Ic*. at I1» Moatp*lll*x
r«aot* *M*iag laboratory of tk* CIUO.

Ta* ratMt* **aaiag technology i* ua*d b«oau.>* of tk*
folloviag aavaatag*>i

- it provUu a ayioptio viw of th* «koi* project ar*a,<

- it* ipatial raaolntioa (10 to 10 at i* auffioiaat to up
tk* Hia Iaa4 UB* typ**;
- tk* r**ult* of tk* iaag* prooMiing o*> b* Integrated in
th* gaogxaphloal data MI*.

Tk* Batkodological objactiv* of thl* iaag* prooaaaing iai
!•) to provid* a pado-Borpkologieal aoniag of tk* ar*a,
a*) to amp tk* HiB vogatal foraatioa*.

•OAA ing** will b* proo****d latar on for bioawaa*
•OBltoriag and for lootut infutatioa prevention. Landaat
iaagaa vill b* «loo procaaiod latar on to *wp larga araaa.
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CARTOGRAPHY OF HAZARDS FROM GEOLOGICAL INSTABIlJTIES: VOLCANIC REGIONS IN PERU

J. CHOROWICZ1, F. GARCIA2, D. HUAMAN-RODRIGO2, B. DEFFONTAINES1,
R. GUILLANDE3, J.-F PARROT1, C. ICHOKU1

1 .Laboratoire de Géologie-Géomorphologie Structurale et Télédétection, Université Paris 6, Paris, Fiance;
2 Institute Geofisico del Peru, Arequipa, Peru; 3 Géoscience Consultant, Paris, France.

ABSTRACT

Research and training activities concerning a test-zone in Fera, in the vicinity
of the town of Aiequipa have been focused on the utilization of space imagery
and other digital data for the cartography of hazards in volcanic areas. High
ground resolution SPOT-XS and -P imagery permitted the follow-up of the
eruption of Sabancaya volcano, from the pre-emptive stage in 1986 to
continuous eruption starting in May 1990. Successive stereoscopic SPOT
scenes have been used to describe and monitor the various geological hazards
linked with the eruption. A geodynamic model has given indications on the
gross distribution of major hazards in the region. Digitized topographic data

appeared to be very efficient for portraying large landslides. Digital Elévation
Model (DEM)prcoessinghas shown forlbe first time in this region a very large
collap™ affecting a whole volcanic caldera. The superimposition in a
Geographic Information System (GIS) of all available geoenvironmental and
geographic data concerning the Arequipa area and the Misti volcano provides
new information on the major geological risks threatening the town of
Arequipa.

Keywords: remote sensing, DEM, GIS, landslides, volcanoes, earthquakes,
geological hazards, Andes.

1. INTRODUCTION

Geological hazards are the most prominent environmental
geological problems in the Andes Cordillera. They are generally
addressed by conventional field work methods. However, new
technics are now available (Refs. 1,2,3,4,5,6,8,9) but have to
be further developed and validated. Most of these technics are
related to space data, either satellite images or Digital Elevation
Models (DEM) generated from topographic maps or directly
from stereopairs of satellite (SPOT) images. Arequipa
< 1.500.000 inhabitants) is the second largest town of Peru. It lies
at the foot of the large Misti volcano and is located 70 km from the
Sabancaya active volcano (Figure 1).

2. THETRAININGPROJECT

Before the eruption of Sabancaya, the Geophysical Institute of
Peru had carried out research and technical programs to monitor
sub-active volcanoes in the area. Remote sensing technics have
been used to observe the Sabancaya volcano, and training
activities are going on in France (GDTA and Paris 6 University).
The Nevado Sabancaya began a vulcanian eruptive process on
May 28, 1990 after four years of weak seismic activity and
fumarolic emission. Aerial photographs and SPOT images were

Figure 1. Location map of study area.

already available: a multispectral vertical view acquired on July
21,1986 and another multispectral scene acquired onJuly 1,1989
in oblique view, forming a stereocouple. Three black spots were
already visible on the 1986 images as a result of ice melting due to
fumarolic vents. The 1989 scene indicated the formation of a
large crater resulting from ice melting, suggesting an increase in
volcanic activity and possible eruption (Réf. 7). In February
1990, this project entered the International Space Year Program,
in the 'Education and Application* Panel (Training in Remote
Sensing Applications, 'Geology, Natural Hazards' Working
Group).

Eruption occurred on May 28,1990, characterized by a drastic
increase in fumarolic activity, noticeable seismic activity and ash
emission over 10 km in altitude. Two weeks later, the plume was
5000 m high. The French 'Centre National d'Etudes Spatiales'
(CNES) decided to support the programming and acquisition of
five successive scenes to follow-up the surface changes induced
by the volcanic activity. Images were acquired on July 1,8 and 14,
and on September 14, 1990. A last scene was acquired on
December 12,1990 but eruption is still going on.

A training course was held in Arequipa in October 1991 with the
participation of CNES and the Groupement pour Ie
Développement de la Télédétection Aérospatiale (GDTA),
focusing on remote sensing techniques to monitor volcanic
hazards and, more generally, geological risks.

Proceedings o> the Centra! Symposium of !he International Space Year Conference Held in Munich Germany. 30 March-4 April 1992
,ESA SP 341 July 1992)



1294

3. VOLCANICERUPTION

SPOT type satellite images, including both panchromatic (10 m)
and multispectral (20 m ground resolution) data have proved to be
efficient in following-up this eruptive process in arid climate
(Figure 2). Onset of mud flows, spread of ash falls, differences in
ash thickness and in surficial melting of ice, ice melting in the
crater, increase of the crater diameter and numerous fractures
were observed and validated by field work.

Figure 2. Morphotectonic changes of the Sabancaya volcano
observed on SPOT images between 1st of July 1989 and 12th of
December 1990. 1: Fumarolic vents; 2: rills and gullies;
3: ashfan; 4: drainage networt; S: fallen ice blocks; 6: fracture;
7: crater; 8: wet ashes I; 9: wet ashes II; 10: boundaries of
Sabancaya volcano; a: pre-existing fumarolic event; b: crater
and fractures, 1st. of July 1989; c: ashfan, blocks and fractures,
1st of July 1990; d: fractures, glacier erosion from fractures and
wet ashes 1,8th of July 1990; e: thin mud flows, wet ashes U, 14th
of September 1990; f: collapse of the external crater rim,
fractures, 12th of December 1990.

The high resolution of SPOT satellite images enables the
follow-up of the evolution of major morphological features
which are related to volcanic activity in a wide area where
observations in the field or from airplanes are difficult. Oblique
views and resulting stereoscopy allow excellent morphological
analysis.

4. REGIONALSCALESTRUCTURALGEOLOGY

Regional structural analysis was carried out using the SPOT data
and LANDSAT-MSS images to locale three different types of
geological hazards: seismic, volcanic and landslide risks in a
wide zone. This analysis resulted in a structural regional model
(Figure 3).

Seismic risk is associated with large NW-SE striking faults. They
are oblique-slip left-lateral faults and not purely normal faults. In
such faults having a noticeable strike-slip component, more

Figure 3. Structural interpretation of the Arequipa région. The
large lines show the major faults and a diffuse pull-apart
including sigmoidal open fracture:.

energy accumulates in the time interval between major
earthquake events than for purely normal faults and the risk is
greater.

The major NW-SE faults are not continuous and form relay zones
of the shape of releasing bends which include sigmoidal
NNE-SSW open fractures allowing the outflow of volcanic
materials. This relay model may indicate the location of major
volcanic risk zones.

The landslide risk develops mainly in the alluvial-lacustrine
clays of the steep sides of the valleys, more particularly the Rio
Colca valley.

5. LANDSLIDEANDCOLLAPSERISKS

A Digital Elevation Model has been generated from elevation
contour lines of topographic maps of the Rio Colca area. It fairly
shows for the first time a large semi-circular collapse of the
Hualca Hualca volcano. This is the final result of an oriented
blast. The SPOT images also show this feature but it is more
evident on the DEM. The Hualca Hualca volcano is of late
Pleistocene age. A large lake was formed up-stream in the Rio
Colca valley, in which clay sedimentation occurred. After the
erosion of the natural dam, the outcropping layers have been
subjected to extensive landslides.

SPOT images clearly show these landslides affecting more
particularly the lacustrine clay deposits and also ancient ashes.
The most important landslides cause large damage to villages and
fields and are related to ENE striking active faults and steep
slopes of the valley.

6. MISTIDATABASE

The main threat in Arequipa is the 5822 m high Misti volcano,
located right above the town. A DEM has been generated from
1:100.000 scale topographic maps. Topographic cross-sections
extracted from the DEM underline the steep slopes of the
volcano: 38% from the summit down to the altitude of 4600,25%
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below and still 9% at the base in the town. Automatically
extracted drainage network shows the main possible routes of
flow of volcanic materials. The narrow Chili valley, located
between the Misti and Chachani volcanoes, would receive a large
quantity of volcanic products during an eruption, occasionally
forming a dam. It may also drive lava flows and lahars down the
town.

A SPOT image shows an important fault zone crossing the town.
The digital geological map indicates the location of soft rocks and
the possible landslides which would be associated with the
activity of the volcano.

7. CONCLUSION

The association of high resolution and stereoscopic satellite
images with Digital Elevation Models at different scales
presently appears as a powerful and efficient tool for monitoring
hazards in volcanic regions. A database in a Geographic
Information System, including other geoenvironmental
information such as geology, land cover, geomoiphology is
useful for risk evaluation. Training associated with
methodological research is the best way to make these techniques
rapidly available and to be of great use to authorities.

In arid climates, satellite imagery of the type of SPOT images is
able to follow-up an eruptive process. Satellite radar data, such as
ERSl should be tested for monitoring volcanic eruptions.

A regional geological and structural study is also necessary to
locate the main risks associated with volcanic processes: (i)
earthquakes linked with strike-slip faults; (ii) landslides linked
with soft lithologie and steep slopes; (iii) eruption linked with
open fractures.
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GEOENVIRONMENT CARPATHES PROJECT
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ABSTRACT

,1

The GeoEnvironment Carpathes project will develop
European Cooperation in the domain of Geosciences and
environment ; it will contribute to a better understanding
of geological phenomena controlling the Carpathian Chain
thus allowing to forecast and locate prospective oil and
gas structures. An objective of the project is also to define
a common methodology to use geocoded remote sensing
data to monitor on soils and vegetation, environmental
impacts of oil, gas and mining or more generally natural
resources exploitations.
The participants are various organisms and institutes
from Western and Eastern Europe. They have already
started to exchange their scientific experience and geolo-
gical knowledge of the Carpathian Chain and will build
together, on selected areas and by using common stan-
dards, a digital data base including topographic data,
geocoded remote sensing images, geological contours,
selected geophysical data, locations of mining and oil ex-
ploitations. Initial and professional training of personnels
is an important part of this programme.

1. HISTORIQUEETGENERALITES

Le projet GEOENVIRONNEMENT CARPATES est né
durant la conférence ISY à Deauville en Février 1990, à
l'occasion des différents contacts qui s'y sont tenus ; il a
bénéficié des nouveaux types de relations qui se sont
instaurées entre l'Europe de l'Est et l'Europe de l'Ouest
durant ces dernières années.
LachaînedesCarpatesprésenteravantagedetraverserde
nombreux pays européens ce qui facilite les projets menés
en commun ; il est important de mieux la connaître, d'une
part sur un plan scientifique (connaissance géologique)
mais aussi sur le plan d'une optimisation de l'exploitation
de ses ressources naturelles, en particulier de pétrole et de
gaz.
Enfin, les problèmes d'environnement sont communs à
tous les pays européens et un des objectifs du projet est de
mettre au point une méthodologie pour évaluer l'impact
sur les sols, la végétation et les cours d'eau des exploita-
tions des ressources minérales ainsi que des centrales
nucléaires présentes dans les zones étudiées.
La télédétection, de par son aspect transnational et trans-
frontière est un outil de choix pour définir une approche
commune et synthétiser les connaissances à l'échelle ré-
gionale.
Enfin la formation des personnels, formation initiale et
formation professionnelle est une part importante du
projet et des stagiaires de pays de l'Est ont déjà été reçus
à l'Ouest.

2. PARTICIPANTSETORGANISATION

Les participants sont des institutions gouvernementales
ou des sociétés privées de l'Europe Orientale et Occiden-
tale situés en:
France, Hollande, Hongrie, Pologne, Roumanie, Tchéco-
slovaquie, Russie/Ukraine.
Le projet est coordonné par le Groupement pour le Déve-
loppement de la Télédétection Aérospatiale, GDTA (France)
qui s'appuie sur un groupede projet qui comprend un re-
présentant de chacun des organismes participant».
France : GDTA, CNES, TOTAL, IFP, ELF, Paris Univ.
Hollande: ITC
Hongrie : Eot vos University - Geological Institute
Pologne : Jagelonian University
Roumanie : Institute of Geology /Geophysics
Tchécoslovaquie : GEOFISICA - Geological Institute
Russie/Ukraine : Ministry of Geology

3. OBJECTIFS

3.1 Objectifs scientifiques

Les connaissances géologiques de la Chaîne des Carpates
sont souvent fragmentaires et «balkanisées» ; un des
objectifs est de confronter les résultats, échanger les infor-
mations et utiliser les données récentes de télédétection
satellitaires pour homogénéiser les connaissances et abou-
tir à une carte synthétique à l'échelle du 1 /200.000, per-
mettant une approche globale et intégrée de la géomor-
phologie et de la géologie de l'ensemble de la Chaîne.

3.2 Objectifs technico-scientifiques

Les participants définiront une méthodologie commune
pour constituer sur des zones test situées à l'Ouest, au
Centre et à l'Est de la chaîne une base de données numé-
riques comprenant des informations sur :

. La topographie. L'altitude sera déduite des cartes topo-
graphiques lorsqu'elles seront disponibles, ou des cou-
ples stéréoscopiques SPOT; l'échantillonnage sera fait sur
une maille de l'ordre de 50 m.

.. Le sol. Les différentes grandes classes de sol seront
identifiéeset entrées dans la base. Elles serontdétenninées
soit à partir des cartes existantes, soit à partir des classes
déduites de l'analyse des données satellitaires SPOT,
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Landsat, Meteor, etc.
Les contours des couches géologiques seront également
homogénéisés dans les zones étudiées et introduits dans la
base.

... Le sous-sol. Une sélection sera faite de certaines don-
nées géophysiques (sismiqucs, gravimétriques, etc.) dont
la prise en compte est nécessaire pour une bonne connais-
sance des phénomènes géologiques.

.... Impacts sur l'environnement des exploitations indus-
trielles présentes dans les zones étudiées. Les documents
de télédétection permettront de localiser avec précision
les exploitations de pétrole, les mines, ainsi que certaines
centrales nucléaires. L'analyse multispectrale de ces do-
cuments devra permettre d'évaluer un état de la végéta-
tion et des sols dans le voisinage de ces exploitations. Un
suivi des phénomènesdansIc temps(qui nefaitpas l'objet
du projet actuel) nécessitera l'utilisation d'images obte-
nues en chronoséqucnces.

4. ASPECTS METHOLX)LOG[QUES

La réalisation des objectifs techniques décrits ci-dessus
nécessite le développement en commun d'une méthodo-
logie précise :

- pour adapter les Systèmes d'Information Géographique
habituels à l'utilisation de données couvrant de vastes
surfaces,

- pour réaliser des «coupes» géologiques assistées par
ordinateur,

- pour normaliser et homogénéiser lesdonnées suivant les
standards adoptés par les Communautés Européennes et
mettre en commun :
. les données spatiales : Spot, Landsat, Meteor, ERSl,

Almaz...
. les données topographiques et d'occupation du sol
. les données géologiques et géophysiques.

5. ASPECTS DE FORMATION

Un séminaire a déjà réuni les différents participants à
Paris en 1991 ; un deuxième séminaire d'avancement sera
réalisé en Hongrie à l'automne 1992. Des stagiaires hon-
grois et roumains sont présents en France et une thèse de
doctorat est en cours.
D'une manière générale, un plan général d'échanges de
personnels et de formation est en train d'être mis en place.

6. APPLICATIONSVISEES

L'analyse et le croisement (SIC) des données de la base
numérique permettra des applications dans les domaines
suivants :
- hydrologie et pollution des eaux de surface,
- risques géologiques : sismiques, glissements de terrain,
inondations,
- érosion des sols.

- structures géologiques profondes : hydrologie, stocka-
ges, réservoirs d'huile ou de gaz,
- grands travaux : impacts d'activités industrielles.

7. APPORTS DE LA TELEDETECTION
DANS LE PROJET

Les données de télédétection sont utilisées à plusieurs
stades :

1. Pour permettre de réaliser une synthèse géologique de
la chaîne des Carpa tes. En effet, des études se sont souvent
arrêtées aux frontières de chaque pays et la connaissance
synthétique de cette chaîne est moins avancée que celle
des Alpes. Il est donc important de parfaire nos connais-
sances, non seulement pour le savoir scientifique en lui-
même, mais aussi en raison des nombreuses potentialités
de ressources naturelles offertes par la région : huileetgaz
en particulier.

Des mosaïques fragmentaires d'images Landsat (surtout
MSS) existent déjà dans certains pays mais il faut les
compléter et les uniformiser (échelle, mode de représen-
tation, données utilisées, etc.).

2. Pour obtenir des modèles numériques de terrain qui
sont essentiels dans de nombreux domaines et en prenv
lieu pour pallier, dans certains cas, à la non existence (o~
la non disponibilité) de cartes topographiques. Les MNT
permettent en outre d'évaluer les risques naturels : glisse-
ments de terrain, phénomènes d'érosion, et depuis peu,
de réaliser des coupes géologiques automatisées incluant
des données de subsurface. Les données de télédétection
sont de plus en plus utilisées dans les Systèmes d'Informa-
tion Géographique ce qui permet ainsi de les croiser avec
des données venant d'autres sources.

C'est grâce aux données multispectrales (TM de Landsat
et XS de SPOT) que l'on peut évaluer l'impact des pollu-
tions causées, sur la végétation et les sols, par les exploi-
tations industrielles majeures qui existent dans les zones
test.

8. LOCALISATIONDESZONESETUDIEES

Bien que l'objectif soit d'aboutir à une étude synthétique
de l'ensemble de la chaîne des Carpates, 3 zones test ont
été retenues pour bâtir la base de données numériques et
mener des études détaillées.

. La zone 1 estsi tuée à l'ouest delà chaîne, au Nord, autour
de la région de BRATISLAVA_et fait environ 10000 km2,.
Elle devrait permettre entre au très de préciser les relations
entre la partie orientale des Alpes et la partie occidentale
de la zore des Carpates. Elle a été le siège de nombreuses
nappes ce charriage qui sont des prospects pétroliers. Elle
contient en Tchécoslovaquie une centrale nucléaire à Ja-
slovske Bohunice.

. La zone 2 est située au Centre Nord de la chaîne. Elle
s'étend sur la Hongrie et représente 50 000 km2. Elle est à
peu près centrée sur la ville de KOSICE.

s V
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La partie ukrainiennecomportcdcs zones de fly sh avec de
nombreuses digitations dont certaines charriées sur plus
de 30 km. Il est très important de comprendre les phéno-
mènes liés à la mise en place des ces nappes et leur liaison
avec le substratum. De nombreux champs d'huile et de
gaz sont présents dans la zone et exploités depuis de
nombreuses années. Dc nouveaux prospects devraient
être proposés.
Une centrale nucléaire de trouve dans la partie tchécoslo-
vaque.
La zone comprend également de nombreuses installa-
tions industrielles : centrale à charbon, aciéries, industries
chimiques.

9. CONCLUSION

LcprojctCéoEnvironnementCarpatesestprévupourune
durée de 3 à 4 ans. Son ambition est d'utiliser conjointe-
ment des données de multiples origines pour améliorer la
connaissance géologique de la chaîne des Carpates en
général et définir, sur des zones test, une méthodologie
commune pour intégrer et croiser des données numéri-
ques, qu'elles soient géologiques, géophysiques ou de té-
lédétection.
L'environnement est un souci commun à tous les peuples
d'Europe et l'analyse des données multispectrales devra
permettre d'évaluer certaines pollutions dans les zones
étudiées. Enfin, le projet permet de nombreux échanges
de personnels et stagiaires. Il est actuellement financé par
les participants ; une demande est en cours de dépôt aux
Communautés Européennes.

LOCALISATION DES ZONES ETUDIEES
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APPLICABILITY OF SATELLITE REMOTE SENSING FOR SLOPE
INSTABILITY HAZARD ZONATION

Nlek Rengers and Robtrt Setters

International Institute for Aerotpact Survey and Earth Scltncet (ITC)
P.O. Box 6 - 7500 AA Entcheda - The Netherlands
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ABSTRACT

Airborne and satellite remote sensing techniques, such as photo-
graphy, Imaging radar and multispectral scanning provide spatially
distributed electromagnetic reflection data from the earth's sur-
face. In a process of digital image processing, these data can be
geo-referenced and be made ready for the production of imagery
for visual interpretation and for introduction Into a Geographical
Information System.

The authors discuss the possibilities and limitations of scale and
resolution of remote sensing Imagery, when it is used for slope
instability hazard analysis. Key factors are the size of the slope
instability phenomena and the various scales at which hazard
maps should be prepared for regional, local and site planning
purposes.

Conclusions are presented about the applicability of available
types of airborne and satellite remote sensing imagery and desir-
able developments for the future are indicated.

1. INTRODUCTION

Since two decades non-photographic Rerr.Ie Sensing has under-
gone an enormous development and has found widespread appli-
cation. However, in many cases strong overselling of the potentials
of Remote Sensing has created disappointment for its users.
The authors are involved in a research program sponsored by
UNESCO, EEC and Netherlands government. This research pro-
gram in the framework of the Decade of Disaster Reduction aims
at the development of Mountain Hazard Mapping methodologies
using PC-based GIS and the transfer of these methodologies to
hazard mapping specialists in the Andean countries Bolivia,
Colombia, Ecuador, Peru, and Venezuela. In the developed meth-
odology the use of remote sensing imagery plays a large role.

2. REMOTE SENSING (RS) AND
GEO INFORMATION SYSTEMS (GIS)

Both digital RS and raster-based GIS are assigning numerical
values to well defined areas (scene elements) of the earth's sur-
face to produce a numerical imago of the earth's surface. Through
a process of Image correction and resampling the geocoded RS
data can be matched with the raster cells of the GIS. This opens
wide possibilities of correlation studies between basic RS data and
thematic information derived from the introduction of digitized
maps in the GIS.

In order to determine which limitations are set to these correlations
it is important to define which type of data with which resolution
are available from digital remote sensing and how these fit to the
thematic information introduced into the GIS from other sources.

The interpretablllty of slope instability features on remote sensed
Images is based on the recognition and identification of elements
assoclaled with slope m Demerits, the study of these Imaged fea-
tures and the deduction of tlteir significance for a particular type of
slope instability.
This definition implies that slope instability phenomena are sel-
domly identified as such, but Interpreted by the analysis of a cer-
tain number of elements pertaining to the slope failure and
characterising its nature. From the definition is becomes clear that
the Interpretability of slope instability phenomena depends in the
first place on the spatial resolution of the images and the size of
the features which can be recognised or Identified and which are
characterising the slope movement. This statement Is also based
on the consideration that spectral Information by itself seldomly
allows for the interpretation of slope movements, it only influences
the contrast of the features which are usually interpreted on the
basis of their land form and pattern.

2.1 Spatial Resolution

The meaning of the word resolution is giving cause to confusion as
it is used with different meanings in photography and in non-
photographic remote sensing.
In aerial photography "ground resolution" is usually defined (see
figure 1) as the minimum number of meters per line pair on the
ground which is still visible as two distinct lines of different colour
or grey tone in the picture.
In non-photographic remote sensing the expression 'ground reso-
lution" is mostly used to indicate the size of the area on the
ground ("scene element" or "instantaneous field of view,
(IFOV)")of which the radiation is integrated to give one radiation
value in the image. When the image Is presented as a picture
without dais reduction, then the ground resolution area will form
the basic element (pixel) of the picture.

In order to prevent confusion the authors prefer to use the ex-
pression 'around resolution cell", which Is equal to the scene
element in non-photographic remote sensing and where the
Resolution in terms of meters per ground resolution cell (Rrn/grc)
is related to photographic resolution in terms of meters per line-
pair (Rm/lp) in the following way (after Naithani, 1990):

/grc Rm/lp (1)

For simplicity reasons in the following text and tables the size of a
ground resolution cell in aerial photography will be rounded off to
1/2.5 x the value for the resolution in meters per line pair as
presented by Naithani (1990).

Figure 1 shows that line-pairs on the ground rrrjst be more than 3
ground resolution ceils wide in order to be detectable on the
image or picture as line-pairs with contrasting greytones or co-
lours. Objects which are not lines but which are irregular in form
nestl a size of at least 3 x 2 ground resolution cells (See also table

Proceedings of the Centra! Symposium of tl~e 'International Space Year' Conference, Held in Munich. Germany. 30 March-4 April 1992
(ESA SP-341. July 1992)
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of figure 2) to be detectable on the basis of their known spectral
characteristics against a contrasting background.

Figure 1: //ne pairs and ground resolution cells (GRC) to define
resolution in aerial photography (alter Naithani, 1990).

A: six GRC resolve three line pairs
B: more than six GRC are needed to resolve three line-pairs.

Detection in this context means that it Is possible to decide if an
object of known spectral characteristics is present or absent at a
defined geographical location.
Recognition means that it is possible to decide if an object of
known form and spectral characteristics is present anywhere In the
picture.
Identification means that it is possible to identify objects of vari-
able form and spectral characteristics on the basis of their form
characteristics and context within the background.

On the basis of their experience with visual Interpretation of
remote sensing imagery the authors have concluded that for
various greytone contrast relationships between object and back-
ground the numbers of ground resolution cells needed to detect,
recognise and identify objects in a picture are as listed in the
figure 2. Behind the number of cells is given in parentheses an
indication of the size (expressed in number of ground resolution
cells) for objects of non elongated shape as is usually the case for
mass movement phenomena. The largest dimension of the objects
is used in the table of figure 5 to indicate which size mass move-
ment features should have in order to be detectable, recognizable
or identifiable in photographic or other type of remote sensing
imagery.

EXTREME CONTHAST
white or black object in
variable grey tone background

HIGH CONTRAST
dark or light object in
grey tone background

LOV CONTRAST
grey tone feature in
grey tone background

Detec-
tion

5-8

(2x3)

10-15

(3x4)

200-250

(10x20)

Recog-
nition

10-15

(3x4)

30-40

(5x7)

400-600

(20x30)

Identi-
fication

20-30

(5x6)

80-100

(8x10)

1000-1500

(30x40)

Figure 2: Number of ground resolution cells (GRC) needed to detect,
recognize or identify objects against backgrounds ol various con-
trast to the object. In parentheses an indication is given of the
minimum dimensions of non-elongated objects counted in numbers
of GRC.

Extrême contrast exists when a completely white or black object is
present against a variable greytone background.
High eonirast indicates a dark or light object against a greytone
background.
Low contrast indicates that the spectral characteristics of the
object do not differ significantly from the background and that
objects car only tie identified or recognized on the basis of their
form characteristics.

This is Illustrated by the figuras 3 and 4 which were derived from a
large scale aerial photograph, which was digitized with a raster
size as if the original ground resolution cell had been 0.3 meter.
The individual pictures were then printed with artificially aggre-
gated pixels as If the ground resolution cell size had been 1 m, 3
m, 10 m, 20 m, 30 m, and SO m.

Figure 3 shows the various ground resolution cell size pictures of
an area in the Central Spanish Pyrenees (Sissakian et al. 1983)
which shows a landslide scar with shadow (giving high contrast) in
the upper middle part and a deposition area of landslide debris in

the central to lower part. The deposition area is recognizable by a
characteristic surface texture (low contrast) and by a surrounding
line of higher vegetation In the pictures with small ground resolu-
tion cell sizes.

Figure 4 shows the same photograph, but now with an artificially
enhanced landslide scar in complete white to show the effect of
extreme contrast on the detectability.
The table of figure 5 shows the sizes of objects which can just be
detected, recognized and identified in photography of various
scales and in various types of non-photographic remote sensing
imagery. The sizes were determined by multiplying the ground
resolution cell size for the type of imagery with the largest of the
two dimensions of the object in the table of figure 2. The ground
resolution cell size for aerial photography was determined by divid-
ing with a factor of 2.5 the values for resolution In meters per
line-pair as given by Naithani (1990).
The values given in the table are only giving an indication of the
order of magnitude of the size of objects, taking into consideration
the contrast as this will influence the relationship between ground
resolution cell size and Interpretability of the object.
When the applicability of Remote Sensing is defined by the spatial
resolution alone, as is done In the table, one should look as well at
the medium size of slope failures. Although sizes of landslides vary
enormously, also for different types of slope failure, it may be
concluded from other studies (Cleaves, 1961; Crozier, 1973;
Carrara, 1982) that the average size of landslides of engineering
importance Is in the order of many tens of metres to a few hun-
dreds of metres. This Implies that the larger of these slope failures
may be recognised on SPOT Panchromatic imagery if there is a
high contrast, but satellite imagery will normally be unsuitable for a
proper analysis of smaller slope instability phenomena.
The authors have shown earlier (Sissakian et al. 1983) the limited
applicability of small scale aerial photography although its ground
resolution cell size is ten times as large as in SPOT Pan. Based on
such experience obtained in several areas under different terrain
conditions, it is concluded that the best type of imagery allowing
for the inventory of slope instability phenomena is aerial photogra-
phy at scales from 1:15.000 to 1.25.000.

2.2 Spectral and temporal information

Additional to the synoptic spatial information, satellite imagery is
also offering spectral information as the reflection intensity data
are obtained In different wavelength bands.

Black and white images obtained In various wavelength bands may
be combined into colour composites of which the false colour com-
posite, comparable to the false colour infrared photography, is the
most common.
Infrared photography, specially sensitive for reglstring differences
in vegetatlonal conditions and variations in soil humidity, has been
used successfully in slope instability studies and for this reason
beneficial results could be expected from spectral remote sensing
data obtained in the Infrared wavelength bands.
However, the size of areas with anomalous drainage conditions or
disturbed vegetational conditions, responsable for anomalous
spectral responses, is generally too small to enable an interpreta-
tion of individual instability features on the basis of spectral
criteria.

Practical applications of spectral information from satellite imagery
are possible when a direct relationship is known between slope
instability and vegetational conditions as described by McKean
(McKean et al,, 1991). Spectral vegetation indices map spatial
patterns of grass senescence which are found to be related with
soil thickness and slope instability, while slope failures In forested
areas expose understory vegetation and soils and also alter the
site spectral characteristics.

A similar approach, but now on large scale, is demonstrated by
Bison et al. (1990), who correlates thermal data with the soil hu-
midity and the pore water pressure to monitor slopes for slope
instability.

Satellite systems, orbiting around the earth, also make it possible
to obtain regularly data from the same area allowing to follow
processes in time. As far as this temporal information of satellite
data is concerned, it can be observed that satellite imagery may
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GRC = 1 m GRC = 3 m GRC - 10 m (SPOT-Pan)

GRC = 20 m (SPOT-XS) GRC = 30 m (LANDSAT TM) GRC = 50 m

Figure 3: Pictures of an area in the Central Spanish Pyrenees showing a landslide
scar with shadow (high contrast) in the central upper part of the picture and a
deposition area of landslide debris (low contrast) in the lower middle part of the
picture. The pictures were derived from a scanned large scale aerial photograph
and have artificially aggregated pixel sizes as it the ground resolution cell (GRC) size
of the pictures would have had values of 1 m, 3 m, 10 m, 20 m, 30 m, antf 50 m.

serve in slope instability hazard impact assessment. Data obtained
shortly after a period of slope instability will show a high contrast
between the zones affected by slope instability and the stable
surroundings, which results in detectable spectral anomalies.

3. CONCLUSIONS ON POSSIBILITIES FOR TODAY

Satellite remote sensing can be a useful source of input data for
GIS used for landslide hazard assessment if the GIS is incorporat-
ing digital image processing facilities.

The application of presently available satellite remote sensing is
limited as far as it refers to the direct mapping of slope instability

features. The spatial resolution does not allow for the identification
of landslides features smaller than 100 m in conditions of favour-
able strong contrast between the feature and the background. If
contrast conditions are less favourable then identification Is even
limited to features larger than 400 metres.
The need for stereo imagery, which is necessary for the interpreta-
tion of the characteristic and diagnostic morphological features of
slope failures, further limits the applicability of an important part of
the presently available remote sensing imagery.

The above mentioned limitations lead to the conclusion that SPOT
imagery can be used for the regional scale landslide hazard map-
ping to outline terrain mapping units. Thematic Mapper images
could be used as well if stereomates for stereoscopic vision are

v f.
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GRC - 1 m GRC -3m GRC - 10 m (SPOT-Pan)

\WM

'1

GRC = 20 m (SPOT-XS) GRC = 30 m (LANDSAT TM) GRC = SOm

Figure 4: Pictures of the same area and with the same ground resolution cell sizes
as the pictures in figure 3, but now with an enhanced slide scar in complete white
to show the influence of extreme contrast on the resolution characteristics of the
pictures with various ground resolution cell sizes. Such extreme contrast conditions
are rarely encountered in imagery of the non-snow-covered parts of the continental
earth.

prepared with help of a detailed digital elevation model of the
terrain.
For larger scale hazard mapping at the medium and large scale it
Is necessary to make inventories of existing landslide phenomena,
for which aerial photography with its good spatial resolution char-
acteristics is needed.

The most evident applicability of satellite data is in the indirect
mapping methods, when landslide controlling factors, such as a
particular geomorphological setting, a lithology or a specific Ian-
duse, are Identified and outlined on the satellite imagery and en-
tered Into a GIS. In practice it implies a combined use of satellite
imagery and large scale aerial photography. For the inventory
mapping and the analytical part of the slope instability assessment
large scale aerial photography is used for representative sample
areas, while the extrapolation of the findings is executed on

smaller scale imagery. In this procedure where local (large scale )
Information is combined with regional (small scale) data the value
of stereo SPOT cannot be overestimated (Scanvic, 1989).

The potentials of the use of radar imagery for landslide hazard
mapping still need further investigation. Results of work on terrain
roughness classification (Slaney and Singhroy, 1991) seem en-
couraging, but problems are still associated with the production of
calibrated and geometrically corrected radar imagery. Such cor-
rected imagery is absolutely indispensable before the data can be
introduced in the GIS for correlation with other thematic informa-
tion on the terrain characteristics.

ERS 1 and probably also JERS data will be used by the authors in
the near future in their research project on mountain hazard map-
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ping (Soeiers at al., 1991), to evaluate the application potential of
radar imagery for terrain roughness classification.
Especially Interesting for application of radar Imagery in tropical
mountainous areas Is the Independence from weather conditions
for the collection of data.

Platfo»

Shuttle

landsat-4/-S

SPOT

HOS
IRS-IA

Year

1983

1982/84

19B6

19B7
19BB

Spectral
Bandt

1
I
4
7

1
3
4
4

Spectral
Range

Radar
VIS/DU
VIS/NIK
VIS/NIR
NIR/TIR
Pan(VIS)
VIS/NIR
VIS/NIR
VIS/NIR

Stereo

No
Ho .
Mo *
No *
No
Its
Its
No
No

Ground Reiolu-
lutlon Cell Size

17-58 •
10m
SO •
30«
(TIR: 120 •)
10 •
20 •
SO •
36.S •

Country

U.S.
», -GIiIuMK
U.S.

FRANCE

JAPAN
INDIA

VIS - visible ; NIR . Near Infrared ;
HIR . Middle Infrared ; TIR - Themal Infrared

* Stereo can be produced using a good quality Digital Elevation Model

Figure 6: Current high resolution satellite remote sensing missions
suitable for GIS applications (Ehlers et al., 1989).

4. WISHES FOR THE FUTURE

A number of wishes from the authors of this paper have emerged
from their work in hazard mapping and as users of remote sensing
data in a GIS environment for this purpose. Although space will not
allow a full treatment of the backgrounds of these wishes, it is
thought useful to express them here as suggestions to those who
are involved in the development of GIS and in the planning for
future remote sensing missions.

1. Long term availability of remote sensing imagery of the types
which are now widely used such as TM and SPOT is essential
for long term monitoring of changes of the earth's surface.

For radar imagery there is a need for high quality geometrical
correction procedures which can lead to standard geocoded
radar imagery, usable for input into GIS. Improvements on
resolution may lead to wider applications of radar imagery in
landslide hazard mapping, if the imagery yields suitable infor-
mation on terrain roughness characteristics.

For optical remote sensing improvements would be welcome
in ground resolution. Ground resolution cell sizes in !he order
of 0.5 to 1 m would be necessary to be able to use satellite
remote sensing for the inventory of landslide phenomena.
Zooming in to areas of particular interest would be an interest-
ing approach.

For an optimal Integration of remote sensing with GIS it would
be profitable to achieve a standardisation in remote sensing of
ground resolution cell sizes and geocoding systems. This will
Improve the possibilities to compare and integrate data sets of
different sources and scales and can reduce the volume of
data sets with a quadtree approach.

5. To Improve their application possibilities in the applied earth
sciences the following Improvements of geo Information
systems will be indispensable.

• the development of better models and decision rules of
general applicability to describe geological and hazard
causing processes

2.

3.

4.

Platform

landsat 6

NOS 2
ERS I
Shuttle

JUS 1
SROSS-I
SPOI- 3

Radarsat
EOS

Vear

1991

1991
1991
1992

IMI
1992
1993

1994
1997

Spectral
Bands

S

4
I
2
1
1
1
1
3
1

196
64
1

Spectral
Range

ran
VIS/NI*
II1R/TIR
VIS/KIR
adar
adar (SIIt-C)
adar (X-SAR)
»dli (SM̂
an
an
VtS/NIR
Radar (SAR)
VIS/NIR
VIS/NU
Radar (SAR)

Ground Resolu-
lutlon Cell Size

15 •
30 •
120 •
Vi m
30 •
25 »
25 •
ZO. «
52x80«
10 •
20 •
30 •
30 •
BOO •
30 •

Country

U.S.A.
U.S.A.
U.S.A.
JAfAN
ESA
U.S.A.
GERHANr
JMfM
INDIA, GERMANY
FRANCE
FRANCE
CANADA
U.S.A.
ESA, JAPAN
ESA, JAPAN

Figure 7: Planned MVMMa remote sensing missions suitable for COS
applications (Enters « *». 1989).

• the development of 3-dimensional and 4-dimensional (in-
cluding the time factor) GIS Systems for the more detailed
analysis of landslide hazards at a large scale

• the Improvement of the user friendliness of GlS systems to
the general public.

6. Th«r» i« « «trong need for education of earth scientists for the
«noiieatlon of remote sensing and oeo Information systems.
Not only should training In these field* be Included in a»
Unhvereity curricul», but also provisions should be made that
experienced earth scientists are offered application courses to
be able to benefit in their work from the possibilities offered by
the application of remote sensing and GIS. There Is presently
in this respect not only a gap between earth scientists of the
developed and the third world, but also between those in the
developed world who have and those who have not had an
opportunity to work with remote sensing and GIS.
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RESULTS OF INTERNATIONAL MEETING HELD IN TUNIS

Mohamed GAMMAR

CENTRE NATIONAL DE TELEDETECTION

Tlit U
Inform

meeting " Urbfnauliort and Remote Sensing, The Geographi
ana Environnent " Md ill T-WIII on December 5 and 6, 1991.

aud on Oa expose of Ua method developed by CNT and ill partners, concerning
he problematic of urban pressure on arablt land in Tunis ; baud on similar
xposes developed by olhtr operators ; and the expose of Iht needs of other

tf'

Baud
the
exposes
parleners, tnt nutting was a good opportunity for a rich debate leading to the
following results :

• The contribution of remote sensing

• The need to initiate remote sensing projects in conjunction with clearly defined
needs.

• The importance of validating the obtained results with the thematic partners.

• The need to concentrate efforts on the integration of these results, by the
partners, into their own information system.

The meeting allowed" participants to prove that a belter understanding of problems
{urbanization, agriculture, natural ressources! requires a South-South and North-
South extended collaboration for a belter control of methodologies and standards.

Keywords : Remote Sensing, Vrlunlullon, environment, South-South ant
Collaboration

The international meeting " Urbanization and Remote
Sensing, Geographic Information System and Evironment "
lies within the framework of the activities of the Experts
Panel. Theme A " Education and Applications " of the 1992
ISY, the International Space Year.

The meeting organized by CNES (France) and CNT (Tunisia)
included about fifty participants from 15 countries,
regional and international organizations and institutions.

About 20 conferences were presented during the four
sessions of the meeting .

- The study of urban pressure on arable land in the region
of the Great Tunis.
- Presentation of similar projects.
- Exposé of other partners' needs.
- The Geographic Information System and Environment.

The results of the studies relating to the planning and
follow up of the environment are very promising as they
already permit :

- A belter understanding of the urban tissue and the
review of the anteriorly set up classifications of urban
planning (Tunis), which will be very helpful to political
officials (Clemont-Ferrand).

- The review of certain previsions about urban
development (the example of Zaire : urban stabilization
and dynamism in the rural area).

- Gain in time when conducting thorough studies of the
various components of development (spatial imbalance,
demography, the evolution of the indusi 1 tissue, the
economic aspects : the examples of Karachi and Qui(o).

Two approaches, based on remote sensing, for the analysis
of uncontrolled urban development (Cairo), gave the
opportunity of making progress in defining the present
state of urbanization and the future evolution tendencies.

It has been noticed that such results wouldn't have been
achieved if the projects had not been closely linked to the
needs. The activities of the CNT (Tunisia) and of similar
centers in other countries created this synergy and
permitted the use of the appropriate technique according
to clearly defined needs.

The discussions following the conferences were a good
opportunity for an open debate about some aspects and
led to the following results :

- The need to validate the space methods and the means
to clarify ambiguities : confusion of the notions of urban
tissue and agricultural plotting, definition of urban
boundaries.

Such a process of validation should involve the users.

- The importance to link space observations to data from
various sources (on-site survey, ground measurement).

Satellite images should be extended to other fields in
addition to the important field of urbanization.

Once such a methodology is implemented, it is ir sortant
to concentrate efforts on the use of the result ? by the
partners : including the results obtained from space
observations into an Integrated Information System (SII),
which should be very helpful in any decision making.

The discussions about (SII) stressed the need of having a
control over a basic information from a multitude of
sources, which should feed the geographic information
systems of the various operators who will be connected.

It has also turned out that the understanding of problems
such as the follow up of pressure on environment,
agriculture, and renewable resources lead to the need of
an extended South-South and North-South cooperation
between high level centers and deprived countries
enabling, thus, a belter control over methodologies and
standards...

The implementation of regional projects should,
accordingly, be encouraged and favoured.

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341, July 1992).
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Following the meeting held in Tunis, it was possible to
concretize the extention project of the method developed
by CNT and its pinners to Burkina-Faso. Thanks to the
support of the French Ministry of Cooperation and
Development, the Burkinese official of Urbanization and
Planning paid a visit to the CNT in January 1991. Such a
visit permitted the determination of the needs of Burkina-
Faso, in terms of urban studies, and the setting up of a
Tunisian-French-Burkinese cooperation programme
aiming at :

- The training of Burkinese technicians about the sateHite
data interpretation and treatment techniques.

- The CNT methodological support for the setting up of a
project studying urban pressure on Ouagadougou.

The programme should last one year, it is already
predicted to welcome 2 or 3 Burkinese to the CNT for a
training in data treatment in April 1992.

I '•, T"-̂  ~ *a ^
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STUDY OF THE CULTIVATED LAND LOSSES AROUND TUNIS

Waft Essahli *, P.N. Pascaud 2

1 Centre National de Télédétection, Tunis; 2 SCOT CONSEIL, Toulouse

ABSTRACT

Tunis is a fast growing city, and the monitoring of its growth
is a very important issue for the urban planners. The CNT
(Centre Tunisien de Télédétection) has designed a project,
named EPUTAT (Etude de la Pression Urbaine sur les Terres
Agricoles du grand Tunis), to provide planners with the
necessary tools for this monitoring. EPUTAT has three main
goals: 1) to map the land use changes in the Tunis district, 2)
to implement a database, 3) to contribute to the revision of the
urban development plan (PDU: Plan Directeur d'urbanisme).
The project is intended to be carried out over a period of two
years. Several institutions are working for the project: the
District of Tunis, the agency for urban development and land
management, the agency for agricultural production, the
national agency for environmental protection. The transfer of
this methodology to other cities and countries has already
started.

1. INTRODUCTION

In 1975, the area of the Greater Tunis was 9,500 ha. With an
annual growth rate of 3.2%, this area is presently close to
20,000 Ha. This growth is a positive fact in some ways, but it
also has some drawbacks, because the control of the urban
development has not been sufficient. The consequences of
this lack of control are a matter of concern:

- space has not been efficiently used (the average density of
the city has decreased),

- spatial unbalance has been maintained (the urban pressure
has been concentrated to the West and the North of the
area),

- rich agricultural land has been lost.
The latter problem is especially severe, since land for
agriculture is a major economic asset for any community.
About 10,000 ha of irrigated land are now at risk. Despite a
law, dated 1983, that protects agricultural land, rich arable
land is still invaded by urbanization, either legal or illegal.

Any urban analysis that establishes a diagnostic and proposes
goals should be based on quantitative data describing the
present situation: land use area estimates and rate of urban
growth. This study is based on using remote sensing as a tool
and a source of data for meeting this requirement by
appraising the pressure imposed by urban growth on
agricultural land. The remote sensing technology was used
because of its well-known advantages:

- it is repetitive (it reduces considerably the number and

duration of field missions, allowing to monitor at a much
higher frequency),

• it provides a global view of the whole urban area,
• it has a good spttitl resolution (10 to 30 meters),
• it has a multi-spectral capability, which provides a means to
sense important parameters such as humidity and vegetative
cover.

2. OBJECTIVES - ORGANIZATION

The CNT (Centre Tunisien de Télédétection) has designed a
project, named EPUTAT (Etude de la Pression Urbaine sur les
Terres Agricoles du Grand Tunis), to provide planners with
the necessary tools for monitoring urban evolution. EPUTAT
has three main goals:

- to map the land use in the Tunis district,
- to produce geocoded information that could be used as a

basis for decision-making,
- to contribute to the revision of the urban development plan

(PDU: Plan Directeur d'urbanisme), and to set up a database
to help monitor and coordinate the development of the
Greater Tunis.

Pilot projects are first designed to develop replicable
methodologies that will be further applied to s?t up a
continuous monitoring on a regular basis. The project is
intended to be carried out over a period of two years. It
involves several Tunisian institutions:

- The District of Tunis initiated the program. Their original
interest was motivated by their need to update the PDU, the
current version of which dates back to 1975. Interest for the
database arose during the definition phase of the program,
and became a second goal.

- The agency for urban development and land management is
interested in generalizing the methodology to other cities.

-The agency for agricultural production is looking for
information on the agricultural land lost to urban
development

- The national agency for environmental protection expects
the project to provide continuously updated land-use maps.
Technical expertise and assistance is financed by the French
cooperation and provided by Geoimage and Scot Conseil,
private companies specialized in remote sensing and dst?
processing services and consultancy. Training is carried out
at every stage, so that the technicians of the District of Tunis
and the other partners can integrate this technology in their
work.

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341, July 1992).
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It is expected that the methodology developed by the project
will be replicable in other cities. The transfer to Burkina Faso
has already started. As an outcome of the ISY meeting held
in Tunis, training actions have been decided in cooperation
with the agency for urban development and land management
of Ouagadougou.

3. METHODOLOGY

EPUTAT is organized in three phases cone?nonding to the
three main goals.

3.1 First Phase

The goal of the first phase of EPUTAT is to map. the urban
evolution over the 1975-1991 period. The maps, at 1/100,000
scale show where urbanization has expanded on previously
cultivated land. The urban zones are extracted from remotely
sensed imagery (MSS and SPOT) using multi-temporal
analysis tools that make use of both spectral and textural
information. As most of the image data processing is
automatized, the methodology is reproducible. The results are
two-fold:

- bi-level maps discriminating urban versus non-urban zones,
- statistical data accounting for the evolution of the urban

area.

The results have been validated by the district. Only minors
errors were detected.

An image-map is also prepared, featuring the limits of the
urban zones at different dates over a 10 meters resolution
color SPOT image. This image is produced by combining the
high spatial resolution of a panchromatic image with the color
content of a multi-spectral image.

3.2 Second phase

During the second phase, maps and cartographic proJvicts are
created to be later incorporated in a database the build-up of
which is a goal of the third phase.

A land use map has been produced for the year 1990. The
following classes were extracted from SPOT imagery : low-
density urban, high-density urban, industrial areas, parks,
water bodies, woods, irrigated crops, annual crops, bare
ground, damaged natural vegetation, orchards. The
classification process utilizes the vegetation index, the bi-level
mask produced during phase one, and it incorporates
morphological operators. The mxp was produced at
1/100,000 scale for the whole of the Tunis district. Some
specific areas, mainly the northern and southern parts, were
mapped in more detail, U 1/50,000. Altitude and slope maps
were also produced from SPOT stereo-pi irs.

3.3 Third Phase

During the third phase, the results produced during phase 1
and phase 2 are provided to several agencies that can use
them. The study will contribute to establish the PDU an;d to
build a database.

The district of Tunis will establish the PDU in 1992. To
monitor the implementation and the effects of the PDU,
several means are needed. Land-use inventories, both in
cartographic (map) and digital (computer file) form, allow for

quantitative assessments and cross checking with socio-
economic data. The map and the file are complementary:
without the file, the map allows only for tedious manual area
measurements. On the other hand, without the map, statistical
analysis of the data does not allow for incorporation of the
effect of the spatial distribution of the observed phenomena.

Several studies have in the past compiled data on land-use,
but none of these is comprehensive. These efforts have
generally been carried out by interpreting aerial photographs,
and it is difficult to reconcile the land-use data with census
data collected at different dates. It is expected that the
introduction of satellite remote sensing will help ease these
constraints.

The district of Tunis is in charge of monitoring and
coordinating the development of the Greater Tunis. This city
is constantly changing, land-use, underground use, and
infrastructure are quickly evolving. The rate of change is so
high that it is required, for the development to be adequately
managed, to have a detailed knowledge of the use of the urban
space. It is therefore necessary to access large amounts of
localized information, and be able to combine them to
produce synthetic analysis allowing for a correct
understanding of the outstanding issues. This requires to shift
from traditional analysis methods (using charts and paper
files) to a computerized technology associating graphics and
alpha-numerical data. This can be done by creating a
Geographic Information System (GIS) that will incorporate an
urban database that will serve to retain memory of the
changes, to monitor the Greater Tunis, and to help plan its
development The District is committed to setup such a
database with the cooperation of IRSIT (Institut Régional des
Sciences Informatiques et Télécommunications).

4. CONCLUSION

This new tool has already started to modify the working
methods of the partners. The field technicians of the District,
for instance, have abandoned the old obsolete aerial
photographs, and now prefer to use satellite pictures for their
surveys. They adapted their classification scheme to fit these
new up-to-date documents.

'•A
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THE WORLD WIDE LAUNCHING CAMPAIGN
FOR STUDENT ROCKETS EXPERIMENTAL PAYLOADS

Hans H. von Muldau

WWLC Organizing Committee (ANSTJ-CNES-HOG-RAMOG)

ABSTRACT

From July 23 to 27, 1992 youth and student
teams coming from many different countries
around the Planet Earth will meet in Hour-
melon, France, to launch experiments and
rocket vehicles of their own design and
construction. Safety will be a major consi-
deration during the campaign, and will be
requested that the propulsive units be pro-
duced from a professional environment. Or-
ganization will be another major topic to
the campaign and the students will have a
great opportunity to share mutual experi-
ence.

The TV, the Press and representatives of
space and/or educational organizations
worldwide will be invited to attend the
WWLC-92 in Mourmelon. After the campaign,
reference documents (books and video) will
be published, and presented at the World
Space Congress in Washington at the end of
August 1992.

Several other events, including ar. in-
ternational seminar for teachers and educa-
tors, will be held in connection with the
WWLC-92.

European Organizations and space clubs are
playing a major role in the preparation of
the WWLC-92, one of the major events of ISY
in the field of education.

TOPICS AND GOALS

In all countries of the developed world
participation on space related activities
is one of the declared goals of the offi-
cial politics. There may be differences
between the major parties upon the details
of the participation but generally all will
participate in one ore another manor. The
use of space technology is planed to be
used for the welfare of the earth popula-
tion. Missions to the planet earth are
wanted.

This is documented by the participation of
the governments in longtime projects with
high cost. (The FRG will spend till to the
year 2000 approx. 12 billions DM).

The United Nations have propagated the year
1992 as the international space year (ISY).
The international astronautical federation
(IAF) installed a committee for the ISY and
shows the efforts of international space
activities by various events and meetings
to the public.

The education committee of the IAF started
by this reason the world wide launching
campaign 1992 (WWLC-92) in USA and Europe.

The US Activities are arranged by the Bo-
eing Defense Space Group, the Rocket Rese-
arch Institute, the C. R. Smith Aviation
Museum and the National Association of Roc-
ketry. The Eurpean Activities are arranged
by the French Space Agency (CNES), the Ger-
man Space Society DGLR, the German Herman
Oberth Society, and the Frencn Educational
Society ANSTJ.

The WWLC-92 is the result of two years of
activities to give young people op-
portunities to show the results of their
participation in space education and to de-
monstrate educators how they could use this
technics in the educational process.

The activities started in January 1991 with
the first meeting of the organizing commit-
tee in Metz, France. The first announce-
ments were made in February 1991 and the
call for participation was published during
the Le Bourget Air Show in June 1991. The
first multinational operating teams, consi-
sting of young people from four European
nations, had occasions for training during
the national French Rocket contest in Au-
gust 1991 at the Mourmelon launching site.
The stand of the art in October 1991 was
explained in the IAF Papers IAF-91-515 and
IAF-91-516 at the International Astronauti-
cal Space Congress in Montreal. In a review
meeting of the organizing committee at end
of Octor-sr 1991 the participation of 25 in-
ternational teams, which had followed the
call for participants, were accepted (see
list Nr I ).

In July 1992 this 25 teams will launch
their rockets at the French launching site
at Mourmelon. In the city of Reims, in the
neighborhood of Mournielon, an educators se-
minar at the same time gives interested

1

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich, Germany, 30 March-4 April 7992
(ESA SP-341, July 1992).
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educators opportunities to learn all about
tne background of this activities and their
application for educational purposes.

The meeting in Mourmelon gives on the one
hand practical opportunities for students
to prove their skills in designing, con-
structing and launching experimental roc-
kets. On the other hand educators have the
opportunity to learn in seminars and with
practical demonstrations how space related
knowledge and practical experiments with
rockets, can be introduced to the education
process in schools and universities.

The campaign gives optical (video and prin-
ted images) and printed text aids to the
Press to explain how space education can be
used to educate young people to cooperate
in teams under sportive conditions, . even
with high sophisticated technical subjects.
The dépendance of success from the skills
and reliability from each member of the
team is one of the great opportunities to
learn team-working.

Our technical culture, which makes the mo-
dern life on this globe as it is, is hardly
understood by the people with low educa-
tion. Too many believe the price for the
technical progress is too high. To under-
stand that there is no way back to the
calmfull world of our grandfathers, without
at he same time' reducing the human popula-
tion of the earth to their level, needs
knowledge of relations and facts.

The enemies of modern technics show severe
lack of consequence, going to their meeting
against technical progress with motorcars
or railways and using telephones for their
appointments. Even the use of electrical
light in their meeting halls shows the lack
of consequence.

There is no way to use the technics only at
her sunny side. This does not mean that
there were no need for responsibility and
clever use of the natural resources. But
cleverness without understanding the rela-
tions in impossible. And nobody can under-
stand without knowledge of the facts. We
understand that the lack of knowledge gives
way to fear and that fear makes enemies.
The only way to a better future is the hu-
man use of human beings and the natural use
of natural resources. Hig level technical
education prepares young people for this
tasks.

Space education is one method to learn by
own trial and errors that the general rules
of the physics and mathematics force to
obedience. The early experience of failures
d'ue to neglecting this relations, saves a
lot of laterdays troubles to the society.
We need informed citizens which are criti-
cal against weak informations and the
speedy activists without controllable dé-
pendances.

The WWLC-92 is held to demonstrate to the
press and the public, that it is possible
to lead young people into a responsible li-
fetime by the use of space education in the
hands on mode.

THE NEED FOR HANDS ON PBOGRAMS.

Human beings are different. This includes,
that their methods of learning are diffe-
rent too. The one learns by pure theoreti-
cal instructions. He than knows what the
other really does but normally has not the
skill to do it himself. The other learns
only by personal experience and own made
faults. He is easily able to do a job long-
time before he understands what he is doing
really. The two branches of education be-
long together to become a valuable member
of the society. A lot of problems in the
past resulted by neglecting one of the
branches of education.

The last 50 years finally led to the
worldwide experience that both ways of edu-
cation can lead to the same level of educa-
tion, if the system gives both types of
humans the same chances. Off course there
will be some differences in the skill of
doing. But the theoretical human should un-
derstand by own experience how much trai-
ning is needed for a skilled workman. The
workman should roughly understand the back-
ground of the physical rules his work has
to follow. In some countries the educatio-
nal system takes note of this facts by in-
troducing different educational systems
with many links between them because not
all understand at the beginning their own
possibilities without personal experience
on the other, the wrong way for them.

Even the theoretical education needs sup-
port by practical experience to held theo-
ries alive. The way to give young people
during their theoretical education oppor-
tunities to prove their practical skills by
doing is called hands on education.

The experience of failing by lack of under-
standing is the best motivation to learn.
Only if one understands how to behave in a
faulty situation he is able to learn from
his faults.

This process has to begin at an early age,
where there is no fear to blame a human
with reputation. After the experience that
a fault from which we understand the re-
asons is no futural danger, we get finally
the experience that it is no shame not to
know but it is a shame to remain ignorant.

The process to learn out of own faults, gi-
ves way to understand that it is always
useful to cross-check the own thoughts by
discussion with others. The truth is a va-
lue itself and becomes a powerful tool
against weak proposals and hypothetical,
not logical, rules.

K * *



1313

List Nr 1
List of preregistered Participants for WWLC-92 at march 1992

Nr. Country Project Proj. Name Status Team- Age Cont. Motor
size person

1
2

3

4
5

6
11
21
8
9

10

11

12
13
1«
15

16
17
18
19
20

22
23
24

Germany RAMOG SCHAEFER III
Germany/ AGTWR/
France Air Esiea AQUARIUS
France/ ENIMESPACE/
Belgium BVRO
Japan YAC YAC- -92
NL NAVRO

NL RSF POLLUX III
UK Bristol/ UKSEDS

ASPIRE
USA USAF
France/ Space concept
Russia Moscow Aviat.
New
Zealand ROTOWA
France/ SATE/
NL RSF
UK NRS
Israel TECANION
CSFR Prague
QUE LAFRANCE/

GISP KMZ 10 B
USSR Kiev
China Beijing
USA SOAR
QUE ARDAA
INT1L CAMP

France MAF/JE7'
Tunesia
Belgium GEA

«» i

** 20

** 12
** 10
** 25

** 25

«it
*
** 10

** 8

* *
7

?
*

** 11
7
*
**

** 8
*tt

** 6
7
7

36 HvM

15-56 FB

20 FB
15-47 GP
20-50 PB

20-50 PB

FF
PB

18-21 FF

16-18 GP

FB
FF
GP
HvM

MZ
GP
GP
PB

10-14 MZ
PB
FF

20-25 FF
FF

Isard

Steam

Chamois
Isard
own-/

KALINITROX
own

Chamois

Isard
Chamois
Koudou

own

no rocket
Chamois

Chamois

Legend:
Status: Knowledge of Model Rocket experiments

Help:

Doc:

** full Knowledge expected
* Basic Knowledge expected
? not known
Need for Help by the Committee
ok No need
+ Help needed
Documentation received
All no need for further Documentation

Cont .
for Registration

Contact Persons in the Committee
for technical assistance
FF = Frederic Fourier
GP = Guy Pignolet
HvM = Hans von Muldau
MZ = Marc Zirnheld
PB = Patrie Beaudou

i-

ï
v. K
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List Nr. 2

Timetable WWLC-92

Date

Sun
19.7.

Mon
20.7.

Tues.
21.7.

Wed.
22.7.

Thur.
23.7.

Frid.
24. 7.

Sat.
25.7.

Sun.
26.7.

Mon.
27.7.

Tues.
28.7.

Wed.
29.7.

Down Workshop
Town Q. Fooh

Arr.
1st. Org

Arr. Org
Arr. Teams

Arr. Teams
Install.

Install .
Controls

TV Control's
Op. ceremony Controls

Controls
Seminar

Controls

results
Cl.os. cerem. Dinner

Depart,
teams

depart.
Org.

Launching Reims
PAD

Install.

Install.
Install.

Install Registration

Sessions
Qual.Laun. Sessions

Press. Laun. Sessions

VIP. Launch
Visit. Seminar

Recovery Session
Dismantel.

Dismantel.

Legend :

Arr :
Org:
Teams :
Inst :
Control :

Registration
Session :
Laun.:
recovery:
results :
Dismantel:
Depart.:

Arrival at the Railway station or by cars.
Organizing Team
Participating Teams at the Launching of Rockets
Installation of the Equipment by the Organizing Team
Qualification and Evaluation of Rockets to get the
Licence for Launching.
:of the Participants at the Teacher's seminar
Seminar Lectures at Reims
Lauching rockets from the launching area
to find the launched Rockets after landing in the area
the presentation of the Telemetry Results at 4 p.m.
removing the Installations
departure of the Participants
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Operational Teams WWLC-92

Launching Area

J Exhibits J

{jphilip Buffet^

I' • » <D
!Telemetry J

/~— ^-t j- -^f Karin Freund ^
X,Xavier BJ^anv 1 1 lai r^J

&

Meteo-

U°|V_

Snack I

Bar J-CMi 1 itary"

( Public
awareness

, I . _^

I

Çphi lippe Cullot^

!Local izat ion /"Thorsten Streil ^

r* Rudolf Sachs ^ (g)
^Stephajj^Coterau^/ *•

Clubs

--•
CFh i Ijp Cicceno^

VIP

(Jlachid AmekranO ^Marcel LeDaron.j

QJ-aurentPr ignac")

C Eric Schmitt
Thierry _L a f r a n c e

TD
I Rampe
{Launching Area

(EmmanuelMichaux^
Sandrine Létaize J
fBelaian Part.1 -/

General Organization

Welcome Rolf Dothagen
TbDTransport —

Camp Logistics—Jean Paul Dardé—i
Safety . Charles Courtin—2

Campaign Info.««TbD • 2
Enegy • Manu Ségarra — 1
Caf eter ia . ToD —1

TbD = To be Determined



1316

ACCXS ATAJ? DE IMtCEHEtOS

VEtS HOUSMELOH

v !•

CHENI.
AEBOCLVB DE
HOURMELON

VERS COKUOH

CUPPERLY

The launching site in Hour-melon VESS CMXLON
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EUROAVIA DESIGN WORKSHOP 1991
ORGANIZATION AND LESSONS LEARNED

Cristian Bank [1], Dr. Norbert Pailer [2]

[1] EUROAVIA President, [2] DORUIER GmbH / PGW

ABSTRACT
This paper presents the lessons learned
during, and results of, the EUROAVIA Design
Contest and Workshop 1991.
During the two weeks of the workshop, 22
students and 12 engineers and scientists
from 11 nations designed a scientific satel-
lite for enhancing the value of the ULYSSES
mission.
In this paper special emphasis is put on
discussing the organizational background and
lessons learned during the preparation and
the course of the workshop, also taking into
account the participants' and industries'
point of view. Those who want to organize
similar events in the future will find some
hints how to optimize their efforts and to
avoid some obstacles.

Keywords: EUROAVIA, ULYSSES, Design Workshop

EUROAVIA DESIGN CONTEST
"The US Space Station 'Fred' (formerly known
as 'Freedom', but the name had to be shor-
tened due to budgetary problems), —"
(Tina Ghataore in her entry to the EUROAVIA
Design Contest.)

The idea to let students work on a con-
figuration study was first conceived in late
1989 in a Biergarten in Munchen. The Inter-
national Board of EUROAVIA controversially
discussed the advantages and disadvantages
of a "central" versus a "décentrai" ap-
proach; the latter meaning to let the
students work in small teams at their home
university with support from institutes etc.
and then to compare the final outcome of the
studies to select the winners. After several
disussions with industry representatives,
the décentrai concept was finally discarded
in May 1990 because of problems to find jury
members to evaluate the contributions and
the uncertainty how to motivate enough teams
all over Europe to participate in a half
year long theoretical work without any
direct contact to the organizing team.
Within the "central" concept, although
generally accepted by then, the idea to let
several teams compete during the workshop

was given up; instead, the contest part was
shifted to the selection ("qualification")
of the workshop participants, who should
then, during the workshop, rather work on a
common task.

After receiving general committments for
support from Dornier (main sponsor) and
ESA/ESTEC (more on the industrial support
further below), posters and leaflets an-
nouncing the event were distributed in De-
cember 1990 to 20 local groups of EUROAVIA,
40 other universities, grandes écoles, col-
leges etc. and 20 space personalities work-
ing in education, information services etc.,
thereby addressing students in 15 European
nations. Special attention was paid to
spreading the information in countries like
Denmark, Ireland, Norway etc. via known
personalities working in the field; only one
announcement was made in a national (German)
journal due to the short time span between
the launch of the project (December '9O) and
the deadline for contest entries (February
'9I). This seemingly resulted in a rather
limited number of participants in the Design
Contest. It is however questionable whether
there would have been considerably more
entries if the organizers would have spread
the information also via other journals: It
turned out to be of major importance to have
a person (rather than a poster) spreading
the news at the universities. Figure 1 shows
that very clearly: personal contacts to the
students were established in Delft, Napoli,
Stuttgart, Hiinchen, and Berlin; the announ-
cement in the journal triggered only the two
responses from Bochum. LEGO and the BMFT
[German Federal Ministry for Research &
Technology] have confirmed similar experien-
ces in comparable projects.

Those interested were asked to write a paper
of max. 10 pages on a freely chosen subject

related however in some way to space
activities. They could decide themselves
whether they wanted to write a technical or
scientific paper, or if they wanted to dis-
cuss management or political topics.

It was explicitely stated that the or-
ganizers did not want to preselect or
preclude any group, they did not want only
satellite specialists. Rather than detailed
knowledge on any satellite subsystem, the
jury would value the paper by how the topic

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich, Germany, 30 March-4 April 1992
(ESA SP-341, July 1992)
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was presented and discussed: it should point
out interdisciplinary relations or problems
in the space domain. "Convince the jury that
you are more motivated and interested to
take part than the rest I ", was the most
valuable hint given.

Until the deadline - February 9th, 1991 -
only nine papers and a few requests for more
information had reached the organizers. But
the papers Kept streaming in, and by
February, 23rd, a total of 57 responses (in
the broadest sense) from 13 countries had
arrived, 48 of them being valid entries to
the Contest. Not only aerospace students had
accepted the challenge, but also physicists,
astronomers, electrical and mechanical en-
gineering students and chemists. And the
reward attracted not only undergraduates,
but some ten applicants held at least a
Bachelor's degree.

The list of topics ranged from "Why Space ?"
to "Tethers in Space", from "Test Facilities
and Procedures" to "Unmanned Lunar Obser-
vatories" .

As can be seen in figure 1, more than 85% of
the responses came from four countries,
namely Italy, Great Britain, the Nether-
lands, and Germany. As figure 2 proves, this
was not due to a selective spreading of
information: the figure gives, grouped by
countries, the number of valid entries to
the Contest divided by the number of univer-
sities contacted in that particular country.
Or, in absolute figures: While e.g. 30
students from 10 universities in Germany
sent in a paper, only two valid entries
arrived from France, although 16 grandes
écoles received the information posters and
leaflets. Certainly that was not the primary
question behind the Contest, but this result
does shed some light on the freedom of the
students in their (national) education sys-
tem. For future projects aiming at inter-
national participation, timing and promotion
of the event should take these differences
into account.

The papers underwent careful evaluation by a
jury consisting of EUROAVIA and Dornier
representatives: quality, style, inherent
knowledge, motivation and other criteria,
such as geographical balance etc., were
applied. Finally, on Sunday, April 7th, 1991,
22 selected students from 11 nations arrived
in Friedrichshafen to embark on the great
adventure - the EUROAVIA Design Workshop ...
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Figure 1: Origins of reactions to the Design
Contest.

EUROAVIA DESIGN VIORKSHOP
"How, this was a great experience. It really
changed my life !"
(Tim Parsons in a TV interview.)

EUROAVIA wants to further European
cooperation in the aerospace domain by
providing opportunities for students to
meet, exchange, and learn by acquainting
them with their future working environment.
With a view to that, the Design Workshop was
initiated with two specific objectives.
Firstly an educational one: the students and
tutors would form a multinational team which
would have to work together very closely to
come to valuable results. Teamwork, coor-
dination, and discipline were required, and
personal contacts between universities in
different countries established. Secondly
EUROAVIA had a more technical goal in mind:
to demonstrate the skill, dedication, and
reliability of students cooperating with
scientists and industry in organizing such
an event and performing a realistic con-
figuration study, an approach which might
later be adopted in industry or institutes
to make low-cost early mission assessments.

These objectives were also accepted and
supported by ESA/ESTEC, as confirmed by
ESA's Director General in his foreword to
the proceedings:

"The benefits from the mutual stimulation
and respect for each others abilities which
result from joint efforts such as the
EUROXVIA Design Workshop, where all con-
cerned concentrate on a common goal, will be
needed if Europe is to succeed with its
cooperative space initiatives. Without
talented and highly competent scientists,
engineers, and technicians, Europe will be
unable to continue its tradition of excel-
lence in science and its strenght in tech-
nology."

In addition to ESA only one of the four big
space companies initially invited to take
part in the project reacted at all to the
EUROAVIA proposal; and the one reply might
mainly be attributed to the personal
interest of two employees. Only later, after
the subject of the study had been fixed,
other partners could be attracted, the last
one just days before the Workshop started.
In the future, one should kick off such a
project with contacting only one main spon-
sor and defining the study objective as
early as possible.
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Thus, it was not before ten days before the
beginning of the Design Workshop that the
industrial consortium supporting the project
was fixed. With LEGO (!) coining in first
with a committment for support in July 1990,
the "core group" EUHOAVIA-Dornier-ESA/ESTEC-
LEGO was confirmed in December 1990. Also
the subject of the configuration study was
finaly agreed upon: after thinking about a
second ULYSSES probe equipped with a solar
sail, a CLUSTER modification for Venus and a
moonbased observatory, the discussion
returned to ULYSSES in the form of the ULYS-
SES Reference Mission:

Complementary to the classical "big" mis-
sions, there is an urgent need for more
continuity in the space research programme.
After a successful operation of a series of
small missions in e.g. Japan and the instal-
lation of the SMEX (Small Explorer) -
Programme in the USA, there is a movement
also in Europe and particularly in Germany
towards small missions. Small is in this
case a synonyme for an unconventional ap-
proach for a satellite design in order to
keep the costs down. A few essential aspects
are:

use of already available H/W,
reduce model philosophy,
simplify test philosophy,
limited redundancy,

- simplify interfaces.

Due to personal contacts to companies and
institutes interested in the subject it was
then possible to involve Fokker, Kayser-
Threde, Kiel University and Imperial College
London and to get a grant from DARA for the
publication of the final report. Another
important aspect of the Workshop was thus to
demonstate the effectiveness of this group's
constellation. The organizers are convinced
that a close cooperation of institutes,
students, agencies, and industry is most
suited for this type of small missions.

In order to introduce the tutors to the
subject and to motivate them for their dif-
ficult task it was most helpful to involve
them in the compilation of the handout. With
that, the handout also became a real source
of reference, covering all fields of
interest. For the students, it might have
been better to distribute the handout before
the Workshop, which was not possible due to
time shortage.

The Design Workshop itself was organised
with a working schedule that can be seen in
figure 3, allocating a total of 73 hours to
the study. The group split up into five
working groups, each covering one specific
subsystem of the satellite.

Although the students did most of the actual
study, the permanent presence of at least
one tutor for each group was decisive for
constant consultation and when it came to
selecting options. The availability of
further specialists, e.g. for costing, CAD
etc. was very helpful and important, but
would not have been sufficient if the sup-
port would have been limited to that.

No study management group was formed in the
first days of the Workshop and soon this
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turned out to be a problem. There was not
enough coordination between the various
working groups to keep all informed on the
status of the design which changed every
hour.

Moreover, the initial plan was to proceed
with "plenary sessions". However it became
obvious that neither these sessions were
suited to making decisions with 25 and more
voices and opinions present, nor had they a
sufficiently coordinating effect on the work
of the various groups.

The students realised a different approach
to decision making and management would be
needed, and proposed the concept of an
"integration session". Each group nominated
one representative to this meeting, and with
a smaller core group of people compromises
were made and decisions were reached much
more quickly. Strong but diplomatic leader-
ship was essential, and after each session
the minutes of the session were distributed
to all participants, while the represen-
tatives reported the most important things
to their respective group members.

Also a Preliminary, a Critical, and a Final
Design Review were held to gather the
results of the design that was established
so far. During these sessions all tutors and
other specialists were present for comments
and council. The success of the Critical
Design Review and the Final Design Review
can be attributed directly to the success of
these above described integration sessions.

The combination of small working booths for
each group with a plenary area in the same
room turned out to be a reasonable arran-
gement. Also one computer per group was
found to be sufficient during normal work
hours; the situation became critical on the
last two days when it came to writing the
contributions for this report.

The accommodation of all students in one
single hotel downtown had a very positive
effect on both joint recreation after retur-
ning from work as well as mutual motivation
for the next day.

The approach described above in combination
with the enthusiasm of each participant made
it possible to get through the enormous
amount of work that had to be done in order
to come to a reasonable satellite design.

This is even more remarkable considering the
fact that the actual amount of time to get
the work done in the respective working
groups was only nine days, since the rest
was occupied by plenary sessions, reviews,
the media day and other events.

Or, as Dr. Kunow, the ULYSSES PI and
representative of the ULYSSES Science
Working Team supervizing the payload working
group, put it:

"I congratulate the students of the Design
Workshop for their excellent work which
fulfilled truly professional standards. The
result was surprising for all of us who have
worked with several professional teams in
the development and implementation phase of
space missions before."

v. !•'
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Figure 3: Design Workshop schedule.

For the organizers it was most impressive to
see that the impetus gained and the
relations built-up during the short time of
the Design Workshop carried many of the par-
ticipants further on: During the last year,
some five practical trainings and three
final thesises for participants with suppor-
ting companies could be arranged, three new
EUROAVIA Local Groups were founded, and
several presentations of the project were
made throughout Europe. Also several
students continued to keep close contacts to
the organizers and tutors, and it was
generally felt that some kind of follow-on
activities should have been foreseen for all
participants. Luckily, EUROAVIA with its
network of Local Groups was able to offer
this at least to about half of the team.

SCIENTIFIC OBJECTIVES OF THE URM
"Penelope - the better half of ULYSSES !"
(Valentino Alaia's proposal of a name for
the URH satellite.)

The primary objectives of the ULYSSES mis-
sion are to investigate for the first time
as a function of solar latitude the proper-
ties of the solar wind, the structure of the
sun / wind interaction, the heliospheric
magnetic field, solar radio bursts and plas-
ma waves, solar X-rays, solar and galactic
cosmic rays and the interstellar /
interplanetary neutral gas and dust.
Experience with previous missions, par-
ticularly in the realm of the earth's mag-
netosphere, has shown that an interdis-
ciplinary approach is essential if the
complex interactions between plasmas, mag-
netic fields and charged particles are to be
studied on a global scale. In the case of an
exploratory mission like ULYSSES, this
aspect is of crucial importance. This
includes the necessity for an in-ecliptic
reference to be provided by the URM mission.

The scientific importance of such a mission
was highlighted in the address of Dr. Kunow
to the workshop participants:

"For many years ULYSSES investigators have
tried to convince space agencies that a
ULYSSES Reference Mission is required to
provide in-ecliptic reference observations
with instruments as much similar to those
flying on ULYSSES as possible. Several pos-
sibilities for simultaneous flights with
ULYSSES failed because of the 4.5 year
launch delay. This is the time to speak up
loud and clear, demanding once more and for
the last time a reference mission for the
polar passages of ULYSSES. But time is run-
ning out very quickly and if no action is
taken within the next few months, an
unprecedented and for the foreseeable future
unrepeatable chance to connect off-ecliptic
observations to the ecliptic is lost.

The ULYSSES Science Working Team at its
meeting in Heidelberg on April 30th [1991]
has with great interest received a report on
the ongoing activities towards a ULYSSES
Reference Mission. It has expressed its
scientific interest and supports the request
to implement such a mission."

In the course of 10 days, 22 students and 12
tutors established the following technical
baseline:

The orbit has an apogee of roughly 100.000
km, allowing for scientific measurements
outside the bowshock of the earth's magnetic
field. The satellite is spinning with 5 rpm
and the spin axis perpendicular to the
ecliptic plane. The satellite is designed
for a launch with Scout II, which carries
some 95 kg into the desired orbit. Figure 4
shows its overall layout.
A cold gas system is used to maintain the
spinning axis within 5 deg perpendicular to
the ecliptic. A platform in the spacecraft
accommodates the experiments on it's lower

. (•
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Figure 4: The URM spacecraft with deployed booms. The experiment boxes,
partially hidden, are mounted underneath the central platform, the subsystem
hardware is mounted on top of it. In order to show the instruments, the lower
thermal protection skirt has been left out here. On the right, the launch
adaptor cone and inside of it the cold gas tank can be seen.

side and the subsystem equipment on it's
upper side. A magnetometer is placed on the
end of one of the three déployable booms to
avoid magnetic interference with the
spacecraft. The booms also damp out nutation
effects. The platform is placed on a launch
adapter cone. The cone is connected with
struts to the edge of the platform to
provide the required stiffness. The power
supply of the URM consists of two solar
arrays, which are arranged around the
"lower" cylindrical and the "upper" conical
part of the satellite and provide some 110 W
of power. The satellite has a passive ther-
mal control system. To save development
cost, ULYSSES, ROSAT and other hardware is
used, in particular for TTC and OBDH, with
some minor modifications. The antenna is the
LGA of ULYSSES providing a suitable
radiation pattern and performance. A
transmitting power of 320 TnV is required,
using an omnidirectional antenna and a
ground-station antenna of 12 m diameter.
Since the OBOH functions are mainly adopted
from ULYSSES (same experiments), it is best
to use its OBDH. A simplified single model
philosophy has been developed in the light
of the reuse of payload and other hardware
from ULYSSES. This means that the
protoflight models for most of the subsystem
hardware and the ULYSSES payload would then
become flight hardware.

The concept study demonstrates that all
requirements, except with respect to the
mass budget have been met already. Assuming
a contingency of 10%, the mass budget ex-
ceeds the current estimated launch
capability of Scout II by 7.4 kg.

By applying standard costing methods, the
total cost of the satellite is estimated to
be in the order of 8 Million Accounting
Units (HAU). Including all other preparatory
work, the launcher and 1.5 year operations,
the estimates total programme cost is rough-
ly 27 MAU.

OUTLOOK
With this very positive experience in mind,
EUROAVIA and some of its partners agreed
quickly to organize the "EUROAVIA Design
Workshop 1992". It will take place in
August, 3rd-l5th, at ESTEC. At the time of

writing, ESA/ESTEC, Fokker Space & Systems,
Kayser-Threde, MAN-NT, DARA, and TU Delft
have already confirmed their support.
EUROAVIA's intention is to install this as a
recurring annual event, each time taking
place in a different country and with
varying supporting companies and agencies,
thus complementing the existing initiatives
for a better European education in space
technology. In opposite to other
initiatives, the idea behind the Design
Workshop is to make it a low-cost project
(ca. 25.000 ECU 'external costs', 100.000
ECU total incl. personnel), and to offer it
for free to the students. It goes without
saying that this is only feasible because of
the many hours of voluntary work of the
organizing team.

Last, but not the least, LEGO is considering
a worldwide contest "Living and working in
space in the year 2500", which shall result
in technically and scientifically sound
concepts of space habitats being modelled
with LEGO material, which will then be shown
in an exhibition touring the world.

Is there a better way to prove how
motivating this event was ?
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EUROAVIA is ...
... the "European Association of Students of
Aeronautics and Astronautics". Founded in
1959 by some 20 aeronautical students from
four countries, it now encompasses some 1000
members in 15 countries. The Association is
run and guided exclusively by students.

In the preamble to our Statutes, the basic
ideas of EUROAVIA are described as follows:

"The age of national interests in Europe is
gradualy coming to an end. Jt is
increasingly important to educate the up-
coming generation of decisionmakers to an
openminded attitude which will allow them to
look beyond and national interests. [... J
EUROAVIA provides a forum for international
exchange and opportunities for education not
to be found at universities."

Amongst others, EUROAVIA's activities
include workshops, international social
gatherings, the quartely journal "EUROAVIA
NEWS", exchange of trainees etc. For this
and other projects, EUROAVIA hasbeen awarded
the 'European Space Trophy 1990 (Best Youth
Work)'.

For more information, please write to:

Cristian Bank
EUROAVIA President
Am Hasenberge 22A
D-3008 Garbsen 1

or contact the nearest EUROAVIA Local Group.

Local Groups are at the universities in
Aachen, Berlin, Braunschweig, (Bucuresti),
Delft, Dresden, Haarlem, Haifa, Hatfield,
Helsinki, Leuven, Liège, London, Madrid,
(Manchester), Milano, Munchen, Napoli,
(Roma), Paris, (Southampton), Stockholm,
Stuttgart, Toulouse, Warszawa, (Wien).
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REMOTE SENSING OF THE EARTH - A PILOT PROGRAM IN GERMAN SCHOOLS

Reinhard Maetzel, GEOSPACE GmbH, Bonn

ABSTRACT

Images are rarely found as means of instruction in
our schools. There is no enthusiastic attitude of
the 70's anymore. Experiences with a series of
print media based on LANDSAT MSS haven't fulfilled
expectations, and presumably led to refusal in
schools. There really is a mental barrier - or at
least indifference - against images at school.
(Synopsis by Breitbach in "Géographie und ihre
Didaktik 4/91", Hildesheim.)
The pilot program "Remote Sensing of the Earth"
tries to move off this barrier in 1992 and to
enlarge the basis for political agreement.

Remote sensing is appreciated by experts as the
ideal medium to observe and analyze spacious
dynamic processes (Dr. L. Beckel in "Satelliten-
bilder im Unterricht", Bonn 1989). It is obvious
that the use of materials like print media,
overhead and prints in school couldn't be
successful, for the dynamics weren't comprehended
well enough. Besides the material there have been
and still are other reasons for these difficulties:

a) The geodr'etic-calibrated anticipation is
primarily focused on geometry, neglecting
radiometric information; even today numerous
CAD-Systems work exclusively with vector
determined information. Now there are some
single efforts with CAD-Systems using pixel data
as background information. Isn't that a sign or
awakening!

b) The "black-out" of our schools concerning remote
sensing is caused last but not least by a lack
of qualified authors working on the contents of
"realization of spacious dynamic processes"
(Dr. L. Beckel) and explaining them with
practical examples. But even if there were an
educational interest, there was not enough
scientific and economic potential in it.

c) Finally you need data for the presentation of
dynamic processes. However, these are normally
not available for the educational sector
because of their costs and the methods of
refinement.

Summing up: there was no determination of the aim
and there wasn't anybody who could have given
reasons for a nominal value for ths schools. More
over, remote sensing still has a touch of
exclusivity in our country. Remote sensing of the
earth remains a strange theme, something not
popular. But now, observing the global change you
can understand more easily than ever what you can
use remote sensing for. Very often EC and UNO
offices see the only chance to come to analyses in
working with remote sensing. In our country after
a long period of permanent research there now
starts a discreet increase of application. It is
worthwhile thinking about the reasons why remote
sensing is still a medium in the ivory tower, why
university science and applications in the Third
World only reflect a little of everyday life, why
- after 20 years - the population and most of
the potential users still don't have any under-
standing for our medium "remote sensing".
There hasn't been any political integration. That
can also be proved by the schedules in our schools.
Some rays of hope can't substitute for a concept.
Our project "remote sensing of the earth" in German
schools is based on this analysis.

We are now starting a pilot program with which we
want to introduce interactive methods in the
teaching of remote sensing.
We are going to make visible in a pilot program in
about 150 schools beginning in 1992:

a) with the help of practical examples that image
data and software for image processing are
relatively simple tools without any exclusive
character. Young people nowadays are used to
PC's anyway. For practical application and
elementary introduction there is no need of any
new didactics.

b) that it is relatively easy to integrate, for
example, themes and procedures of remote sensing
to subjects like Geography, Biology, Physics,
Informatics. It is just a matter of own
experience and experimental sucess to believe
this.

t
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mat it is not necessary to change schedules,
renew them or even invent tiie didactic wheel
again.

V*̂1

d) that the slogan is:
"do it".

"own initiative" or just

The pilot program is meant to work as follows:
Contrary to all common procedures which are
published and propagated by educational
universities and didactic departments, we work
only secondarily with print media; primarily we
use software and image data sets. Naturally we
develop introductional material for application.
To avoid the didactic material to be produced in
retort we are in permanent dialogue with the pilot
schools and w i l l develop the material according to
their experiences. On the other hand there are
already quite a few papers on the theory of remote
sensing available. Therefore, we will especially
provide examples and help for methodical approach
as we find them in everyday application.

- We equip the schools (in the pilot program
Sek. II) with a software program for image
processing and if necessary with complementary
vector-CIS. We have been looking for an
efficient and VGA-compatible software which
works on every PC, which is "state on the art",
practically conceived, tested in operation and
financed.

- '..1O are instructing teachers and some single
students in laboratory courses in our organi-
z'tioii. Tiiere are also some laboratory courses
held at DARA.

- Wi ma';e tne schools determine a regional project
out of tne course's focus, locate a sector for
t.ie project's primary data set and procure the
ddl.i rr;uir9d. You will find many points of
application in school schedules. It may be
throuc',1 discussing street planning, a deposit,
or the construction of a network, that this
c.in b--1 integrated into the lesson, forming
points of view which are absolulely new and
:-vsnLually inciting a partnership with the
corresponding community or regional planning
office concerning the results worked out. What
could be svsn better in a further step is to
Dick out a real development program and
establish a sponsorship. To make this idea more
concrete let ma add that we could already
arrange a very interesting sponsorship between
our first project partner in Gutersloh and a
project in Africa working on the Subject
"pasture land". That is the way a development
program suddenly becomes seizable. It is our
declared aim to provoke a realistic political
relation between the work of development, school
and home. In any case we are charting a way to
make remote sensing more popular even after
ISY, for it will be made seizable in the most
basic meaning of the word.

Summary :
The following guidelines will be valid:

- we want to open the ivory tower of remote sensing
for everybody by engaging the communal interests
and development policies with the charge of the
schools.

- We want to use the Know-how and the engagement
of some expert teachers to break open the barrier
of bureaucracies which are often impeding these
activities.

- We find comprehension and engagement for remote
sensing by the general principle of interaction.

Let me come to the conclusion
- that our pilot project is essentially encouraged

by DARA. There is low expenditure for the
schools. We ourselves meet one quarter of the
expenses.

- it was not my intention to give a synopsis of the
international activities on remote sensing.

- this short briefing was meant as an introduction
to the theme not as a scientific lecture.

- the acceptance of secondary schools and
especially private schools is very high. It is
our big chance that the teachers can freely
choose their educational aids. We all remember
our teachers when we were students. They were
able to fascinate us by building a bridge
between us and the subject, incending interest
in politics. I am fascinated by our approach
because I believe that our solution is going
to hit the mark. If we proceed skilfully we can
change users' comprehension positively. To reach
this aim we need promotion and additional
sponsors for the various projects.
That is the task we want to work on in our
enterprise.

Our work mainly relies on IDRISI-software of the
Clark-University, USA. You can see it on our
project station where the project manager Dr. Bach-
mann and the scientific assistant of GEOSPACE
Dipl.-Geogr. Mb'ller will be at your disposal. You
will have the opportunity there to discuss the
practical aspects. A school already involved in
this project has sent a teacher and some students
for a lively discussion. That she guarantees.

Furthermore we provide sources and supplementary
data in accordance with the University of Bonn that
is supportinn t*-.s pr-0ject. Our school project is
a really political one. The procedures guarantees
the communication of several strictly separated
levels and tasks. It offers new approaches for
the solution of problems to be operated in the
existing Framework of our schools.

j.
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INNOVATIVE INTERACTIVE EARTH SYSTEMS SCIENCE
COURSEWARE FOR MIDDLE AND HIGH SCHOOL STUDENTS

W.Chen1 and G. Miller2

1WT Chen & Company, Inc.. and 2TUe WGBH Educational Foundation

ABSTRACT

An innovative 2-Part Earth systems science course is being devel-
oped for middle and high school students throughout the United
States. The course will be formatted on interactive video discs and
be interlaced with a television monitor and either a Macintosh or IBM
PC compatible computer.

This innovative courseware will enable teachers and students, lor the
first time, to combine historical and the most current text, graphics,
statistical data, audio, and video footage on Earth systems science to
produce creative and dynamic lessons plans, class reports, and pre-
sentations. Earth science phenomena will be presented in the con-
text oi global change and according Io the timescale framework de-
scribed in the Earth systems science literature.

When completed, the courseware, entitled Interactive NOVA-Earth,
may be used by over 100,000 American classrooms each year. H ap-
propriate, the courseware may also be made available in other lan-
guages.

Keywords: Earth systems science education.

pability to present science topics in more exciting ways and in greater
visual depth than a traditional textbook or video cassette can.
Interactive NOVA-Earth will be the fourth course in the series.

WT Chen & Company, Inc. (WTC) is a technology and management
consulting firm specializing in developing space science applications
and educational programs, and is the co-creator of Interactive
NOVA-Eartr- . WTC will help develop and test the courseware in
classrooms throughout the United States.

2. MAJORFEATURES

Interactive NOVA-EMh will combine the enormous data storage
capacity and ease of access of videodisc technology with a color
television (TV) monitor and the interactive capabilities of a personal
computer. These capabilities will enable teachers to use the same
materials with different age groups for different purposes. The
courseware will focus on Earth science curriculum topics and
incorporate research results from NASA's Earth system science
initiatives as well as those of other federal government agencies,
academic institutions, and international partners in the Global Change
Research Program.

t

1. INTRODUCTION

Earth systems science is a core requirement in most middle and high
school science curricula, and has been receiving greater emphasis
recently throughout the United States. For example, curriculum re-
form, as exemplified by the Scope, Sequence, and Coordination
project currently being developed by the National Science Teachers'
Association and piloted in Houston, Texas, calls for Earth science to
be taught as one of four science areas for every year of middle and
high school. This heightened level of interest is coming at a time
when the amount of knowledge in Earth systems science is growing
at ever increasing rates resulting from the Global Change Research
Program. Yet, access by teachers and students to these exciting re-
sults remains limited.

The convergence of cost effective multi-media technologies and the
nation's interest in improving science education, however, has led to
a project funded by NASA to develop an innovative 2-Part Earth sys-
tems science course on interactive videodisc that will make many of
the results from the latest Earth science research available to middle
and high school classrooms throughout the country. The course-
ware, entitled Interactive NOVA-Etrth, is being developed by
The WGBH Educational Foundation and WT Chen & Company, Inc.

The WGBH Educational Foundation is a unit of WGBH TV, which is
one of the flagship public television stations in the United States and
is the producer ol NOVA, its award winning science series. Interac-
tive NOVA is a series of science education courseware being pro-
duced by The WGBH Educational Foundation. Each Interactive
NOVA covers a specific area of science and is designed to be inte-
grated into existing science education curricula and provide the ca-

Earth science phenomena will be presented in the context of global
change and according to the timescale framework described in the
Earth system science literature, namely, thousands to millions of
years, decades to centuries, and days to seasons. Students will
come to view Earth science phenomena not as discrete elements but
as parts of cycles and processes that are interrelated.

Interactive NOVA-Earth will have many features that will serve to
encourage and facilitate its use in the classroom. For example, the
content of Interactive NOVA-Earth will be compatible with ex-
isting Earth science and general science curricula so that it can be
readily integrated with daily lesson plans. The multi-media technology
will enable teachers and students to combine the text, graphics, sta-
tistical data, audio, and video footage to produce innovative and
comprehensive reports and presentations. This flexibility will not only
enhance the teachers capabilities, but also enable students to re-
view materials at their own pace. Finally, this courseware WiN make
available to students and teachers in a very exciting and dynamic for-
mat the knowledge, expertise, and opinions of some of today's world
leaders in Earth systems science and the Global Change Research
Program.

3. COURSEWARECONTENT

Interactive NOVA-Earth will be designed and produced with the
assistance of an Advisory Board composed of content experts, cur-
riculum experts, and classroom teachers. The Advisory Board will in-
clude:

Education and science representatives from NASA
A representative from the National Science Teachers' Association
Academic Advisors
Classroom teachers
Curriculum developers
A curriculum advisor from a publisher

I
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1

The current plans are for Pan 1 of Interactive NOVA-Etrth Io
serve as the introductory videodisc. It will cover the overall concepts
of Earth systems science that have a bearing on existing and devel-
oping curricula, such as geological timescales, processes, models,
and observations. This information will be presented primarily
through short video segments which will present an overview of
Earth systems science, focusing primarily on illustrating processes
rather than terminology or the underlying laws of science.

While the final treatment for Part 1 will be determined after further
research and advisory meetings, the following is a preliminary outline
of the video "mini-documentaries" that will probably be included:

• General overview of global changes in Earth systems
• Discussions of timescales for global change
• Timescale of thousands to millions of years

- core and mantle processes
- plate-tectonic processes
- solar-driven processes

• Timescale of decades to centuries
- physical climate system
- biogeochemical cycles

• Timescale of days to seasons
- weather phenomena
- ocean currents
- ice cap fluctuations
- runoff and weathering
- plant cycles
- cataclysmic tectonic phenomena

• Questions will be addressed regarding how scientists study these
processes and phenomena through land-based and space-based
measurements, and through the interpretation of these data.

Part 1 will be designed to work on a stand-alone basis as a level-one
videodisc, which means that teachers and students will be able to
use it without a computer. Depending upon available resources and
funds, the content of the Part 1 videodisc may be made available on
videotape. This will also enable classroom groups with videotape
recorders to use the materials.

Part 2 will examine in greater detail the Earth system science pro-
cesses presented in Part 1 as well as delve into the underlying prin-
ciples and laws of nature behind them. Unlike Part 1, it will be de-
signed to be used extensively with a computer interface and cover
topics that will include:

• Exterior Structures (landmasses, bodies of water, and the aîmos-
phere)
Weather
Climate
Weathering and soil
Erosion and deposition
Biogeochemical cycles
Interior Structures (core, mantle, crust)
Movements of the crust
Earthquakes and voteanos
Plate tectonics

Thus teachers and students will be able to address and answer a
broad range of Earth systems science questions such as:

What are the relevant phenomena?
How do they happen?
How do we know?
How are they part of natural cycles?
How do they affect me (human or other life on Earth)?
How is humanity affecting them?
How do we observe change in them from the Earth?
How do we observe change in them from space?

4. SOURCES OF INFORMATION

Interactive NOVA-Earth will be created from a range of stock
footage from television shows produced by NOVA and the WGBH
Science Unil, supplemented by footage from NASA and other par-
ticipating government agencies and international organizations.
Stock footage will also be purchased where necessary. All material
will be re-edited and re-narrated, so it will bear IiHIe resemblance to
the format in which it was used in original broadcast programs. Other
needed technical and research materials will be obtained from re-
ports, documents, and Interviews with some of the world's leaders in
Earth systems science and the Global Change Research Program.

With NASA's approval, Asuonaut Kathy Sullivan, Paytoad Comman-
der lor Shuttle Flight STS 45/Mission to Planet Earth, will be the host
and narrator for Inttrtctlv» NOVA'Eirth. Accordingly, a small
amount of new video footage, which may include sequences taped
on STS 45, has been envisioned for inclusion in this project.

5. OPERATION

Intenctlv» NOVA-Earth will be designed to run on a Macintosh
or IBM PC compatible computer, videodisc player, and software. The
Macintosh based system will use HyperCard together with multi-me-
dia software enhancements developed by WGBH. The version for
the MS-DOS platform will be based upon either LJnkWay or ToolBook
software. The equipment configuration that will be needed to oper-
ate Interactiva NOVA-Earth is illustrated in Figure 1.

Figure 1 : Schematic view of equipment configuration needed to
operate Interactive NOVA-Earth.

Two-sided videodiscs can store up to either 100,000 still images and
graphics or sixty minutes of video. The Interactive NOVA-Earth
videodiscs will use several thousand still images and graphics on hy-
pertext cards, and several short video segments. Additional informa-
tion and charts will be stored on the control computer. The menu
structure of the interactive videodiscs will allow teachers and stu-
dents quick access to the video and textual information about each
particular topic they plan to cover in their lessons.

To provide maximum flexibility and facilitate access to the wealth of
information that will be contained in Interactive NOVA'Earth, the
materials will be electronically stored in four modules or areas desig-
nated as Overviews, Database, Activities, and Resources. They will
be represented by icons in the Main Menu that will appear on either
the TV monitor or computer screen as illustrated in Figure 2.

Overviews

[Database] ^Activities

Interactive

Figure 2: Screen icons used to access the Overviews, Database.
Activities, and Resources areas of Interactive NOVA-Earth.

Overviews will contain short narrated video segments/mini-
documentaries about the various topics covered in the course. Each
mini-documentary will be no longer than 2 minutes.

The Database area will enable students to explore the mini-
documentary topics in greater detail. There will be approximately 10 -
20 computer screens of text, statistical data, still photographs, short
video and graphics on 'cards* and short video clips tor each topic
covered in the Overviews section. The information in the Database
will be accessible either through a cascading menu structure or a
'search' function in which cards can be accessed using key words
located on a card.

i.
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The Activities area will provide a multi-media capability with which stu-
dents and teachers can create interactive simulations of scientific
processes, experiments, gamelike activities, and multi-part lesson
plans using all the materials available in the courseware, thereby
making learning a dynamic, exciting as well as an entertaining experi-
ence.

As with the other Interactive NOVAs, the gamelike activity will serve
as a major feature and learning tool for Interactive NOVA-Earth.
Although the concept has not been established yet, the gamelike
activity for this project may be in the tradition of The Giant Juice-
game contained in Interactive NOVA-Race to Save the Planet, which
was the third production in the series.

The Giant Juice' game puts the student in the position of an apple
juice company president who must learn to operate the company
profitably, yet in an environmentally sound manner. This is a tough
task in the face ol an investigative reporter who has uncovered two
major environmental problems, namely, untreated waste water and
pesticide pollution. Students quickly learn that there are no easy
solutions to cleaning up the environment. Stopping the flow of
waste water and curtailing the use of pesticides are not enough since
they would impact the bottom line profitability of the company.

According to "Videodisc and Multimedia Monitor (2/92)," over
100,000 videodisc players currently are in use in American schools.
Thirty percent of these videodisc players are controlled by a com-
puter. If successfully placed in these schools, therefore, Interac-
HVI NOVA-Earth has the potential for exposing several hundred
thousand students per year, especially the next generation of scien-
tists and engineers, to the wonders and excitement of Earth systems
science.

Interactive NOVA-Earth will be released in two stages. Part 1,
which will include materials for teachers, is tentatively scheduled for
distribution during Fall 1992. The following September 1993, Part 2.
centering on the more complex issues of Earth systems science, will
be released with a fully formed teachers and user's guide.

Il is the hope of The WGBH Educational Foundation and WT Chen &
Company, Inc. that Interactive NOVA-Earth will not only serve as
a valuable educational tool in the United States, but will also become
a resource to schools throughout the world.

Finally, there will be a Resources area that will provide students with
software "tools' such as a VkJeoEditor and additional ReportMaker
which will enable them to create their own presentations and multi-
media reports. Additional resources will include a 'Help' capability
which will give specific directions about how to use Inttnctlv»
NOVA-Earth. A Navigator will provide an easy way to move from
topic to topic. A Reference tool will include a Glossary, which will de-
line scientific words used in the Database area; a Chart/Map index,
which provides access to all the charts and maps used in the disc:
and a Bibliography, which will list all the books, videos, and films used
in making Interactive NOVA-Earth.

The courseware will also include a Teacher's Guide with lesson plans
as well as a Handbook which will provide step-by-step instructions on
how to set up the system and to use the software.

To begin a lesson, the teacher or student simply clicks on the desired
area, then proceeds to click on the topics listed in the menus that
follow (see Figure 3). Mini-documentaries and most other color
graphic materials will appear on the TV monitor; and text and simple
charts will appear on the computer screen according to the se-
quencing commands given. Shortly thereafter, the excitement and
learning begin.

Tirmlrlil 5
Bum»

Ocun Dynir

(f~\ Dynimlci (Iropoipnirlc forcing, hill llui,
^J UBtUo, wind lire», ttcJ

^^Cloudlnni {priclpllillon. iviporlillon)

^7A Ridlillon UIr timpiriluri. libido, lie.)

Figure 3: Sample Menu of topics.

6. EDUCATIONALPOTENTIAL

Videodisc use in schools is on the increase, as witnessed by Florida's
recent purchase of videodisc players for every school in the state,
and Texas' recent adoption of a videodisc product as an alternative to
the traditional textbook. Likewise, California is developing curriculum
guidelines for the use of videodisc as a textbook replacement in the
classroom.

'•"I
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LES TECHNOLOGIES SPATIALES DANS L'EDUCATION EN FRANCE

A. ELIE

Cher de Bureau des Innovations Pédagogiques
et des technologies Nouvelles

Direction des Lycées et Collèges (France)

Abstract

Every day the TV news show meteorological images, and
Ariane rocket carries on telecommunicatio or TV satellites.
Remote sensing satellites are using for survey and
monitoring the planet. So, educational systèmes must take
into account space sciences and technologies. French
Ministry of Edsucation works on these technologies. From
individual researches to integration in the official cursus,
experimentations have been necessary to improve the
advantages for education. During these steps the French
Space Agency, CNES, had supported the works, and now,
an official agreement permits to extend the applications and
researches.

Chaque jour des images des satellites météorologiques sont
diffusées par les journaux télévisés, régulièrement la fusée
Ariane emporte des satellites qui servent à améliorer les
télécommunications ou la diffusion des émissions de
télévision; les satellites d'observation de Ia terre aident à
connaître et mieux gérer la planète. Les systèmes éducatifs
ne peuvent ignorer tous ces acquis scientifiques et
technologiques qui interviennent de plus en plus dans la vie
des citoyens.
C'est pourquoi en France, le Ministère de l'Education
Nationale intègre progressivement différentes parties des
technologies spatiales dans les programmes de plusieurs
disciplines. L'observation de la terre constitue actuellement
le domaine scientifique et technique le mieux intégré dans
trois disciplines : les Sciences Physiques, la Biologie
Géologie et l'Histoire Géographie. Ce travail s'est fait en
coopération avec le Centre National d'Etudes Spatiales, de
manière progressive et de plus en plus étroite pour aboutir à
un accord ofliciel de partenariat.

I/ Les enjeux des sciences et techniques spatiales pour
l'Education Nationale

L'utilisation pédagogique des images des satellites
d'observation de la Terre est partie d'initiatives
individuelles de quelques enseignants. Progressivement des
structures de recherches pédagogiques, puis
d'expérimentation à plus grande échelle, ont été mises en
place. Ainsi dès 1981 quelques enseignants, en coopération
avec des laboratoires de recherche, ont testé les possibilités
de traiter en classes des images numériques satcllitalcs. Ces
travaux ont été repris dans une première recherche de
l'Institut National de la Recherche Pédagogique (INRP),
mais une étape importante a été franchie quand la Direction
des Lycées et Collèges a décidé de mener une
expérimentation interdisciplinaire à l'échelle nationale.

Dès le début le Centre National d'Etudes Spatiales a participé à
cette action, à la fois par ses conseils scientifiques, et par son
soutien logistique dans la fourniture d'images SPOT.
Le détail de l'expérimentation étant déjà décrit par ailleurs, nous
attacherons ici à en dégager les intérêts pour le système
éducatif.Une des préoccupations majeures de l'enseignement
français est d'accroître son ouverture vers le monde scientifique et
industriel afin de faire évoluer les contenus et les méthodes. Cette
recommandation est bien prise en compte dans le cadre de
l'enseignement professionnel, mais il y a relativement peu de sujets
qui permettent une telle démarche dans l'enseignement général. La
télédétection est apparue un bon support pour cela. Ainsi en 1972 le
premier satellite de télédétection était lancé, en 1981 les premiers
enseignants commençaient des traitements d'images en classe, en
1991 le CNES et la Direction des Lycées et Collèges signaient un
accord officiel de partenariat. Vingt ans ont suffit pour qu'une
technologie aussi sophistiquée devienne une des applications
majeurs de l'industrie spatiale, et pour qu'elle soit introduite dans
les programmes scolaires.

Quels sont les conséquences et l'intérêt d'une telle expérimentation
et coopération pour l'éducation?

D'abord elle permet une actualisation rapide des connaissances et
un renouvellement des méthodes pour les enseignants et pour les
élèves, grâce à un transfert, quasiment en temps réel, des
connaissances et des applications à partir de l'industrie et des
laboratoires de recherche. Renouvellement et actualisation des
connaissances puisqu'on sait que de nombreuses informations sur la
climatologie ou la gestion de l'environnement ne peuvent être
acquises que par la télédétection, ou encore que la mise à jour des
informations géographiques nécessaires à l'aménagement du
territoire seront fournies par satellite. Il en est de mime pour les
méthodologies qui évoluent vers l'utilisation de systèmes de
traitement de plus en plus intégrateur de données multiples

Deuxièmement les impératifs de qualité liés à cette haute
technologie sont transmis dans la pratique éducative. Pour preuve
on peut constater le niveau quasi professionnel du logiciel de
traitement d'images mis au point, pour, et pan L'Education
Nationale, grâce à des relations suivies entre les pédagogues et les
professionnels. Ce que réalisent les enseignants et les élèves est
proche de la qualité des produits des professionnels. Cette exigence
de qualité se retrouve au niveau des formations nationales faites en
coopération avec le CNES. Les intervenants appartiennent tous à
des pôles d'excellence dans leurs domaines, et un soin tout
particulier est apporté au transfert pédagogique des applications
professionnelles récentes.
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Un troisième aspect positif, en terme éducatif, réside dans
l'approche pluridisciplinaire que nécessite la télédétection.
Elle amène les enseignants à concevoir et pratiquer une
démarche pluridisciplinaire obligeant les enseignants à des
interventions conjointes dans les classes. Actuellement peu
de thèmes éducatifs permettent une telle pratique.
Harmoniser le vocabulaire et les contenus, choisir une
thématique commune, planifier les démarches, constituent
un intérêt majeur pour donner à l'élève une vision non
fractionnée de la connaissance, et l'obliger à mobiliser
différents savoir et savoir faire à propos d'une même
problématique.C'est là un des constats les plus positifs car il
renforce l'esprit de synthèse et valorise les connaissances
acquises dans une discipline par une mobilisation
immédiate dans une autre. On peut prendre l'exemple des
acquis portant sur le rayonnement electro magnétique.
Ceux-ci, seront mobilisés tant en biologie, pour
comprendre Ie comportement des végétaux vis à vis de la
lumière, qu'en géographie pour aider au choix de la
meilleure bande spectrale d'une image et à son
interprétation.
L'ensemble de ces points se traduisent par une valorisation,
à la fois de l'élève et de la pratique enseignante. En effet il
apparaît que les élèves y voient, notamment ceux qui sont
en situation de difficultés, une valorisation de leur travail
et une nouvelle motivation. Travailler sur des images
spatiales, mettre en oeuvre des systèmes informatiques qui
permettent de construire son propre document, avoir
l'impression de participer, même pour une petite part à une
aventure technologique de l'industrie spatiale, conforte et
valorise la pratique pédagogique.

Il/ La coopération entre le Ministère de l'Education
Nationale et le Centre National d'Etudes Spatiales

Les relations entre l'Education et le CNES sont anciennes.
Depuis près de vingt ans cet organisme possède une cellule
éducative qui se préoccupe de transférer vers les jeunes et
les enseignants les connaissances acquises et les
réalisations faites par la recherche spatiale. Au delà des
connaissances c'est aussi transmettre un certain goût pour
l'aventure vers de nouvelles frontières intellectuelles et
physiques.Ces actions ont d'abord été développées en
direction des secteurs éducatifs ou péri-éducatifs en
recherche (groupe pédagogique Frcinet, clubs de culture
scientifique et technique). Lorsque l'Education Nationale a
progressivement mis en place des ouvertures vers les
activités péri-scolaires (possibilité de dégager 10% du temps
scolaires à des activités hors programme, puis mise en place
de projets d'action éducatives), le CNES a pu proposer des
activités s'insérant mieux dans ces nouvelles structures. Il
en a été de même quand il y a eu la mise en place d'un
système de formation continue et que sont apparues des
demandes d'enseignants pour un complément de formation
sur les technologies spatiales.

Ces ouvertures progressives du système éducatif, la demande
croissante des enseignants, l'intérêt de plus en plus grand des élèves
pour l'aventure spatiale ont permis de faire converger l'offre et la
demande. Naturellement certaines disciplines ont intégré
immédiatement ces acquis. C'est le cas des Sciences Physiques,
dont les responsables ont organisé très tôt avec le CNES des stages
de technologies spatiales. Mais l'Espace est resté très longtemps
étranger aux autres disciplines qui pourtant à divers titres pouvaient
être intéressées par ses retombées scientifiques (mathématiques,
Biologie, géographie). La naissance et la progression rapide de la
télédétection spatiale a changé cet état.
La mise en place de l'expérimentation ministérielle et l'intérêt et le
soutien immédiat du CNES ont approfondi les relations entre les
deux institutions. Cela s'est traduit par une augmentation des
formations organisées en commun, la production de documents
pédagogiques , l'analyse commune des résultats intermédiaires de
l'action.
En Juin 1991 à l'occasion du Salon International de l'Aéronautique
et de l'Espace de Paris, la Direction des Lycées et Collèges et le
CNES ont signé une convention de partenariat. Les points
importants portent notamment sur le renforcement du partenariat
scientifique, des actions de formations (alternance régulière de
stages de technologies spatiales ouvert à plusieurs disciplines, et
d'université d'été d'observation de la Terre), le soutien à des ateliers
de cultures scientifiques et techniques, et enfin la production
d'autres produits pédagogiques sur des supports divers.
La prise en compte de nouvelles technologies, telles que celles
relevant de l'industrie spatiale, est donc un travail sur le long terme
pour qu'il y ait une influence certaine dans le système éducatif. De
l'initiative de quelques enseignants passionnés, à une introduction
dans les programmes officiels, un long travail d'approfondissement
et de validation est nécessaire. Une coopération étroite entre
l'Education Nationale et les institutions de recherches augmente
considérablement les possibilités d'intégration des nouvelles
connaissances et méthodes , et le renouvellement des contenus
éducatifs.

\
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ABSTRACT

A computer-based learning system for satellite oceanography
has been developed and distributed worldwide by UNESCO.
At its core is a simple PC-based image processing software
package named Bilko, designed for use on widely available
MS-DOS personal computers. Since 1989 three modules of
images have been published, each containing the software and
a number of image datasets on magnetic disks and a booklet
of printed lessons. The images are datasets of ocean
variables. Educators using the material have responded by
contributing lessons of their own, resulting in the growth of an
educational network which feeds the production of farther
educational material containing examples of satellite data from
all oceans of the world. Further modules are in preparation,
and eventually all the lesson material will be placed on a
compact disc Read-Only Memory.

Keywords: Computer-based learning; Educational network;
Satellite oceanography; Personal computers.

1. BACKGROUND

1.1 The Need for Training in Marine Remote Sensing

Marine scientists have come to make increasing use of remote
sensing methods over the last two decades. Today, satellite
oceanography makes an important contribution to the scientific
study of the sea, because it offers a sampling capability which
is significantly different from, and complementary to,
conventional in situ ocean measurement methods. On the one
hand it provides a unique ability to obtain "snapshots" of the
instantaneous spatial distribution of constantly changing ocean
parameters, at high resolution over wide areas. On the other
hand, satellite-borne sensors are capable of measuring global
distributions of climatically important parameters in a regular,
consistent way over many years.

The present international marine research programmes to
study global ocean productivity and the carbon budget of the
ocean, to measure world ocean circulation and the transfer and
storage of heat by the ocean, and to examine basin-wide
interactions between the ocean and atmosphere, are all
dependent on satellites to provide the spatial context and
overview for local and regional experiments. More immediate
needs to forecast wind and waves over the ocean are
increasingly being met by relying on satellite sensors for input

to numerical models. The development in future of a global
Ocean Observing System for monitoring climatic changes can
only be envisaged because of the effectiveness of satellite
methods in yielding worldwide observations of the sea.

Remote sensing is therefore no longer a specialist technology
pursued by a few oceanographers, but is now used from time
to time by most ocean scientists. As Robinson (Réf. 1) has
pointed out, the consequence of this is that marine scientists
need to be trained in the methods of remote sensing. Some
will continue to specialise in developing the techniques of
marine remote sensing, and they will need specialist training.
Most oceanographers simply need to learn how to use satellite
data, and to be aware of the capabilities and limitations of
satellite sensors. This paper is concerned with a UNESCO
initiative to encourage training in the use of marine image data
from remote sensing instruments. The initiative was prompted
by a forward look to the requirements of training marine
scientists for the next century (Réf. 2). This noted that remote
sensing could be a particularly useful tool for scientists in
countries lacking large resources of conventional
océanographie equipment, because it can provide ready access
to large quantities of satellite observations of local seas at
relatively low cost.

2. PROBLEMS IN PROVIDING TRAINING

There are a number of obstacles which could hinder the
worldwide spread of training in satellite oceanography, and
which had to be addressed by the UNESCO initiative.

• There is a shortage of experts in the field of
knowledge. Although satellite data is now perceived to be of
importance for all oceanographers there are relatively few
experts with the confidence to offer anything but the most
basic of training. Thus it was appropriate to design training
materials for use in distance learning without recourse to local
experts. In this way teachers of marine science could use the
material to educate themselves before using it with their
students.

• The nature of the subject is quite different from other
fields of study. Whilst it is possible to teach the theoretical
basis of marine remote sensing using a standard textbook

P'oceeamgs of the Central Symposium of the International Space Year' Conference HeIo m Munich Germany 30 March-4 April 1992
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approach (Refs. 3-5), this does not always inspire scientists to
use the techniques subsequently. Since the basis of remote
sensing lies in physical science, marine earth scientists and
biologists may not be motivated to study it. What is needed
is to provide students with direct experience of processing and
analyzing image data, and to learn through handling it how
useful, and stimulating of ideas, image data can be.

• The material required for learning by hands-on
experience of satellite data is not readily available in many
countries. Whilst most teachers of oceanography will have
seen a few satellite images, they do not have easy access to
digital datasets. Yet it is not enough just to provide satellite
pictures. Pictures tend to lead to qualitative analysis whereas
the goal of the ocean scientist is to make quantitative
statements about the ocean. Learning experience must
therefore include the analysis of digital image data, to be
supplied as part of the teaching programme.

• The analysis of digital datasets requires the availability
of computer equipment and software. Satellite data processing
involves the handling of large volumes of data, and using
large and expensive computing facilities. Until very recently
specialised image analysis computers were required to analyze
image data, and these were not suitable for teaching purposes,
and not available outside specialist centres of remote sensing.
However, once data has been processed into a calibrated,
atmospherically corrected image dataset, it can be examined,
in its digital form, using much simpler computing facilities.
A major object of the UNESCO initiative was therefore to
provide a system for giving students experience of handling
digital image data using cheap, universally available personal
computers.

• A final potential obstacle lies in the danger that those
responsible for providing training will assume that instruction
in general methods of remote sensing is appropriate for marine
scientists. In fact, such are the significant differences between
the methods of marine remote sensing and the conventional
methodologies for land applications of remote sensing that it
may even be counterproductive to send an oceanographer on
a land-based remote sensing course. Much ocean image data
is either single channel, or multi-channel preprocessed to a
single image field of data (e.g. sea-surface temperature or
chlorophyll pigment distribution), and the emphasis in
standard courses on classification and multispectral analysis is
misplaced. For this reason, image analysis software and
hardware which would be considered inadequate for general
remote sensing is often perfectly saiisfitluiy for
océanographie work. This has led to the development of
software matched to the requirements of marine science.

3. A SIMPLE IMAGE PROCESSING TOOLKIT

The approach required to cope with the problems discussed
above, led to the commissioning of a basic image analysis
system which would be at the heart of all lesson material.
Thus was produced Bilko, an image display toolkit software,
written for personal computers operating with MS-DOS. To
enable it to run on the majority of PCs throughout the world,
it was deliberately kept simple, requiring just 640 kB of
memory and an EGA display (a later version makes use of
improved aspects of the VGA display). The desire for
universal compatibility has prevented the inclusion of certain
otherwise useful features, such as the use of a mouse, or the

ability to print the screen images, but this does not detract
from the use of Bilko for ocean applications.

Table 1. Bilko Main Menu

Load image

Load LUT

Load palette

Display image

Histogram

Modify LUT

Modify image

Modify palette

Save image

Save LUT

Save palette

Cursor

Filters

Multi image

Transect

Miscellaneous

The purpose of the Bilko toolkit is to enable students who
have no other computing skills to display, enhance, analyze
and interpret remotely-sensed image data of the ocean. It is
intended that users should "learn by doing". Therefore all the
functions are accessed through a simple screen menu; the
contents of the Main Menu are shown in Table 1. Information
prompts and secondary menus appear when required, and
contextual help information is never further away than the
press of the H key (see Fig. 1). Students should be able to

Figure 1. Example of one of the Bilko HELP screens.

work on their own without supervision, and as far as possible
the software has been designed to eliminate situations where
the machine fails to respond and the isolated user is forced to
abandon the work in dismay.

It should be emphasised that Bilko is not a complete remote
sensing image data processing system. It is not designed for
handling "raw" image data and cannot be used, for example,
for image rectification. It is intended to be used in an
educational context with previously prepared image data
supplied with lesson material. Iu primary purpose a to
enable users easily to display digital images in a way which
demonstrates their rich information content. Within seconds
of starting, a user can have an image on the screen, and thus
in an educational situation attention is focused where it



belongs, on the image data, rather than on the software
techniques which place it there.

There are two types of function employed by all users at the
most basic level:
• Display enhancement functions enable cosmetic
changes Io be made which allow the spatial patterns of !he
image to be more readily interpreted. For example the palette
of 16 colours can be varied interactively, or a 16-level grey
scale can be used with a VGA screen. The 4-bit display is a
limitation imposed by the policy of requiring access to cheap
PCs throughout the world. The images, however, are stored
and handled as 8-bit binary files. Therefore the look-up tables
for mapping eight bits into four can be interactively adjusted.
• Data access functions provide a simple way of
reaching the "numbers behind the image". It is important to
teach occanographerslhat satellite images of the ocean are not
simply pictures of the sea. Rather, each full screen image
contains 512 x 256 = 131,072 individual scientific
measurements of a particular property of the sea. The use of
the cursor on the screen can point to the value of any pixel,
while the transect function draws a profile of values along a
specified line. To the student of marine science, moving the
cursor over a sea surface temperature field derived from a
satellite infra-red sensor becomes equivalent to using a
research vessel and temperature probe to explore the spatial
distribution of sea temperature. To the oceanographer, the
transect display corresponds to the trace from a temperature
sensor as a research vessel traverses a cruise track.

Further functions allow more complex operations to be
performed, such as filtering and smoothing. There is also a
number of multi-image functions provided. Whilst it is not
possible to display more than one image at a time, two can be
compared in quick succession, masking can be applied to one
image based on >Jie values in another and two images can be
input to simple arithmetic functions to derive a new image.
There are a number of other utility functions provided, for
example to save images, palettes and look-up tables, and to
add or read header text.

Although Bilko was never intended to be more than a teaching
tool, and is by no means a comprehensive image processing
system, it has nonetheless been used successfully for research
purposes. Because it can be used on any PC it has sometimes
proved to be more convenient to use than more complete
systems requiring specialist hardware. Any dataset in the
form of an 8-bit binary file can be displayed by creating a
separate header file defining the number of pixels and lines in
the image.

4. TEACHING MODULES

The image analysis toolkit was first distributed free of charge
by UNESCO in 1989 (Réf. 6) as part of its Training and
Education in Marine Sciences (TREDMAR) Programme. It
was part of a mixed media module consisting of a printed
booklet containing lesson text material and accompanying
magnetic disks containing the programme and a number of
image files to be used in the Icison. The booklet includes an
introductory tutorial which leads a student sttp-by-step
through the different functions using test images. Then follow
seven lessons on different aspects of marine remote sensing
including the temperature of N.W.European waters from
NOAA AVHRR data (see Fig. 2), the colour of the North
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East Atlantic using Coastal Zone Color Scanner data, and
airborne scanner images of Southampton Water. Students
work through the printed lessons as they would any other
distance learning material, with the difference that in this case
they interact with their computer to analyze the images
provided on the disks.

Figure 2. An image of sea surface temperature around the
Shetland Isles, used Ui a Module 1 lessons, as displayed on the
Bilko screen. Higher temperatures arc lighter shades.

Each lesson commences with a statement of its overall aim
and specific objectives so that a student working in isolation
can judge the extent to which they have learned what is
intended from the lesson. The lesson text provides
background information about the study area, details of the
location of the image and how to convert the pixel value on
the screen (a number between O and 255) into an ocean
measurement. For example, the thermal images have been
pre-processed, calibrated in terms of sea-surface temperature,
geolocated and resampled onto a regular latitude-longitude
grid. The heart of the lesson consists of a series of steps
instructing a student which functions of Bilko to use and which
image files to load. It contains questions to draw out an
interpretation and océanographie analysis of the information
contained in the images. Some answers are provided so that,
although learning is intended :o flow from exploration of the
digital image by interacting with the computer, students are
not left without clear guidance. The lessons themselves are
graded with » progression through the module. Earlier lessons
teach students how to display, enhance arid manipulate images
and to recover the physical measurements represented by the
pixel values. Later lessons assume these skills and point more
to the océanographie value of the image data.

The Second Module issued in 1991 (Réf. 7) contained the
same combination of text on paper and software and data on
disks. The improved version of the software Bilko 1.2
allowed display in grey tones on • VGA screen, and use of a
reduced image size in a 256 colour mode. It also introduced
a new image format enabling the header information to be
incorporated into the image data file, and permitted images
larger than the 512 x 256 screen to be lubtampled for display
and manipulation. Module 2 included lessons based on images
from a wider range of examples of marine image data,
including sea surface temperature in Australian waters, an
estuarine system Li Brazil and the seasonal variation of



magnitude of the signatures of bathymétrie features. For
example. Pig. S is a histogram of part of the SAR image.

Figure 3. Bilko screen displays of the chlorophyll
concentration derived from CZCS in the Lidian Ocean in
January 1979 (upper) and July 1979 (lower). Higher
Chlorophyll values appear brighter in this greytone display.

Figure 5. Bilko histogram display from the image of Fig. 4.

Another innovation in Module 2 was the inclusion of a lesson
based on two dimensional "image" data representing the
vertical distribution of velocity in the sea varying with time,
as measured using an acoustic Doppler current profiler. This
is not remotely sensed data in the commonly accepted use of
that term, but the nature of the data lends itself to analysis
using the Bilko toolkit (Fig. 6). It usefully supplies a
conceptual link between conventional and remotely sensed
data, and may help marine science students to realise the
complementarity between satellite and in situ methods of
ocean observation.

phytoplankton in the Arabian Sea (Fig. 3).

Another lesson enabled students to display and analyze a
Scasat synthetic aperture radar (SAR) image of the Dover
Straits in which bottom bathymetry is reflected in the radar

Figure 4. Scasat SAR image of the Dover Straits as displayed
on the BMo 1.1 screen.

backscatter image (Fig. 4). This provides a good example of
the value of this approach to training in satellite
oceanography. Many marine scientists have seen hardcopy
pictures of SAR images, but by providing a small subscenein
a readily accessible form enables them to examine its texture
directly, discovering the nature of the speckle and the relative

Figure 6. Image display representing depth-time distribution
of water velocity in the ocean (upper). The transect captured
along the Ike by Bilko (lower), shows the oscillatory nature
of the currents.
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At the time of writing this paper a Third Module has just been
published ai a contribution by UNESCO to the International
Space Year (Réf. 8). Thit follows a similar pattern to the
first two, with further upgrade* of the software (BiKo 1.3) and
eight more lessons. Five of these focus on remote sensing of
coastal regions, using high resolution data of the Red Sea, the
coast of Malaysia and two Indian estuaries.

A further lesson demonstrates the use of the SSMI microwave
radiometer to measure the extent of sea ice in the Antarctic
Ocean (Fig. 7). Global distributions of remotely-sensed
marine variable* can also be presented as images, and the
module illustrates this by including a lesson which uses the
significant wave height and the surface wind speed meijured
by the Geosat radar altimeter (Fig. 8). The eighth lesion is
another not involving remotely sensed data, in which the
image data is the output from a numerical model of ocean
mcsoscale eddy dynamics.

5. A NETWORK FOR TEACHERS

The first module was received with enthusiasm by tertiary
level teachers of marine science around \he world, fa
expected, the most positive response came from those with an
interest already established in remote sensing, but who lacked
the powerful image processing hardware and software required
to pursue it fully. Not only did they use Bilko in a teaching
role, but they also used it for research activities. Information
feedback requested from recipients has shown that the material
is being used by individuals and as practical work for classes
of students. It is clear that some teachers appreciate the
opportunity themselves to work interactively through the
lessons before releasing them to students. The modules have
been used at regional group training activities in Nairobi
(Kenya), Caracas (Venezuela), Reunion and Enschede
(Netherlands).

Given this response, what started as a pilot initiative has been
converted into a continuing programme of further modules.
These have now been distributed to 350 addressees in 65

a PC. Thus was bom the concept of a network of marine
science educators, each offering image data and associated
lessons based on the region of their own local experience. To
encourage this, Module Two contained a "Lesson for lesson
creators", which explains how to prepare image data for use
with Bilko and suggests how to write a lesson around it.

The evidence of enthusiasm for creating an educators' network
is to be found in the content and author UsU of the second and
third modules. As described above, these span the world in
terms of geographical location of the subjects for lessons, and
nearly ai! the lessons have been contributed by those who
responded on receiving the first module. In other words it
seems that the original UNESCO initiative has triggered a
development which continues with considerable momentum as

Figure 7. Two Bilko image screens showing the extent of sea
ice in the Southern Ocean during January (left) and July
(right) 1989, measured using SSMI data by T.Viehoff.

countries worldwide. However, what quickly emerged
following the distribution of the First Module was the
willingness of teachers to create their own lesson material,
based on Bilko, using image data obtained through their own
remote sensing research activities and adapted for display on

Figure 8. The global distribution of wave height (upper) and
surface winds (lower) in July 1989 as derived by D. Carter
from the analysis of Geosat altimeter data, displayed using
Bilko.

offers of lessons are promised for a fourth module.

6. CONCLUSION

As a worldwide educational initiative, the provision of the
Bilko toolkit to be the basis of distance learning material in
satellite oceanography has been successful. The success
appears to demonstrate that in relation to advanced education,
it is better to match teaching materials to readily available
hardware rather than seeking to reproduce the sophistication
of advanced research tools in the lessons. By opting for the
lowest common denominator in terms of equipment,
contributions to the developing network have been elicited
from all parts of the world without a strong dependence on
nations with major space and remote sensing programmes.
This is important because remote sensing should provide i
means for marine scientists from all nations to play their own
unique part in the monitoring and study of ocean variables as
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a part of the wider task of understanding climate and climate
change.

The number of marine science educators in individual
countries is usually small, and the concept of sharing
educational resources through a network offers a realistic way
of keeping abreast of the rapid pace of technological
development in remote sensing.

It is intended that a fourth module should be produced from
promised contributions of more lesson material, although no
further significant changes to the software toolkit are
envisaged. Finally k is intended that all the available lesson
material, including revised versions of what has already been
issued, will be published on a compact dkk, read-only
memory (CD-ROM). However, within a few years the
project will inevitably be overtaken by improvements in
cheap, available computer power which we cannot yet
envisage, and the hardware limitations which constrain Bilko
will no longer apply. Then, it may be seen that the most
significant achievement of this UNESCO initiative will have
been the emergence of an international collaborative network
of teachers of marine remote sensing.
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ABSTRACT

The availability of environmental and Earth
resources data acquired by satellites can
assist all countries to gain a better
understanding of how to safeguard their
environment as well as ensure a more
efficient management and productive
harnessing of their natural resources.
However, in order for the developing
countries to share in the benefits inherent
in remote sensing technology and in
programmes related to environmental
information systems, particularly through
their participation in international,
regional and national programmes and
projects, there must be an adequate and
long-term commitment to and an investment in
the development of skills and knowledge in
the discipline at the local level. This
paper focuses on the United Nations
initiative to establish regional Centres for
Space Science and Technology Education which
should provide a unique opportunity for the
development of such an indigenous
capability.

1. BACKGROUND

The observation of the Earth from space has
become operational, and information acquired
in the process is being applied to improve
the knowledge of the natural resources of
many nations, to provide information
necessary for the rational exploitation of
these resources and to assist in preventing
or redressing damages to the Earth's
environment. Indeed, it is being amply and
continuously demonstrated, through a variety
of projects, that remote sensing can
contribute significantly to the achievement
of the economic and social development goals
of nations. Environmental and natural
resources data of different parts of the
world are being observed daily by an array
of Earth-orbiting satellites and manned
space vehicles. These activities will be
intensified with the passage of time. For a
long time to come, space-borne sensors may
be the only source of reliable data on the
environment and natural resources of most
developing countries. The availability of
such data can assist these countries to gain
a better understanding of how to safeguard
their environment as well as ensure a more
efficient management and productive
harnessing of their natural resources.

However, a major prerequisite for an
effective participation of these countries
in international programmes such as the
International Geosphere-Biosphere Programme
(IGBP) and Mission to Planet Earth, and in
regional and national programmes and
projects, is an adequate and long-term
commitment to and an investment in the
development of skills and knowledge in the
discipline at the local level. Similar
conclusions have been arrived at by an
Advisory Committee of the World Bank (Réf.
1) and by a study commissioned by the
Commission of European Communities (ECE)
(Réf. 2).

2. KNOWLEDGE AND SKILL DEVELOPMENT

2.1 Addressing environmental problems - CEC

In addressing environmental problems in the
developing countries, the aforementioned
report of Directorate General VIII of CEC
noted that:

"conventional approaches to technology
transfer, such as training courses and
short-term, in-country demonstration
projects are useful educational tools, but
on their own, they will not result in
effective and permanent integration of
remotely sensed techniques into operational
programmes."

In identifying the several steps needed to
arrive at practical applications of remote
sensing for environmental monitoring and
natural resources management, the CEC report
opined that:

(i) Research and development are needed to
integrate remote sensing techniques into
resource management systems; and that

(ii) Research and development of remote
sensing data processing, analysis and
interpretation provide the scientific basis
for application of the techniques.

2.2 Effective environment information
system - the World Bank

In reviewing the preparedness of the
developing countries to participate in
environmental management and natural re-
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sources development programmes, the afore-
mentioned World Bank Advisory Committee
noted that "indeed, most cooperation
programmes are geared to short training
sessions to fill short-term objectives ...".
On education and training, the Committee
also noted that:

"(i) If a country is to have an effective
environment information system, it must
have policy makers and administrators
capable of appreciating the applications
and implications of the information, and
scientists, engineers, technicians and
teachers capable of developing, adapting,
applying and teaching the technology. Both
education and training are required to build
up these skills; and that

"(ii) Education provides the individual with
an understanding of the subject, and
training teaches him to carry out specific
tasks, when knowledge of the subject as a
whole may not be essential. To create the
awareness, flexibility and motivation
necessary to adjust to rapidly changing
conditions, education is likely to be more
effective than training for tasks which,
because of the nature of new technologies,
alter very quickly."

One of the concluding recommendations of the
Committee directed that:

"A professional approach to environment
information as the basis for the viable
sustainability of environment information
systems should be encouraged. Staff
capacity must be developed in the short,
medium and long terms. In the short term,
needs can be met by training courses and
self-training. In the longer term, basic
education and university courses must cover
environmental concerns and related subjects,
including the information aspects, more
thoroughly."

2.3 Short-term training

To-date, the main venue for transmitting
basic remote sensing knowledge to the
developing countries is through the
organization of short-term training courses
either locally or abroad. However, these
courses are too short in duration, very
limited in scope and in knowledge
transmission, and the skills taught in the
process are usually based on accepted
methodology that can be used to execute
specific applications-oriented tasks. It is
often impossible to adapt such skills to
other tasks without a fundamental knowledge
of the methodology and an understanding of
the principles involved. In the absence of
the latter, applications efforts are bound
to be shallow.

Furthermore, such skills are often imparted
to junior/middle level technicians in user
agencies. Because of their limited
knowledge of the fundamentals (i.e.
principles and concepts) of the technology
they are called upon to apply as counterpart
experts, many of the projects for which they
assume responsibility, often falter,
especially once the project leader, usually
a foreign expert, who has been recruited
through bilateral or multilateral
arrangement, is withdrawn.

2.4 The need for in-depth education

A higher level of knowledge and expertise is
needed by educators and research and
application scientists in order that the
developing countries can make a significant
contribution to the solution of global,
regional and national environmental
problems. In particular, educators and
scientists in the developing countries
should participate in the definition of
remote sensing instrument requirements, and
in the investigation of the weaknesses and
difficulties in current and future instru-
ment design including the definition of
techniques for their improvement. They
should contribute to the development of
calibration techniques for Earth observation
data including the development of software
for image assessment, the establishment of
assessment criteria, and in the definition
of calibration strategies with the aid of
calibration targets and targets of
opportunity. They should also contribute to
the evaluation of Earth observation data and
to the assesement of its value in various
Earth science disciplines. These
capabilities can only be acquired through
long-term intensive education.

3. SPACE SCIENCE AND TECHNOLOGY EDUCATION

3.1 Recommendations of the international
community

The great need for in-depth education in all
areas of space science and technology was
brought progressively into focus through
three regional and one international
workshops and meeting organized on the
subject by the United Nations between 1985
and 1989. Following an analysis of the
observations and recommendations made by the
experts invited to these events, the United
Nations subsequently developed a proposal
for the establishment of regional Centres
for Space Science and Technology Education
in the developing countries.

While the primary focus of these Centres
would be the provision of education (through
knowledge and skill development) to
university educators of all the scientific
and technical disciplines that can benefit
from the knowledge and use of space science
and technology, research and application
activities will also be integral parts of
the programmes of these Centres. The dis-
ciplines that will benefit from such an
effort will include but not limited to com-
munications, meteorology and all sciences
and applications fields where remote sensing
can be of practical use, particularly in
such areas as agriculture, water resources,
forestry, geologic and mineral exploration
and environmental management.

A survey conducted within the international
community by the United Nations over-
whelmingly recommended that such Centres as
proposed above should focus initially on in-
depth education and research in remote
sensing and satellite meteorology and that
such a programme should provide essential
experience, particularly in those applica-
tions that have the potential for a greater
impact on a country's economic and social
development including the preservation of
the environment.

'
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3.2 United Nations response

At its forty-fifth session, in its resolu-
tion 45/72 of 11 December 1990, the United
Nations General Assembly, in recognition of
the above situation, endorsed the
recommendation of its Committee on the
Peaceful Uses of Outer Space that:

"... the United Nations should lead, with
the active support of its specialized
agencies and other international organiza-
tions, an international effort to establish
regional centres for space science and
technology education in existing national/
regional educational institutions in the
developing countries."

4. EMPHASIS

In practice, space science and technology
can be grouped under four broad categories -
basic space sciences, satellite communica-
tions, satellite meteorology and remote
sensing. However, given the global
realities and concerns of our time, the
initial emphasis of these Centres shall
concentrate on in-depth education, research
and applications programmes in satellite
meteorology and remote sensing as these
relate directly to environmental monitoring
and natural resources management.

These Centres should be viable educational
teaching and research institutions that are
capable of high attainments particularly in
their development and transmission of
knowledge in the developing countries, as
manifested by the examples of the
International Centre for Theoretical Physics
(ICTP) in Trieste, Italy. In addressing the
emphasis of ICTP, Professor Abdus Salam,
founder and director of ICTP opined: "Very
few within the developing world appear to
stress that for long term effectiveness,
technology transfer must always be
accompanied by science transfer; that the
science of today is the technology of
tomorrow and that when we speak of science,
it must be broad-based in order to be
effective for applications." (Réf. 3).*

5. OBJECTIVES

The activities of these Centres would focus
on re-education of educators and research
and application scientists, particularly
those in the natural and physical sciences
at the universities, technical colleges and
research institutions in the developing
countries, through an intensive education
and research experience. The educational
programme would be accomplished through the
development of in-depth knowledge and skills
of educators and research and application
scientists in environmental information
systems with emphasis on remote sensing,
satellite meteorology and other relevant
technologies at the local level. A
suggested curriculum, to be modified as may
be appropriate for each Centre, is shown in
Table 1.

* Speech delivered on "Science Transfer for
Development" at the Annual Meeting of the
American Association for the Advancement of
Science, May 1984.

The knowledge gained at each Centre through
this exposure, coupled with the experience
acquired through the pilot projects that the
educators and scientists would immediately
undertake in their own countries as follow-
up activities upon the completion of their
programme at the Centre, should adequately
equip them to (i) introduce relevant aspects
of space science and technology into
eixsting education curricula in their
respective countries, and (ii) contribute
significantly to their nations' development
programmes. Each of the Centres for Space
Science and Technology Education should also
(i) contribute to sustainable development of
natural resources (air/water/land), and (ii)
provide a crucial supplementary input for
biodiversity conservation and other related
environmental programmes.

6. LOCATION

The Centre in each region will be housed in
a major science and technology oriented
university or a research institution with an
ongoing education programme. Such an
arrangement will enable each Centre to
optimally utilize the existing professional
staff and physical infrastructure at the
host institution. The following countries
have offered to host the Centre in their
respective region:

(1) Africa; Kenya, Morocco, Nigeria and
Zimbabwe.

(2) Latin America and the Caribbean;
Argentina, Brazil, Chile and Mexico.

(3) Asia and the Pacific: Bangladesh, China,
India, Indonesia, Iran, Malaysia,
Pakistan, Sri Lanka and Thailand.

(4) Middle East: Iraq, Jordan, Oman, Syria
and the United Arab Emirates.

7. OUTPUT

The local and international input into each
Centre, and the expected contributions and
linkages of its graduates are shown in
Figure 1. Specifically, the Centres should
achieve the following goals:

(i) Contribute significantly to indigenous
capability development in environmental
information systems such as remote sensing,
including satellite meteorology and related
environmental disciplines in each partici-
pating country and region;

(ii) Enhance scientific and technical
education in each participating country and
region;

(iii) Enhance the quality and quantity of
contributions of the Centres' graduates
towards the overall development of their
respective nations and towards the
management of the resources and the
environment of their countries;

(iv) Strengthen the capabilities of
institutions of higher learning and national
and regional remote sensing user assistance
and training centres;

(v) Assist user agencies in Member States to
strengthen their capabilities in the use of
remote sensing for the management of their
natural resources and environment; and
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(vi) Enhance the capability of the countries
and regions they serve to contribute
effectively to national, regional and
international environmental monitoring and
natural resources management programmes.

8. FUNDING

In 1991, most of the activities of the
United Nations on the establishment of the
Centres . focused on seeking necessary
financial, material and institutional
support. These efforts included consulta-
tions with (i) Member States who could be
potential donors in support of the Centres,
(ii) potential host countries, (iii) UNDP
headquarters in New York (the Regional
Bureaus and the Bureau for Programme Policy
and Evaluation) and (iv) the regional
economic commissions. Countries visited in
category (i) included Australia, Canada,
Finland, Germany, the Netherlands, Norway,
Spain, Sweden and the United States. Plans
are in progress to undertake additional
fund-raising missions to other countries
that could support the Centres. At this
writing, the Government of Spain has
officially confirmed to the United Nations
its interest, in principle, to (a) sponsor
the Centre for Space Science and Technology
Education in Latin America and the
Caribbean, and (b) participate in the
evaluation mission (described below) to the
potential host countries/institutions of the
Centre in that region. A progress report on
the Centres was issued by the United Nations
in February 1992 (Réf. 4).

9. NEXT PHASE

The next phase of the project is; the
organization of evaluation missions to the
Centres' potential host countries and
institutions. The evaluation missions will
assess the viability of the potential host
institutions, i.e., exisx:ing/planned infra-
structure; institutional, governmental,
financial and material support; existing
educational programmes; existing/planned
communication systems and any other support
that could enhance the work of the Centres.

The evaluation missions, which are expected
to take place in 1992, would be undertaken
only after a reasonable financial commitment
has been received by the United Nations for
the establishment of the Centres, either
from the donors or from potential host and
benefiting countries. In this connection,
on 18 November 1991, the Secretariat of the
United Nations requested detailed informa-
tion from each of the potential host
countries on their proposed contributions
(personnel, space, equipment and monetary)
to support the Centre in their respective
region. As of February 1992, most of the
potential host countries in each of the four
economic commissions have confirmed their
contributions in the four requested
categories, i.e. personnel, space, equipment
and financial resources.

10. CONCLUSION

Globally, humanity is now preoccupied with
developing and applying the knowledge needed
to understand the ever-changing state of our
planet Earth. Thus one of the global nneds
today is an adequate opportunity for the men
and women of each nation on this planet to
experience the joy of successfully
exercising their intellect and of unleashing
their energies for the management of the
environment and for the harnessing of the
natural resources of their country in
particular and of planet Earth as a whole.
Such an opportunity should provide each
nation with the ability to understand,
process, analyse and judiciously utilize the
copious information (data) being provided,
daily and on a continuous basis, by an array
of low-Earth orbiting and geo-synchronous
satellites. The planned Centres for Space
Science and Technology Education will
provide such an opportunity.
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OUTLINE OF PROPOSED CURRICULUM
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THE BOLE OF FIANETABIUMS IN PBOHOTING SPACE SCIENCES

Johannes Viictor Feitzinger

Observatory and Planetarium, Bochum,
Astronomical Institut, Ruhr-University, Bochum

ABSTRACT

The planetarium is effective in both cog-
nitive and affective domains. Belonging to
the oldest teaching mass media it is a
tool to diversify the sensory stimulus.
The more diversivied the sensory stimulus
will be, the more differentiated will be
the learning and entertainment process of
the public visiting a planetarium
performance.

In Germany nearly 2 x 10' visitors per year
are counted in planétariums. Space
sciences are ideal for a presentation in
planétariums and for general education
purposes. We discuss the content and the
didactic of planetarium performances.

Keywords: Planetarium, education, mar-
keting, literary culture, space sciences,
astronomy.

1. THE BRIDGE FUNCTIOH BETNEEN
TECHNICAL AND LITERARY SCIENCES

The Planetaria are well suited to play a
bridge function between technical and
literary culture.

The public accepts the overwight of the
arts, the literary and philosophical
culture, in such a way that the existence
of technical and natural sciences as basic
components of our cultural live is not
perceived. Generally the technical and
scientific culture is ignored (Réf. 7).
The intelectual (cultural) people are not
aware to the fact that their material
existence permanently depends on the
scientific and technical culture. The
scientific and technical results and
theories in physics, biology, geophysics,
chemistry and space sciences describing
our material world are the result of a
common effort of the human spirit.

The scene can be devided into two parts:

1. The natural sciences present methods
to investigate, to order, to commu-
nicate public, generally reproducable
facts.

2. The literary culture presents indi-
vidual experiences; these contain
with other people devisible (or only
partly devisible) logic. Also with
nobody devisible feelings are
presented; nevertheless it is
possible to communicate feelings to
others.

The claim of the natural sciences in our
world today can be summarized as follows:

The scientific theories determine
the picture of our world and our
universe. There exist no philosophi-
cal or ideological (political) theo-
ries which are able to compete with
the scientific theories.

Our real existence is based on the
scientific theories; it means, our
existence is based on the mani-
pulation and handling of the real
world in the framework of technical
possibilities.

The scientific theories are indis-
pensible for the self-reliance and
self-evidence and comprehension of
ourselfs.

The scientific ethic is one of the
efficient principles, developed
during our cultural evolution.

All these concepts, trends, and the
diversity of the cultural live are well
reflected and contained in the history of
our specialized science: Astronomy. Astro-
nomy holds a substitute position also for
the other sciences, especially the space
sciences. This means that we can pick up
in the planetarium performances nearly
every theme and bring together the
literary and natural sciences.

2. GOALS OF EDUCATIONAL HORK

The planetarium is effective in both
cognitive and affective domains (Réf. 3).
Belonging to the oldest teaching mass

3", 30 '"/rfrrh-.J .'.,;,./ 7933
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media it is a tool to diversify the
sensory stimulus. The more diversified the
sensory stimulus will be, the more
differentiated will be the learning and
entertainment process of the public
visiting a planetarium performance.

The lack of emphasis of the public on the
scientific methods of the natural sciences
does not mean for us to try to teach such
methods. The intention must be, to show
that such a scientific method exists. All
sciences have their roots in a basic,
curious common sense, patient observa-
tions, and playfull thinking. To pick up
these facts in a planetarium show is easy,
since there exist a general demand of the
public for understanding the world and the
universe. The translation function of the
planetarium of the scientific languages
must meet this demand.

The anti-humanism of the natural sciences
lies in the difficulty of their languages
and methods. Planetarium performances
should be able to produce effectively an
exchange of thoughts with the literary
culture - our other side. We must try to
break up the tabu of the non-communi-
catability of sciences.

The educational value of the planetarium
as a teaching tool for the bridge function
mentioned is:

the cognitive domain of teaching and
learning and the affective domain of
teaching and learning

the entertainment aspect

The bridge function fullfils the general
goals of educational work:

to help to learn a certain skill
to understand a process
to remember facts
to train the intellect
to broden the mind
to promote the formation of desirable
attitudes
to assist in employing the knowledge and
abilities for the own satisfaction and the
benefit of others inside and outside the
society we belong.

3. THE EDUCATIONAL VALUE OF THE
PLANETARIUM

The general educational value of the
planetarium was well summarized in 1979 by
the education committee of the inter-
national planetarium association under the
leadership of Jeanne E. Bishop (Réf. 1).
We use this statement for our intentions.

Astronomy is the most fundamental of
sciences, as well as the oldest. It gives
each individual a perspective on his place
in space and time.

This is indeed a "Space Age" with daily
announcements of achievements and
discoveries in the space sciences. Some of
today's students will be directly involved
in space activities, but all will be
surrounded with space-related events and
information.

Astronomy and the space sciences have an
aesthetic value found in few other subject
areas. The intricate and awesome
dimensions and composition of the universe
can produce the perception that the earth
is a delicately balanced ecosystem with
limited resources and time of existence.

Astronomy and the space sciences are
inextricably linked to energy topics. The
sun is the source of fossil fuels, wind,
and direct solar energy. Radioactive
elements important in nuclear energy and
the source of geothermal energy are the
remnants of processes once inside stars
which ended their lives with tremendous
explosions. Tidal energy is caused by the
gravitational pull of sun and moon.

Astronomy appears in unexpected places: in
fictional as well as non-fictional books,
in popular songs, in art, and the comics.
It has been harmfully presented within the
pervasive speculative topics of UFO's and
astrology. Students mislearn astronomy
from the media. The schools have a
responsibility to help students critically
regard media presentations.

Responsible study of the vast numbers of
stars and the process of star formation
combined with data from interplanetary
space missions can promote constructive
thought on great philosophical and
psychological questions: Are there other
intelligent beings somewhere else in the
universe? is earth alone an abode of life?

Astronomy and space science learning can
be greatly assisted by use of the
planetarium: Any topic involving the
appearance of the sky can be viewed in
three dimensions. Auxiliary effects (e.g.,
slides, audio aids) can contribute to the
realism and promote an aesthetic (peak)
experience in the planetarium.
The planetarium can motivate students with
its interesting, stimulating learning
situation. Surveys have shown that
students like astronomy and space sciences
more than other sciences, and the
stimulating environment can build on
initial interest and help it develop into
a lifelong interest.

4. HARKETING

Marketing is not exclusively a method to
force a maximal profit (Réf. 5). Marketing
can solve problems on the exchange of
ideas between the public and planetarium,
and sales promotion of what a planetarium
has to offer is a marketing problem. This
must be taken into consideration when
planning planétariums programs.



1345

VV"

1

Marketing methods can check the exchange
of ideas and requests between the public
and a non-profit institute as a
planetarium. The planetarium offers a
service which should be distributed to the
public, but they have to be informed that
this is a special type of service.

The exchange which takes place between the
planetarium and the public is that a
service with a certain value is traded for
money and enjoyment. This enjoyment can be
education, entertainment or just past-time
amusement, in order to fully meet these
needs means to know the demands of the
public.

Social marketing is a cornerstone for
successful management of a planetarium.
The goal of social marketing is to
positively influence and change public
opinion about the function and service of
the planetarium. The public has to be
motivated to attend planetarium shows.
This of course is based on the knowledge
of the needs of the public. In the near
future growing rates of unemployment will
mean that many people will have more
compulsory leisure time at their disposal,
which the planetarium must take into
consideration in social marketing.

The public attends planetarium shows in
their leisure time, with the exception of
school classes.

Therefore, it is a marketing problem for
the planetarium to sell their services as
a recreational value. Leisure time
activities of the public can be divided
into 10 categories; see table 1 (Réf. 6).
These categories describe basic patterns
and needs of the public.

The importance and future relevance of
these different categories can be
estimated.

The adult population of the Federal
Republic of Germany has the following
amount of leisure time at their disposal:
1975 - 2010 h and 1990 - 2400 h per year.
This large amount of leisure time is
distributed among different population
groups according to their different
patterns of behavior. On the avenarge, 1.5
% - 2 % of leisure time is spent for
cultural activities. The social marketing
strategy for a planetarium must relate to
these behavior patterns off the
populations's leisure tine.

5. PROBLQIS OF EXCHANGE/COMMUNICATION

According to Tab. 1, only categories 1 and
8 are not covered by planetarium
performances (Refs. 2, 4). Through suit-
able program planning the requirements to
fulfill all the other categories can be
met.

Two words best describe a general program
of the cosmic star theater: Entertainment
and Knowledge. In a planetarium astronomy
and space sciences should never be pre-
sented with the dry facts of science and
no visitor should be showered with num-
bers, names and facts. The motion of the
stars and planets, earth satellites, pic-
tures, laser animation, music and special
effects all lend to the dramaturgy of a
planetarium performance and result in a
star show. Contrasts generate excitement;
teaching is coupled with amusement. The
show demonstrates a playful handling of
science. Pictures and music, explanations
and entertainment, and optic and acoustic
sensory impressions combine in a balanced
performance.

The planetarium fits well into the
categories of leisure time of the public.
If the strategy of social marketing is
effective there should be no problems with
exchange of ideas between the public and
the planetarium. The best conveyers of
social marketing are the performance
themselves, as well as the media.

The space sciences are useful promoters of
this general cultural effort.

Table 1
Future Importance of Leisure Time Activities

Behavior Characteristics importance
today

importance
in 5 years

Physical Movement (jogging) strong
Self Realization middle
Social Life (dancing) strong
Social Presentation strong
Amusement (television) middle
Education little
Environmental Attractions strong
Competitions middle
Playful past times little
Sensual impressions middle

strong increase
increase

strong increase
constant
decrease

strong increase
increase
decrease
increase

strong increase
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I. GENERAL.

Since the discovery of electromagnetic waves, radio
engineering applications have expanded very rapidly
and has immensely contributed in research. This
contribution is not only within electronics and
!!!•communications but also in the other discipline
areas such as astronomy, geodesy, meteorology and
environmental science.

Historically, the different researchers in these latter
discipline areas have used the electromagnetic
spectrum and have made efforts which have led to
today's knowledge of the universe we live in. These
researchers each have initially made the findings
independent of one another but have later realised
that there is need to tie up at different fora to discuss
the results in relation to the other related areas.

One such forum is that which was informally
convened by The American Academy of Sciences'
Space Science Board and held in November 1961 at
The National Radio Astronomy Observatory in Green
Bank, West Virginia, USA. Led by Otto Steve, Director
of the observatory (astronomer), the reputable
participants included Dana W. Atchley, Jr.
(communication technologist at Microwave Associates
Inc.), Melvin Calvin (chemist / Nobel Laureate),
Giuseppe Cocconi (physicist / astronomer), Frank D.
Drake (physicist / astronomer and initiator of The
Project Ozma), Shu-Shu Huang (mathematician), John
C. Lily (communication technologist), Philip Morison
(physicist / astronomer), Bernard M. Oliver
(communication technologist at Hewlett-Packard), and
Cari Sagan (exobtologist).

Their discussions were on "the examination, in light of
the present (then) knowledge, of the prospects for the
existence of the other societies in the galaxy with
whom communication would be possible; the attempt
and estimation of the number of the societies;
consideration of some of the technical problems
involved in the establishment of communication; and
finally, the examination of ways in which
understanding of the problem might be improved".

This meeting was prompted by Drake's project Ozma,
which was to implement Cocconi-Morrison idea of
"searching for intelligent signals from the imaginary
land of Oz - a place very far away, difficult to reach
and populated by exotic beings". The factual findings
and experiences of the participants of the meeting
were presented more so in a philosophical manner.
The conference finally realised their limitations in
terms of the scope of the programme, its time-scale,
organisation and costs.

Today, this need to tie up the findings in fora Is being
more and more felt at Universities and other
institutions of higher learning. The discipline areas
are so closely related that the findings in one
discipline area lead to a better understanding of the
other. There is a strong call for the multl-discipliriiry
approach in developing teaching curricula and
research programmes in the areas of Science and
Technology.

The close relationships in the discipline areas of
Science and Technology are exemplified by the facts
that:

V I

wdl Sodce Yea' Confe'fice HeIO'n Munich Germany 30 March--} April 1992
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•space technology has borrowed inmmensely from
astronomy and subsequently, satellites and other
spacecrafts have in turn been used to advance
knowledge in astronomy;

•knowledge of the radiation spectrum of the
astronomical bodies at different points on the earth is
derived from equipment developed with the aid of
Physicist» and Electronic Engineers who, on their
own could not develop components such as
transistors, LASERS etc without the efforts of
Chemists and Geologists.

Knowledge of the of the galactic and cosmic
emissions, on the other hand, aids in :

i).the selection of the right frequency slots for
different applications in the terrestrial and space
communication systems,

ii).avoiding the radio interferences and noise
from the astronomical bodies eg. the use of the
microwave windows.

These frequency matters are of interest to the
International Frequency Registration Board (IFRB) of
the CCIR/ITU.

* astronomy also aids in understanding the fast and
gradual changes in meterological factors and
thus the global energy cycles and enviromental
factors.
These changes are of interest to The World
Meteorological Organisation (WMO) and UNEP.

•the meteorological and envoronmental changes spelt
out above also tead to

i).variations in the following radiowave
propagation factors:

:The earth's permittivity and permeability ( e and s);

:The equivalent radius of the earth Oeq)!

:The divergence factor of the curved earth (Fdiv)>
:The refractivity of the standard and non-standard

atmospheres (ns
 and nns)l

:The ionospheric layer refractive indices for the D-,
E-, and F- layers, their total electron content (TEC) /
total electron density(TED), electrojet and currents,
and Faraday rotation;
:Rain attenuation factors at different frequencies;
etc etc

and ii).to decision on the right frequencies to use in
general telecommunications eg. the right accounting
for the diurnal, seasonal and long term variations of
the maximum usable frequency (MUF) for short-wave
radio broadcasting.

Other examples of discipline relationships are:

•the use of the electronic geodesy to understand the
field of astronomy, eg. in determining elasticity of the
earth, earth's gravity field, rotation and polar motion
etc etc.

ll.THE PROPOSAL:

Name: In this paper the author proposes a post -
graduate international school, The Tropical School
For Atmospheric and Space Sciences
(TSAAS), where objective research in these inter-
linked discipline areas would be carried out, enabling
the direct co-ordination of data and their
dissermination to the different user organizations.

Site and Advantages: This school, proposed to be
sited at Maseno, Kenya. This site, on the Equator
would have the advantages of:

•being in the centre of the inter-tropical convergence
zone where
i). most of the meteorological factors such as winds,
the resulting clouds.lkjhtning, earthquakes and others
are most pronounced.
ii). the observations of the Global Climatic Change

would make a good start and end over a cycle,

•enabling large angle scans of both the northern and
southern hemispheres (a larger earth tangent), good
especially for astronomy.Supplementary observations
(off-set geographically and in frequency) would
compliments in seeing the other stars in the"Great
RM" - the dark band down the centre of the Milky Way,
caused by the extinction of starlight by the interstellar
dust grains- better.

•being most suited for the long term observations of
the effects of the solar system on the changes in

i.) the earth's bulge
ii.) tidal dissipation

Hi.) earth's rotational velocity
Iv.) the high energy cycles
v.) the constitution of the atmospheric gases

eg. ozone, nitrogen etc etc.

•providing ease with which long term observations are
made using satellites on the geostationary orbits,
where vertical paths provide cheaper equipment,

•enabling relatively continuous assesment of the
reaction of the ionosphere with the earth's magnetic
field, during earth's rotation and precession, by
method of ionospheric sounding

•providing the most intense rainfall which enables an
extension of the scale for determination of the effects
of rain at frequencies above 6GHz.

V \
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At MIMHO, a new University College has just been
started. H has the Faculty of Science, which needs
near it a Faculty of Engineering different from the
traditional teaching engineering faculties. It should be
an autonomous school which is practice oriented,
looking into the current and long-term international
problems and solving them. This should be done
whilst advancing the global state-of-the-art in
technology and retaining the academic traditions.
TSAAS is to do exactly this.

Staff and Students: The School will draw its staff and
students from the related international agencies,
universities and other research organisations
working in the same areas of interest. The staff will be
either full-time, part-time or sent by an
interested/related organisation on an exchange basis.

There will also be technical staff whose primary duty
will be to design, develop and construct the basic
equipment required for research. Some of the
equipment which cannot be developed in the school
will be either loaned, donated or purchased by the
interested organisations.

Target Programmes: The school will undertake
research in all the areas using electromagnetic waves
for investigations. The areas, which will be introduced
gradually, depending on interests and availability of
funds, will be:

1. Telecommunications and Electronics:

a.l Research on Propagation cf Radiowaves:

Ground Waves: conductivity and
permittivity mapping, sea and fresh water
modelling at different frequencies;

Space Waves: clear weather effects,
refractivity and ducting, hydrometeorological
effects eg. rain-rate variability, durations,
multiple occurances, rain-drop models (oblete,
prolete shapes etc.), attenuation by
rain,clouds, log, dust etc, interference and
electromagnetic compatibility;
• Skv Waves: beacon satellite studies ,

modelling of the ionosphere, the D- E-
sporadic E- and the f0f2 / spread F
regions;travelling ionospheric disturbances
(TIDs), ionospheric storms, total electron
content (TEC)/total electron density (TED),
Faraday rotation, scintillation, the electrojet
and currents, maximum usable frequency
(MUF), artificial ionospheric modification
(AIM); noise and interference;

b.!Research. Design and Development of
ElectronicEguipment:
The curricula will be based on the
requirements of the different researchers in
the school. For example, design for the
equipment for engineering of the environment.

c). Research In Telecommunication Systems:
Optimal modulation for noise and interference
reduction, electromagnetic compatibility in
radio systems.

2 .Astronomy. The solar system and its
satellites, the Milky Way and other galaxies,
galactic dust, pulsars, radio stars, flare stars,
X-ray radiation sources, recombination lines,
Deuterium line, planetary and cometary
occultations, very long baseline interferometry
(VLBl), solar activity; etc etc,

3.Geodetic studies: satellite positioning,
topographic mapping, precision; the
electromagnetic equator and dip, the
geographic equator etc etc.

4. Advanced Meteoroloçv: Solar activity and
seasons, climate models, global energy
cycles, sea-surface temperature, humidity
,lightning' its source and nature, modelling
and simulation, the lightning elacromagnetic
pulse (LEMP), lightning location, monitoring
and registration by counters and systtms
such as LPATTs III and satellites etc etc.

B.Envimnmental Sciences: Engineering of the
environment using terrestrial and satellite
methods, electro-mechanical equipment for
monitoring of the environment, noise as a
pollutant, lightning as a natural hazard: its
effects on humans, livestock, trees and other
objects, prediction using satellite techniques
and evaquation, basic precautionary
measures, protection and earthing of systems,
ionization gases, investigation of nitrogen
fixation and ozone generation possibilities,
rain acidity in lightning prone and other areas;
use of satellites in geology, land use,
agriculture, forestry and global data
transmission to environmental networks;

e.B!ot»chnoiocy! Use of electromagnetic waves
in medicine and biology eg. skeletal-muscle
transformation, implantable medication, heart-
rate monitoring, respiration and temperature

v \
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measurement, neural tests, blood flow, oxygen
measurement, tooth contact during sleep etc.

• Republic of China:
Chinese Academy of Space Technology (CAST).

EiDJOfiiDOlThe financing of TSAAS is to be modelled • Argentina:
on those of the already existing international research
institutions in Kenya such as The International
Laboratory for Research on Animal Diseases (ILRAD)
and The International Centre for Insect Physiology and
Ecology (ICIPE). The donors who share the interests
of TSAAS will support their areas of interest, targeting
in given topics or items in the areas. Support will be
given in the form of finances, equipment and
personnel.

The possible donors earmarked up to date are:

— The individual supporting countries and
institutions, eo.
• Germany: Deutsche Forschungsanstalt fur Luft* und
RaumfahrteV (DLR).

• Austria: Austrian Space Agency.

• France: Centre National d'Etudes Spatiales (CNES).

• Belgium: Service de Programmation de la Politique
Scientifique (SPPS).

• Canada: Canadian Space Agency (CSA).

• Sweden: Swedish Board for Space Activities (SBSA).
Swedish Space Corporation (SSC).

• United Kingdom: British National Space Centre
(BNSC).

• United States of America:
Goddard Space Flight Centre

(GSFC).
Jet Propulsion Laboratory (JPL)

National Aeronautics and Space
Administration (NASA).

National Oceanic and Atmospheric
Administration(NOAA).

• Japan:
Institute of Space and Astronomical Science.
National Space Development Agency (NASDA).

• USSR:
Institute of Space Device Engineering.
Intercosmos Council.
Scientific Council for Radioastronomy.

India:
Indian Space Research Organisation (ISRO).

Comicion Nacional de Investigaciones
Espaciales (CNIE)

• Australia:
Australian Space Agency (ASO)

Commonwealth Scientific and Industrial
Research Organisation (CSIRO).

• Brazil:

(INPE).
Institute Nacional de Pesquisas Espacias

• Italy:
Telespazio

— The United Nations Agendas:

The International Telecommunications Union
(ITU).

The World Meteorological Organisation (WMO).

Food aitd Agricultural Organisation (FAO).

United Nations Environmental Programme
(UNEP).

United Nations Educational, Scientific and
Cultural Organisation (UNESCO).

United Nations World Food Programme
(UNWFP).

United Nations Childrens' Fund (UNICEF).

United Nations Centre for Human Settlements
(HABITAT).

United Nations Disaster Relief Organisation
(UNDRO).

United Nations Industrial Development
Organisation (UNIDO).

— The International Consortia:

International Coordination of Space
Techniques for Geodesy and
Geodynamics (CSTG).

Comité Consultatif International des
Radiocommunications (CCITT).

Consultative Commitee on Space Data
Systems (CCSDS).
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European Organisation for the
Exploration of the Meteorological
Satellites (Eumetsat).

European Space Agency (ESA).

Inter-Union Commission on Frequency
Allocations for Radio Astronomy and
Space Science (lucaf).

!!!.Conclusions:
It may be remembered that at the Great Bank Meeting
referred to earlier, the participants had two major
categories of conclusions.

The first category contained conclusions which were
pessimistic, that 'there were no people who were
qualified to participate and be interested in a project in
a project of the magnitude they were discussing', and
that 'those responsible for spending government
money on scientific research are skeptical about
funding so expensive projects that do not promise
quick results'.

The second category of conclusions contained an
optimistic view, and that was that 'more knowledge
was needed on the phenomena already within reach'.

The proposer of TSAAS cannot agree more with the
second category of conclusions of the reputable
participants of The Great Bank Meeting. TSAAS is
intended to start from 'what is within reach'. With
regards to the first set of conclusions of the meeting,
one, for example knows that the proposed studies in
TSAAS will lead to better understanding of the global
phenomena addressed in the programmes. This better
understanding will also lead to, for example saving of
human lives in the short and long runs.

In the Tropics, it is known that a lot of persons,
livestock and other objects die from natural disasters
such as lightning, drought, floods, earthquakes and
others. Life cannot be costed! The effects the tropical
climate has on the global climate is appreciated.
Comprehensive short and long term studies are
therefore essential in order to improve on predictions.
This will also lead to saving of lives.

Unlike at the time of The Great Bank Meeting, there are
now enough interested and qualified people; there are
enough financial resources that if deployed in any of
the areas spelled out and properly used, will lead to
great achievements in the areas, accounting for the
advantages of working at the Equator. In addition, the
project will increase communication with the tropical
societies, and advancing technological skills to the
persons in these societies.

An appeal is therefore made to the international
community to support Project TSAAS in order to
enhance the global efforts in the earmarked
programme areas.
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SATELLITE DE TELEDETECTION ET APPLICATIONSTHEMATIQUES
DANS LES LYCEES ET COLLEGES EN FRANCE

MVauzelle

Direction des Lycées et Collèges
Ministère de l'Education Nationale et CNES (France)

ABSTRACT

Since 1987 the Secondary Shools Directorate of the French
Ministry of Education managed a national experimentation
to introduce the pedagogical use or the satellite remote
sensing images in class. A sofware is used and a data bank of
digital images had been set up with the support of the
Centre National d'Etudes Spatiales. Twenty eight high
schools are involved in this interdisciplinary (Physics,
Biology and Geography) experimentation.
To spread the results of the action, since four years, summer
training courses are managed by the Secondary Schools
Directorate and CNES. In 1992 an international training
course will be openning to frcnch and foreigners teachers.

Il L'expérimentation française, structure et matériel

Les satellites de télédétection sont maintenant des outils
essentiels pour l'observation de la Terre, la gestion des
ressources naturelles et la surveillance de l'environnement à
différentes échelles. Pour le public les images satellites
deviennent familières, les médias les utilisant de plus en
plus pour illustrer leurs propos. Dans les manuels scolaires ,
les images satellites sont de plus en plus présentes en
géographie et en biologie.

En France le Ministère de l'Education Nationale conduit
depuis 1987 une expérimentation pour introduire
l'utilisation des images spatiales dans les cours.

L'expérimentation nationale est conduite et coordonnée
par la Direction des Lycées et Collèges (Bureau des
Innovations Pédagogiques et des Technologies Nouvelles).
Le Centre National d'Etudes Spatiales est associé depuis le
début de l'opération, et en Juin 91 un accord ofTiciel de
partenariat a été conclu entre U's deux entités

La structure est constituée d'un lycée pilote dans chacune
des 28 académies françaises. Une équipe de trois
enseignants de Sciences Physiques, Biologie-Géologie, et
Géographie travaille dans ces lycées avec des élèves de 15 i
18 ans. C'est 84 enseignants qui, au total, sont impliqués
dans cette action. Trois coordonnateurs nationaux
représentant les disciplines assurent la liaison entre les
établissements et le Ministère.

Le choix fait au départ a été de travailler à partir des images
numériques. C'est pourquoi chaque lycée à reçu, pour démarrer
l'expérimentation, un micro ordinateur PC/AT 286 avec un disque
dur de 40 Mo et une carte graphique couleur. Une imprimante
graphique y a été associée pour réaliser les canes et restitutions
colorées. Avec l'appui du Centre National d'Etudes Spatiales une
première banque de données de 30 images SPOT a été sélectionnée
sur la France. Aujourd'hui les équipes travaillent avec 8 i 10
ordinateurs de leurs établissements et il y a environ ISO tous images
sur différents thèmes, régions françaises ou parties du monde.

Ces images sont traitées avec le logiciel TITUS, repris et réécrit à
partir d'une première expérience limitée de l'Institut National de la
Recherche Pédagogique français. Ce logiciel de qualité
professionnelle a été validé par le Centre National d'Etudes
Spatiales et il permet aussi bien une approche simple que des
traitements plus compliqués.

De plus chaque lycée est maintenant doté d'un petit radiomètre
didactique construit au cours de l'expérimentation. Ce radiomètre
travaille dans les trois canaux du satellite SPOT. Il permet de faire
une analyse spectrale en classe ou lors des sorties terrain.

L'ensemble de ces produits sont vendus aux autres établissements
scolaires, et progressivement l'expérience s'étend.

II/ L'utilisation pédagogique des images

L'utilisation des images de télédétection est condisérée
essentiellement comme un outil pédagogique et
méthodologique.Les enseignants ont avant tout une approche
thématique disciplinaire, et lorsque c'est possible il est
recommandé aux enseignants de pratiquer une approche
interdisciplinaire. Le professeur de Physique introduit les bases
théoriques du fonctionnement des satellites et capteurs, celui de
Biologie étudie, par exemple, !es relations entre Ia végétation et la
lumière, et l'enseignant de Géographie aborde, entre autre la
cartographie. Selon les contraintes locales ce schéma est plus ou
moins développé.

On peut donner les principaux axes de travail des disciplines.

Hfc
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Les enseignants de Sciences Physiques pratiquent
essentiellement quatre approches :
- ils étudient avec les élevés les notions relatives à la
mécanique orbitale afin de Taire comprendre les deux grands
types de satellites (géostationnaires et héliosynchrones à
défilement).
-ils abordent les principes concernant Ie rayonnement
électromagnétique et la lumière, et construisent, en travaux
pratiques, des montages électroniques simulant les
principes de capteurs embarqués à bord des satellites. Le
traitement de certaines images, sur la houle, permet aussi
d'aborder les notions liées au mécanismes ondulatoires.
- Enfin, ils introduisent les principes des couleurs et des
synthèses colorées, pour une meilleure compréhension du
codage des compositions colorées.
L'ensemble prépare le travail fait par les deux autres
disciplines.
Le professeur de Biologie-Géologie établit le lien entre ces
principes et la thématique. Ainsi des travaux pratiques
réalisés avec le radiomètre didactique permettent aux élèves
de comprendre la relation entre les différentes parties du
rayonnement lumineux et les cibles de la surface terrestre
(sols nus, eau, végétation). Les élèves font des mesures de
radiomètrie et construisent les courbes de réponses
spectrales, ils peuvent ainsi mieux comprendre l'analyse
multispectrale. et commencer à interpréter et traiter des
images. En effet, certaines fonction du logiciel TITUS
permettent d'analyser des zones test de l'image, zones
correspondant à différents type-., d'occupation du sol et
celles faites par le satellite. Les thèmes abordés en biologie
peuvent porter sur l'évolution de la gestion des forêts, ou
l'évolution annuelle de l'activité chloropyllienne d'une
culture en travaillant sur une série d'images. D'autres
thèmes telle que la tectonique des plaques sont aussi
étudiés.

Le professeur de Géographie bénéficie du travail mené par
ses collègues et peut aborder la cartographie de différents
thèmes plus spécifiquement géographiques : évolution
géomorphologique des régions littorales, suivi d'incendies
de forêts, étude de systèmes agricoles ou encore approche
des milieux urbains. Le travail est fait à la fois par photo-
interprétation et traitement simple à l'ordinateur. Lc choix
est fonction du temps consacré à l'étude et de la complexité
du thème abordé. Ainsi, en étudie l'image d'une grande
région agricole française pour dégager la taille et Ie type de
parcellaire, cartographier la production, analyser les
contraintes de celle-ci et ses problèmes dans le cadre de la
politique agricole française et européenne. On examine
enfin le rôle que peut jouer Ia télédétection dans la gestion
agricole.
L'étude des phénomènes évolutifs est aussi intéressante en
géographie : évolution géomorphologique d'un littoral et
contrainte sur les aménagements humains, deforestation
amazonienne, évolution & la périphérie des grandes villes,

Comme la Direction des Lycées et Collèges mène aussi une
action pluridisciplinaire (Physique, Géographie), plus
limitée, sur l'utilisation en classe de stations de réception
d'images de Météosat et NOAA, on analyse aussi les
évolutions des phénomènes météorologiques tels que les
perturbations tempérées, la zone de Convergence
intertropicale (ZCIT), ou le passage ae cyclones tropicaux
dans les Caraïbes.

Ainsi bien que chaque discipline puisse travailler
indépendamment, il est préférable pour les élèves que les
enseignants construisent des progressions pédagogiques cohérentes
qui intègrent les trois disciplines. Lorsque c'est le cas la progression
est gérée tout au long de l'année, et il y a souvent une sortie sur le
terrain qui vient compléter le travail. On constate que les
principaux thèmes pluridisciplinaires abordés concernent l'état de
l'occupation du sol (agriculture, forêt, périurbain).

Pour l'analyse des images, toutes celles-ci (Spot, Météosat,
NOAA...) peuvent être traitées avec le logiciel TITUS avec lequel
on peut effectuer aussi bien de simples seuillages que des
classifications ou des filtrages laplaciens..La qualité de l'affichage
sur le moniteur vidéo évoluant (affichage en mode VGA dans la
dernière version du logiciel) on peut faire des photo-interprétations
à l'écran. Ainsi bien que le logiciel soit de qualité professionnelle,
on a cherché à garder une ergonomie simple et une démarche très
pédagogique qui permettent aux élèves et aux enseignants une prise
en main rapide.

III/La formation

La télédétection est une science appliquée complexe, intégrant de
nombreuses disciplines, savoirs et savoir faire. La très grande
majorité des enseignants français n'ont jamais travaillé sur ce sujet
durant leur formation universitaire initiale. C'est pourquoi un effort
important est fait pour compléter cette formation.

Deux niveaux de formation existent : un niveau régional (dans les
Académies) et un niveau national qui s'ouvre aujourd'hui
internationallemeri'.
Au niveau régional ce sont des formations courtes d'initiation de 3
jours (IS à 20 stagiaires), qui sont faites par les équipes des lycées
expérimentaux. Dans ces stages il s'agit d'une présentation et
initiation simple qui se termine, cependant, par un petit travail
avec le traitement numérique d'images. Les enseignants ainsi
formés ont les bases nécessaires pour interpréter une image
analogique et faire un traitement numérique élémentaire (seuillage
monocanal). Dans certaines académies des stages de deuxième
niveau sont proposés l'année suivante afin d'approfondir les
connaissants et les pratiques. Ponctuellement des formations sont
assurées dans des lycées français à l'étranger.

Au niveau national deux types d'actions existent. Une formation de
5 jours est intégrée à un stage plus général fait tous les deux ans par
le CNES sur les technologies spatiales. La télédétection n'est pas h
thème central de ce stage consacré à l'ensemble des technologies de
l'espace (vols humains, planétologie, mécanique spatiale...), un tel
stage regroupe 200 personnes. D'autre part des universités d'été
sont entièrement consacrées à l'observation de la Terre pendant 10
à 12 jours. Organisées en association entre le CNES et la Direction
des Lycées et Collèges, ces universités reçoivent souvent Ie support
d'autres ministères (Agriculture, Affaires Etrangères). Elles sont
ouvertes aux enseignants qui ont fait des formations régionales et
qui souhaitent devenir des relais de formation & côté des équipes
expérimentales. Ces universités associent des chercheurs et
ingénieurs de haut niveau aux responsables pédagogiques nationaux
afin d'assurer une grande qualité de formation. Conférences et
travaux pratiques poussés sont systématiquement associés.
En 1992 cette université d'été sera internationale et pourra
permettre d'établir des coopérations bilatérales

V \
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ATm de garantir l'extension et la diffusion de cette action, ;

des produits pédagogiques sont réalisés. Ils sont financés
par le CNES et le Ministère de l'Education Nationale.
Actuellement ce sont des manuels qui fournissent aux
enseignants des exemples de travaux faits en classes, ou dans
le cadre des universités d'été. Ces documents sont : 1
accompagnés de diapositives et de disquettes. Pour l'avenir •': J
des produits électroniques de grande capacité sont à l'étude : \
(support optique-numérique). Ils pourraient faciliter une {
auto formation. <
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SATELLITE-IMAGES IN SECONDARY EDUCATION
IN BADEN-WURTTEMBERG

Bruno Pohl, StR
Gymnasium Neuenbiirg

>w •1

ABSTRACTS

Digital and analog Satellite Images are
used as teaching-tools in Secondary
Education. Especially Geography- and
Ecology-Courses make use of these data.
Students learn about orientation on
Satellite-Images, how they are obtained
and how they can be interpreted.
The data provided range from weather-maps
(METEOFAX) to LANDSAT-Images on paper to
digital image-processing.

Keywords :
Satellite-Images, Secondary
Geography, Ecology

Education,

1. BASIC PRINCIPLES

Satellite-images are part of a student's
everyday-life. Even the 5th-grader
watches the daily weather-forecast on TV,
illustrated by charts, photographs and
above all, satellite-images.
Secondary education in Baden-WUrttemberg
teaches various aspects of these modern
pictures, which are part art, part
science and in every aspect very
motivating for high-school-students.

Within the Geography-Curriculum satel-
lite-images are used in the 5th grade in
the context of weather prognoses. In 6th
grade LANLSAT-pictures enable the student
to identify various routes to travers the
Alps or to classify the main European
regions using their natural features as
seen from space.
In grades 10 through 13 satellite-images
are dealt with on a more scientific
basis. Students learn about the gene-
ration of those images, their potential
use and their limits. The orbits of sa-
tellites are computed and mapped as part
of physics or astronomy courses.

Students of Geo-Sciences try to interpret
city-maps and satellite images side by
side, mentally transfering information
from one media to another, in order to
gain insight to the laws governing the
urban development in space and time or
just describing the ongoing global
urbanization. Again METEOSAT-Images and
METEOSAT-Video-Clips help in
understanding the impressive dynamic of
the atmosphere.

Up to this moment, use of satellite
pictures in the Baden-Wurttemberg
Secondary Education is limited to analog
pictures. Nevertheless, a working group
of experienced teachers is currently
investigating the didactic potential of
digital images. Especially ecological
questions seem a perfect field for
interpreting satellite images. The man-
made destruction of tropical rainforests,
the ecological effects of flood-
regulating-barriers in the North Sea, the
spreading of devastating oil-spills or
forest-fires are just some examples.
The same group is discussing ways and
means of the necessary in-service
teacher-training.

2. SATELLITE-IMAGES IN THE CURRICULUM

Satellite-Images are used in the
geography-curriculum as well as in
physics courses. The teachers personal
educational planning is based on the
state-curriculum (educational plan),
provided and legitimized by the state-
government of Baden-Wiirttemberg. In this
educational plan themes and a rough time-
schedule are provided, to assure a
homogeneous teaching-level throughout the
whole state. All teachers have to abide
by this plan, whereas the individual
construction of each lesson as well as
the small-scale time-planning rest with
the teacher.
In the educational plan satellite images
are explicitly mentioned and therefore
compulsory for geography-courses as well
as physics-courses (see Table 1).

°\ cet?tï»:g.s c' !he- CeD1Vn/ S,";pds«/'" oi !he International Space Year Conference He/a «< Munich Germany 30 March-4 April 1992
it SJ SP 3-i' JL.I> '992
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Table l:
Excerpts from the educational plan, where satellite-images are
explicitly mentioned:

5th Grade, Geography-Curriculum
Unit 1: Orientation in space

Orientation on a planetary scale
Rotation of the earth

SATELLITE-IMAGES and globe

12th Grade, Geography-Curriculum
Unit 2: Weather and Climate as a consequence of atmospheric
processes.

Typical waether-conditions in central Europe
Interpretation of surface-weather-maps and
SATELLITE-IMAGES

llth Grade, Physics-Curriculum
Unit 3: Mechanics IV

Mass of Earth and Sun, simple SATELLITE-MOVEMENTS

As shown in Table 1 Satellite images are
compulsary in different grades and
subjects. In addition to these topics,
teachers are free to use satellite-images
as a teaching-tool throughout secondary
education (Table 2) . Besides geography
and physics, biology uses those images
for use in ecological case-studies (llth
grade), chemistry might use it to show
hazards of industrial plants.

3. DIDACTICAL AIMS

The educational aims of satellite-images
are as diverse as the subjects involved.

3.1 Orientation

In the 5th grade, geography uses
satellite-images within the subject of
mapping-techniques as well as in basic
orientation on maps (topography).
Satellite-images, aerial as well as
terrestrical photographs are building-
blocks on the road to abstract
(topographical) maps. 5th-graders should
distinguish between these image-types,
should be able to talk about differences
in contents and techniques. Maps can
then be seen as the ultimate abstraction
of different classes of images of our
world.
Before and above all interpretations,
students of all levels have to learn how
to orient themselves on satellite images.
"Where are we?", "What do these colors
mean?" , "Where do all these differences
come from?"

3.2 Origin of Images

As seen above, these young students learn
about orientation on satellite-images.
"Where is what"-questions as well as
"Where do all the colors come from"-
questions are talked about in class. At
the next stage, one has to explain how
satellite-images are created. 5th
graders know a lot about weather forecast
based on satellite-images. But they have
to distinguish between (analog)
photograph and (digital) satellite-image.
It has to be clear, how different
coloration effects the picture and thence
the interpretation. There are often, at
first sight, distinguishable differences
between some part of the satellite image
and another, which have no realistic
counterpart but were created by the
image-processing itself (cutting lines,
pasting together of different pictures
etc.).

3.3 Interpretation

The finale stage in the use of satellite
images is interpretation. As soon as the
steps mentioned above are well taught,
even young students are able to extract
geographic information from satellite
images. Everyday weather pictures
provide a first encounter, images of
different-cities may lead to categorizing
city-types. Comparing two images of the
same region but registered at different
times give clues to environmental
problems (forest fires in southern
France, slash-and-burn-tactics in
tropical rainforests, oilspills in the
Persian Gulf...).
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Table 2:

Excerpts from the educational plan, where satellite-images are
potentially used in addition to the didactical places mentioned
above:

5th Grade Geography,
Unit 2: Agriculture and its Dependence on Natural and Cultural
Factors. Natural Factors: Weather

6th Grade Geography,
Unit 6: The German Coast Defenses against Natural Hazards

6th Grade Geography
Unit 2: The Alps Transit Routes across the Alps

7th Grade, Geography
Unit 2: Tropical Rain-Forests

Slash-and-Burn-Tactics Endangered Amazonia

7th Grade, Geography
Unit 4: Earth's Climate Earth as a Celestial Body

10th Grade, Chemistry
Unit 4: Basic Chemical Compounds

Environmental and Safety Problems

llth Grade, Geography
Unit 1: Energy and other Ressources Exploration

llth Grade, Geography
Unit 1: Feeding a Growing Global Population

Geo-Ecosystems

llth Grade, Biology
Unit 2: Ecology

12th Grade, Geography (basic course)
Unit 1: Development-Problems in Third-World-Countries

Urbanization

12th Grade, Geography (basic course)
Unit 2: Agricultural Restructuring in Germany

Agricultural Spaces Natural Basis of Agriculture
Changes in Agriculture since 1945

12th Grade, Geography (major course)
Unit 4: Human Influences on Natural Systems

Human Influences on the Rhine-River
(ecological consequences)

L2th Grade, Geography (major course)
Unit 1: German Agriculture

The Evolving of German Agricultural Spaces
Natural Basis of Agriculture
Changes in Agriculture since 1945

13th Grade, Geography (major course)
Unit 2: Development-problems in Third-World-Countries

Ecology of Tropical Spaces Urbanization

13th Grade, geography (major course)
Unit 1: Urbanization City-types and -models
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Figure! . METtOFAX-DATA received via long-wave-radio by nth-grade students

C:\SAT\JVFAX.006 05.03.92 18:45 Modul: 576
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4. SATELLITE-IMAGES AND INFORMATION-
TECHNOLOGY

In Secondary Education in Baden-
Wurttemberg information-technologies are
taught to students aging 14 to 19.
Satellite-images represent one aspect of
our society's growing need of information
and of the difficulties to handle vast
amounts of it.

Two examples, METEOFAX and Digital
Satellite Images (DSI) should be
discussed here.

4.1. METEOFAX-Data.

METEOFAX is a simple means to obtain
real-life-data on weather-conditions.
The original meteorological raw-data are
received and processed by Deutscher
Wetter Dienst (German Meteorological
Survey). They are packed into maps or
images and then transmitted terrestrially
on long-waves. These transmissions nay
then be received by each school,
transfered to a personal computer and
shown on screen or on paper. These
informations can then be interpreted by
the students.

The advantages of these METEOFAX-Images
lie in these areas:

The data are new. Up to now, all printed
weather-maps were already obsolete upon
arrival in the classroom. Who cares
about last October's weather? METEOFAX-
maps and -images are today's weather,
enabling the student to compare the
images with personal observations or to
reach a private prognosis for the next 24
hours.

The data are real. The students work
with real data, whereas text-book-data
are generally toiled to a certain
didactical aim. The motivation from real
data is far greater, even if more
difficult to handle, showing to the
student the real problems and the real
pleasure in solving those problems.

The mass of data is huge. The continuous
flow of incoming METEOFAX data is
overwhelming to students and teachers
alike. The sheer amount of it creates
the need to plan its use thoroughly in
advance. What new information is there?
How can important information be filtered
out? Which information is (still)
missing?

The didactical bottom-line of METEOFAX-
Data is a better understanding of
weather-forecasting, of information-
handling and an outstanding motivation
for those students who work with it
themselves.

4.2 Digital Satellite Images

Up to now, digital images are not used in
the Secondary education in Baden-
Wurttemberg. But plans have been made to
introduce digital image-processing first
to teachers as part of a continuing in-
service-training, and eventually to the
students.
Involved are experienced geography
teachers with basic knowledge of
computer-handling. In special training-
seminars they will learn how to use the
software technically and how to use this
new medium didactically. The following
questions are of special interest at this
point:
a) Which didactical aim is taught better
by digital satellite images rather than
by any other known medium?
b) How can a lesson using these digital
images be structured to serve the
didactical purpose mentioned above?
c) Which classes should use digital
images?
d) Which basic knowledge is necessary?
e) What kind of hardware is needed?
f) Which images provide adequate
information about recent developments
and can still be handled by the students
themselves?

5. IN-SERVICE-TEACHER-TRAINING

The key question to the use of METEOFAX
or digital satellite images is teacher-
training. Using knew teaching-tools
brings on the need to develop new ways of
organizing lessons, new problems with
hard- and software, more time spent on
preparing these lessons.
As shown above, different subjects are
involved in the didactical use of
satellite-images. As most teachers in
Baden-Wiirttemberg teach only two or three
subjects, a cooperation across the board
is imperative. Should a geographer teach
the basic laws governing satellite-
movements around our planet? Should the
computer-scientist teach the ecological
consequences of an oil spill extracted
from an image?
Teaching students how to use satellite-
images should be based on a broad
cooperation between teachers of many
faculties. Only the ultimate combination
of geography, physics and ecology can
possibly provide the student with the
knowledge needed to correctly interpret
satellite-images. The cooperation
between teachers in preparing and
teaching this subject will additionally
show the student, how adults cooperate to
solve problems, how different faculties
regard the same problems and that the
value of the final product is in no way
limited to one single field of our
society.
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Space research as a tool to acqaint children an young people with science and technology

Werner Bachmann, certificated pedagogue,and Judika Jentsch, certificated subject teacher

Wuhlheide Leisure und Recreation Centre Berlin

1

The lecture will introduce the Space Flight Centre
at the Wuhlheide Leisure and Recreation Centre
(FEZ) in Berlin. It will look into the question of
how space flight and space exploration is used to
introduce children and young people to scientific
and technical matters and to geht them interested
in them. The lecture will describe the aims, con-
tents und methods involved in showing young people
of different ages the purpose and benefits of space
exploration. It will provide a survey of events
and hobby groups organized by us in order to
aquaint children and young people with such aspects
of space exploration.

1. Introduction

In the five new states of the Federal Republic of
Germany there exist a whole number of leisure
centres for children an young people which have for
many years dealt with aspects of space research.
One of them is the Wuhlheide Leisure and Recreation
Centre (FEZ) in Berlin, a large, modern, almost
palace-like building with more than 600 rooms,
where children and young people can pursue their
hobbies and special interests in many different
areas.

- a space flight simulator (a cockpit with 4 work
places plus 30 seats for passengers)

- a laboratory/workshop for hobby groups
- a technical room for the reception of pictures
from weather satellites and for work with com-
puters

- a gallery, 4.5 by 18 metres, for exhibitions

The centre is run by two full-time college-trained
educationalists, specialized in the natural
sciences.

1

View from the Cockpit into the
Training Halle

2. The Space Flight Centre

The Space Flight Centre is undoubtedly one of
FEZ's main attractions. Since its opening in Oc-
tober 1979, more than 200,000 visitors have made
use of the opportunities it offers for getting an
insight into space research.
Each month, about 2,500 children an young people
attend events there, not counting around '(,000 vi-
sitors turning up for weekend activities at the
centre.
The Space Flight Centre has a floor space of 360
square metres, divided into the following rooms:
- a training hall measuring 18 by 8 metres and 6.5
metres in height

3. The Main Lines of Work at the Space Flight Centre

In principle, the centre pursues t'jo main lines of
work with children an young people:

(2.1) Group events: As a rule the participants,
such as school classes, come to the centre
once for a chosen event

(2.2) Hobby or working groups: School children from
the fith grade upwards come to the centre
regularly once a week over a long period for
several hours of work under the guidance of
a subject specialist.

C** • ft*

v I-
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-.:•• .T >i: :,-. easily ce interested in man and

•• :: '.' . TjIvvcrLCrir.". we discus,." with them the re-
:., i •••'<-•:.v.- i t be ::ict by a persun wishinp to become
.• •; ; ••• ":•:: . <•'•!•.
:.-. •:»• •• ur.-" • r this discussion the children be-
• .'•• '!'/."i!1'.' • !' .:u"h i:emap.(i5 an T VJQUId-be space
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- . :.;.--.'; I l v f i n' te. 'hnioal and .scientific
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• 'i":r'i(:r-, ine.'':', 0',-urare, tenm spirit
- i • • • : • • • l ient r-cvic-tion.'!
- tn-' :t i l i t v tf' wcri: under extreme conditions
- ;i.."'j.~.'ept i b i I i ty to riddiness, etc.

t-'.''*".' the :i.~'U'liinn. all the different require-
:•!'.•;'.' i he met by :'p'ioe pilots are summed up in
! .•; i :•:• h-'t ure.

.'iace Flight Simulator/Lecture Room

) M' tivation phase ('5 - 10 minutes)

he same slide lecture also tells the school
hiidrer. which opportunities our training hall
t'fors them for themselves "training" like an

r.'iinut.
following test and training equipment is
i!able:

•-. wobble r I at !'',-rm
a .'̂ -eoa-.v !'--r1 balance te:'t..:

i rotai in,-' platform
.-: rorirth-te;-t device:;
r-e-i.H: \n tcrtj
• .r.piit-c!1 r.n 'wled.-e t.e;-:r

flero Wheel Traininç

c) Phase of independent activity (20 - 25 minutes)

The children use the equipment on their own, test
their strength, reactions, knowledge and skills,
and compete for the "title" of best all-rounder.

Rotating Chair

d) Concluding phase

The traininr results are evaluated with theRroup
as a whole. In addition, questions are answered
which the children usually have after their ex-
perience, typically:

- How does a rocket lift off and fly (principle
of reaction propulsion)?

- What causes weightlessness?
- How do astronauts train for movin/r about in

:-ero-p-ravity conditions while still on Earth?
- Mow do astronaute eat?
- How da they sleep?
- How do they wush?
- How does a space t 1I let. work?
- How d' a.-'tror.autr land safely n̂ their- rctJin,
!Von space?

v \
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j r::r.̂ ;-i'.ec .'IT-J flirr.t l'-'f the children. This is
:. . .'..-••_•:• :• >:vit!e fer tne time being, since the
'•:•-..: ror.' re JL1Ir

1P." •.•yc-rriau: and modernization spe-
I:': ";.!.• "i T.a:ire-cver- tc the use of computers

*.:.i t' vi'.:e' : rf jecti^r; instead of 16 mm TiIn. and
• r.v : r' :u"'-i"r, ;f :i .".imuiation viaeo.
:.-. ;•-,! ̂ : •i;;--.r. we are .--till en the lock-cut for a
: ;."•::".•• :•::.'. ir.r •-..•,d able t,-1 rive us material
•..-.• :.-t-,:,-o i: :>r:di..'in.:- T r.ev: simulation sequence.

, ' rio event for 11 to 1J4 year olds, the inforina-
•.r. phase '."jr.cchtrater, on the reasons yjhy mankind
.,"!»"cr in space exploration and why there are
inniM space missions. We provoke the pupils by
k in.-* whether it would not perhaps be better to
,en<i a l l that money for other purposes here on
e earth. In o'-her words, the practical uses of
ace exnloratijn are considered,
have found that this are group is usually aware
the following earth-based applications of space

search an technology:

- use of communications satellites
- use of weather satellites
- exploration of earth resources by satellite
- the KOSFAS-SARSAT satellite search and rescue
system

- development of new materials
- bioiogical and medical experiments
- disaster warnings/environment protection
- military aspects of space technology
- reolcgical and cartographic uses
- astronomical research

Regarding these aspects, too. we have prepared
slije lectures. Al l other phases proceed as des-
cribea earlier.
Ac-jording to our experience, pupils of this are
rrt.ur above all ask the following questions:

- Hov: do coiTimur.icatior.s satellites and weather
satellites work in principle?

- '.-.;nat are the advantages of satellites in geo-
stationary and polar orbits?

- How does a muitispectrai camera work?
- ',-.'hat are the a.ivantares of ievelcpirii? new rr.a-

terialr in rer'-rravitv conditions in eartn
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- What use to people on the earth are biological
and medical experiments in space?

The former GDR Academy of Sciences gave us consis-
tent material an non-material support. The Institute
of Space Research in particular sent staff to assist
us in our work and supplied equipment.

Weather Satellite Receiving Station

Tni:- has enabled us, for instance, to receive
pictures from two weather satellites in polar
orbits, TIROS und HETEOR and to produce printouts,
with the help of a WES-? receiving station.
We use this equipment to explain to 15 to 18 year
oids the uses of space meteorology in improving
weather forecasts. The demonstration of picture
reception and recording gives us an opportunity
to refer to knowledge and experience gained during
school lessons (for instance in mathematics,
physics, astronomy and geography).

What the pupils find most interesting in this is
that they get a chance of direct, practical contact
with one aspect of space research.
In the discussion the pupils mainly ask the follo-
wing questions:

- Do weather satellites really improve the accuracy
of forecasts?

- How are the pictures taken, transmitted and
copied?

- Why are there weather satellites in both polar
und geostationary orbits?

- Hov; are the pictures processed and what informa-
tion do they yield?

;.? Hobby or working groups

Besides organizing lectures and other events the
Space Flight Centre also runs hobby groups for 10
to 18 year olds. Their members gather regularly
over a period of several years. Space research is
the medium by which they continuously improve their
knowledge of scientific and technical subjects.
We motivate these young people to design and build
test equipment and demonstration models for the
centre's visitors. Apart from widening their own
knowledge and understanding, they also get a chance
to demonstrate the results of their work to visi-
tors. In other words, pupils pass on their specia-
lised knowledge to other pupils. This is an impor-
tant influence in their personality development.

•̂-i^r * •'«~A^ *̂
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1

Workshop/Laboratory

Results of this kind of work include demonstration
models explaining the principle of reaction pro-
pulsion, weightlessness and the conditions of a
vacuum, as well as varius test equipment, models
and documentations for visitors.

"Moonscape" with Self-Made Fantasy Space
Rockets

An electronics group of older pupils develops and
builds software and hardware for our Space Flight
!"entre. The group is modifying a computer with
the aim of making possible future digital image
processing of pictures transmitted by weather
satellites.

Astronomical observations are an additional aspect
of our work, both during general events and in the
hobby groups. We concentrate mainly on:

- basic astronomical knowledge
- visual observations and astrophotography, above

all of the moon, the sun and the planets
- comprehensive statistical evaluation of solar

observation: (sun spots)
- the solution of set problems of astronomy and
.̂ pace flight with the help of computers

Our equipment for this type of work includes
reflector telescopes, school telescopes, amateur
refractor telescopes, astrocameras, mikrocompu-
ters and other hardware.

Member's of the hobby croups are particularly eager
to Tttend specialist lectures. Such lectures have
seen riven over the years by many scientists and
;tr.er experts, including 1? cosnonauts and astro-
:.-•>.!;'..;•- from several countries.

The Space Flight Centre thus carries out technolo-
gy propaganda in the specific field of space
research and propagates ideas and ideals of space
exploration.
The centre makes purposeful use of the children's
und young people's general interest in science and
technology, their play instinct and their urge for
physical and mental activity in order to impart
to them scientific and technical knowledge and to
develop their skills and abilities.
We are convinced that our work so far and the ex-
perience gained through it are suited to arouse in
young people an interested in and enthusiasm for
space exploration.
However, in order to continue our work to the best
effect and to raise its standard still further, it
would be good to find partners willing and able to
give us both material and nonmaterial support.

Besides our Space Flight Centre there are a number
of other institutions working in a similar manner,
among them the Cosmonaut Centre in Chemnitz.
The observatory in fiodewisch (Saxony), too, has for
years been doing excellent work in this field. On
4th October 1957 "Sputnik 1" was launched to its
flight around earth. Four days later it was observed
by a teacher and his pupils of the schoolobserva-
tory in Rodewisch. Since then pupils participate in
path tracking of satellites in their lessons and
their spare time. Up to 5000 positions were massured
in a year and the results were sent to international
computing centres.

Photo of the space-lab "Mir" 9th March 1992,
7.3̂  P.m. GET:
12 to 19-year old pupils have their astronomy-
lessons at the observatory and they can take part
in courses or do their project works here. Pupils
interested in astronomy can spend their spare time
at the observatory and they can work in ability
courses. Here they observe satellites and so they
get good knowledge of astronomy and accomplishments.
The pupils enjoy this work.
Process of photographic observation:

- input of the orbital elements to software
(origin of the orbital elements: Goddard Space
Flight Center der NASA, Royal Aerospace
Establishment Farnborough)

- the computation of forecast (place and time
cf visibility)

- the preparation of the camera
- the accomplishment of photoçrafic observation
an Registration of time
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- tr;e development of films and the determination
of positions

- the examination and the transmission of the
results to the Royal Aerospace Establishment
Farnborough

Through the observations the pupils geht know-
ledge of the satellites and their tasks. They
are able to compute the place and the time of
•in observation. The pupils use their accomplish-
ments and practise working in a team.
So it is of interest for their personality.

Results of the pupil's activities:

- the determination of the orbital period by
own observations

- the examination of the influence of the solar
activity on the orbits of satellits

- reports about space flights
- participations in international competitions
- software for observation and demonstration
- preparation of the camera

v \-
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ASSESSMENT AND CORRECTION OF THE IMPACT OF TOPOGRAPHY AND
ATMOSPHERE ON REMOTE SENSING FOREST MAPPING OFALPINE REGIONS

K.I.Itten*, P.Meyer*, T.Kellenberger*, St.Sandmeier*, R.Leu*, P.Bitter* and K.Seidel**

Remote Sensing Laboratories
Department of Geography
University of Zurich-Irene!
CH-8057 Zurich, Switzerland

** Institute for Communications Research
Swiss Federal Institute of Technology
CH-8092 Zurich, Switzerland

Abstract

Methodologies to improve Landsat TM forest classifications of
alpine regions through the removal of some radiometric and geo-
metric distortions are tested. Besides correcting for sensor and
system induced errors, geometric corrections are performed using
a digital elevation model. Then scene related effects such as dif-
ferences in illumination as well as the height dependent atmos-
pheric influence and adjacency effects are corrected.The obtained
improvement of the forest classification accurary can be demon-
strated against excellent ground truth.

Keywords: Topography, geometry, radiometry. atmosphere, ad-
jacency, forest, classification

had been generated by the Swiss Forest Damage Assessment
Project using color-infrared airphotos in scales hlO'OOO which
had been flown on 25 July 1985. Thus excellent timely ground
truth was available, which in part contained also information on
forest type, degree of mixing, crown closure, growth status and
vitality.

A digital elevation model (DEM) was available from the Swiss
Federal Office of Topography with 25 m resolution in x and y and
10cm for elevation. From this elevation model the following
datascts were generated: slope, aspect, illumination and Masks for
cast shadow and eigcnshadow. The illumination is defined as the
cosine of the incident solar angle, thus representing the proportion
of the direct solar radiation hitting a pixel.

All datasets were geocoded on the topographic maps of the Swiss
Federal Office of Topography.

1. BASE OF THE STUDY 2. IMPACT OF TOPOGRAPHY ON THE
GEOMETRY OF A TM SCENE

t

In remote sensing applications precise geometric ;vnd radiomeiric
corrections are getting more and more important. They result not
only in improvements in classification accuracy but are a pre-
requisite in any multitcniporul approach.

In this study the impact of topography on the geometry and radio-
meti) on a Lundsai TM scene of Central Swit/erland is investi-
gated and corrected in order to improve a forest versus non forest
as well as a stand / forest type classification.

The hase datasel consists of a 7-band TM scene ( 194-27 ) of 3 July
1985. Fall, winter or spring imagery is not suited for forest classi-
fications due to the lower sunangles which cast shadows, and due
to ihe fact that the foliage of the various forest types is not fully
developed. Within the selected cloudfree scene a lestsite "Becken-
ried" ( 1 2 km \ 17.5 km) was selected, which is situated in the
mountainous pre-alps of the Canton of Nidwalden in Central
Svtit/erland.

For this lestsite the green plate'. containing the class forest, of the
I : 50'(KK) topographic maps was scanned. Additionally maps of
about 9(K) hectares of forest stands were digiti/ed. These maps

I Terrain .mil m.ip Jau t-np\ rinhr. t-cdcr.il Office ol Topiigraplu.
2 IX-LCinhfr IWl

Geometric distortions arc not only related to the sensor and
imaging geometry but also to the topography. Especially in
mountainous regions image points are shifted due to scanline per-
spective displacement.

Although this relief effect is not eliminated neither during system
correction nor during the normal geocoding with "normal" poly-
nomial transformations, it is of great significance in moulainous
regions.

In our testsite Beckenried with an average scan angle of 4.5°, an
elevation difference of 300 m already shows a linear shift of one
25 m pixel. In the testsite Beckenried the elevation differences
amount to 197Om. Thus the topography especially in hilly or
mountainous terrain has a major distorting impact and conse-
quently had to be corrected by a shift-correction algorithm 11 ).

IMPACT OF TOPOGRAPHY ON THE
RADIOMETRY OF A TM SCENE

For the rather small testsite Beckenried a correction of the viewing
angle effect, a so called path length correction, was not necessary.

* I"

cvo"i(js ^- r'ie Cenfal S, •
SP 34' JuI, '992,

o! tnie 'International Space Year Conference Held m Munich Germany. 30 March-4 April 1992
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1

When processing ;i fu l l TM scene however, this factor mav have
KI he rccxamiiied.

3.1. Impact of the illumination

The same object displays totally dilTcrcnt intensity values under
van,ing sun position and topography. With a synthetic example
we can demonstrate this effect.

In Fig. I the illumination of the tcstsite Bcckenricd is shown. In
the upper image the illumination is modelled for the dale and time
of the actual satellite overpass (3 July. 09.40 GMT) whereas in the
lower image the same view is produced for two months lateral the
same lime.

An object lying in shadow receives and reflects less radiation than
the same object on the sunny side. These same objects therefore,
despite their equal reflectance, display varying intensity values
according to their position to the sun.

Fin- /•' Illumination t till ntaii'd for ilcitv ofiwrflifilit on J July.
09.40 (iMT llopl. unil illiiniinntion i-alculuted for 3 Septcni-
her (K>.40 CiMT (hottoml

This fact is a major problem for the classification of sa te l l i te
imagery. For a precise and efficient detection of objects, the topo-
graphic influence on the i l luminat ion has to he eliminated.

An often used method to circumvent this problem is a classifica-
tion of objects within smaller or broader illumination classes.
Then training and test samples are taken in each illumination class
separately and also (he classifying is done individually. Onl\ af-
terwards object classes are merged together.

Another approach corrects the il lumination variation as a pre-
processing step. This second method was used in our study.

Four models for the correction of the slope-aspect effect were
tested and discussed in view of their effectiveness to improve
forest classifications in alpine terrain \2\.

The common cosine correction method is not being recommended
for forest and forest-stand / forest-type classification improve-
ments. The statistic-empirical, the semi-empirical and the Minnaerl
correction however led to substantial improvements.

Control classifications in a midland testsite revealed that the em-
pirical constants are topography dependent and should be recali-
brated in each topographic region. Another important result
relates to the quality and resolution of the DEM. Ideally the DEM
should have a better resolution than the satellite scene, but at least
the same!

3.2. Impact of the atmosphere

Atmospheric scattering and absorption influence the incoming
(TD) and reflected (Ttjp) radiation in the following ways
(see Fig. 2):

• the atmosphere contributes its own part in reflected radiation
(path radiance. pa)

• it absorbs parts of the incident as well as the reflected radia-
tion

• it scatters reflected radiation in the vicinity around objects
(s. Tiip). This so-called adjacency effect reduces the contrast
and may smear the boundaries of objects. This effect is to be
expected especially with high resolution satellite sensors |3|.

Environment
Reflectance

Fin. - . Aniioyilii-rii fiii-liii-', iiitlneiii-iiiK tin' nuliaiu I hint; the

Since these effects are mainly tropospheric and depending on the
path length, low King objects (e.g. in valleys) are more affected
than mountain tops. The scattered component is added to the nor-
mal reflection, dark objects become brighter. This scattering also
reduces the spatial resolution of the sensor system because the
contrasts are fainter.

v . I-
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In our stud> we lricd Io correct this elevation dependent factor as
wel l us 10 bring hack the original contrast in the lower zones.

The basis for these tests was the atmospheric model developed by
TANRE et al. at the "Laboratoire d'Optique Atmosphérique" of
the "Université des Sciences el Techniques de Lille". France,
called "5S". which stands lor "Simulation of the Satellite Signal
in (he Solar Spectrum" |4|.

The SS code takes into account Raylcigh and aerosol scattering,
as wel l as gas absorption due Io water, carbon dioxide, ozone and
oxygène. Input parameters can be chosen from preprogrammed
standard conditions and models, or specified by the user. The
main output of the program are the various components of the ap-
parent reflectance (and radiance) al satellite altitude, the different
components of the irradiance at the surface and the scattering and
gaseous transmillances.

4. RESULTS

4.1. Visual evaluation

Due to the contrast enhancement single objects can be better dis-
t inguished in the slope-aspect and atmosphericalIy corrected
image compared to the just slope-aspect corrected one. Fine struc-
tures or linear elements however are not enhanced. Unfortunately
slight banding and bright target effects are getting visible in the
lake because of the increase in contrast.

It the adjacency effect is also taken into account and corrected,
fine details and linear elements, such as some tcxtural features or
ihc streets in ciliés are enhanced without causing new unwanted
side effects.
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4.2. Classification results

Through the atmospheric and especially the slope-aspect correc-
tions a classification accuracy of forest vs. non forest of almost
90 '7i could be achieved in our Beckenried test area.

The slope-aspect correction alone improved the classification ac-
curacy of faintly illuminated areas by about 5 '/i. and the sub-
sequent atmospheric correction yielded in the same problem areas
another 2 '/< increase (see Fig. 3)

In the forest stand / type classification the accuracy improvement
with the slope-aspect correction was between impressive IO c/t
and 30 '/< for brightly illuminated areas, whereas the correction of
the atmospheric effects had a slight worsening effect on the result
(see Fig. 4).

Overal l forest stand / type classification accuracies for the
Beckenried testsite were in the region of 62 '/<. This accuracy is
surely not high. We have to remember however, that the alpine
forest ecosystem encountered in the Beckenried area is composed
of a large variety of deciduous trees and also heavily mixed w ith
conifers. Therefore we have to be content with this result under
the specific conditions. While interpreting the percentages it has
Io be kept in mind, that a specific rigorous pixel per pixel accuracy
measure was applied.

For the classification of forest \s. nonforest a parallel-epiped
method using the original TM bands 2 and 5 is proposed. For the
forest stand classification best results were obtained in a binary
hierarchical procedure. Starting from the classified forest using
TM 2 and TM 5. wi th TM 4 the coniferous forest is separated in
a first step. The subsequent subdivision into the classes mixed
forest and deciduous forest is performed usina a synthetic band
TM 4 minus TM 2 111.

Fin- -t: Influence of the corrections on the accuracies of the standl
forest type classification for differing illumination, (legend
see Fig.3)

As overall result it can be stated lhal a methodology of improving
forest classifications in alpine terrain can be proposed. Geometric
and radiometric correction methods, among the !alter especially
the correction of illumination differences improved the classifica-
tion accuracies considerably. This is also true for the forest stand
classifications were one has to remain modes! in ihe overall ex-
pectations due to the spatial mixing of the tree types.
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GEOSCOPE
AN INTEiMCTIVK GLOBAL CHANGE ENCYCLOPEDIA

Rejean Sinard

Canada Centre for Remote Sensing
2464 Sheffield Road, Ottawa, Ontario, Canada KlA OY7

1. ABSTRACT

An interactive global change encyclopedia
(GEOSCOPE), portraying the contribution that remote
sensing fro* space can Hake to the monitoring of
global environmental change on earth, is being
produced for the International Space Year!ISY) in
1992.

Co-sponsored by the Canadian Space Agency and the
Canada Centre for Remote SPUS ing ICCRS), and
implemented under the direction of CCRS, the
objective of the OEOSCOPE project, is to domonst rate
to ;i large lumber of people around the world,
through hands-on experience, that satellite data
.-in- of \ital importance in monitoring the global
environment. The project is also intended to
illustrate t lie profound changes occurring in many
part s of t.he world.

The dnta in the encyclopedia w i l l provide global
coverage for more than forty parameters from
various remote sensing satellites and from
ancillary nap documents. Oilier related data,
iixnal Iy with greater spatial resolution, w i l l cover
continental and regional areas to illustrate more
localized phenomena which are nevertheless linked
to global environmental change (for example,
El Nino, deforestation and desertification).

The data w i l l be available on diskettes and TD-KOM
optical disks. I n i t i a l l y Z CD-ROMs w i l l contain
the global and regional data sets, however, given
the volume of data available and heiug m-iierated
annual l.s, there is certainly the possibility of
data .jii future CD-ROMs. The encyclopedia w i l l
operate on PC compatible microcomputer platforms in
general use around the world. The first release
for distribution of GEOSCOPE is planned for
November 1992. The purchase cost of the
encyclopedia w i l l be low in order to maximize its
use worldwide. Initially, GEOSCOPE. will he
produced in both English and French versions.

its panels of experts have planned for a worldwide
program of activities that w i l l highlight Ihc
importance of space observations and their CUOITOMI-;
contribution to humanitv.

The global change encyclopedia project I renamed
GEOSCOPE) has been accepted as I IIP kcj pru.iect of
the Global Change Out reach program. Co-sponsored
by I lie Canadian Space AKCIUA and I In/ Canada OnI r<
for Remote Sensiim ICCRS), and iinplemenlod under
the direction of CCRS, the objective is to
demonstrate to a large number of people around tin-
world, through hands-mi experience, thai s a l e l l i t . -
data an* of \ i 1 n l importance in notiituriiiu I hi
global environment. 'Hie project is also inli>ndrd
to illustrate the profound changcK i»:i:iirriiig in
many parts of the world.

The underlying principle is to assemble :tii<i
structure large sets of > J m i t u l remote sensing dal-i
and relevant anci I l.ir.v dig! IaI rlal.a (maps,
demographic information, etc.), and to malic I lien
available in readily access ihl* 1 d i g i t a l Nirm on
CD-ROMs or liiskeltf-K (Cihlnr i-l a)., IWI).
Software accompauj mi! the data h i l l iMiahlc users Io
display and manipulate I hi' informal ion in the
encyclopedia on a slandard I1C mirrncomputt-r.

The target audience fur this proji'ct iucluilcs hiuh
school and universtlx stiulinls, youni^ scioiilisls
arid memncrs of I he i>cneral public inl .'i-i-sl e;i in
global environmental change, This worldwide
audience w i l l be mill ( i I inmia I, su the cncvclupedia
hi l l be adaptable to many lansuaBcs. luilia!!> t lie
dala sels, snlluare and accompany iim ilticiuncnt at ion
w i l l be offered in English and French versions.

:i. OVERVIEW OF THK ENCYCLOI1EDIA

The data contained in the encyclopedia (more than
two gigabytes) h i l l consIH! ol informal ion I l'on a
wide variety of sources, in varions formais,
orfiiiti izwl aw 1 i > l IDKS:

t

2. INTRODUCTION

The year 1992 has been designated as Internat ional
Space Year ( I S Y ) . Over 25 na t iona l space agencies
have joined in the Space Agency Forum for
International Space Year (SAFlSY) and have aareed
on "Mission to Planet. Fart.h" as the theme for this
internat ional year (Meyerson, 198H). The Forum and

Images: w h i c h are global and regional
cont innous-t one images ol UMO-KClent 11'ic
parameters (such HK siirl'nce reflectance,
v e g e t a t i o n index, sea-ice concentration, sea-
snrface I cmpcral iir<', H < . | and geu-scienl 11 n
maps derived from imagery in geo-rfl'ereiioed
ras Ier fo rma t ,

«'nosu.'»! o> the lr>iernatiotio"ai Space Year Conference Held in Munich Germany 3C March-4 April 1992 '.*
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Maps: which are global and regional mans of
coastlines, land cover, vegetation, climate,
etc. in raster and/or vector format.

Socio-economic maps: which are socio-economic
and environmental statistics in tabular and
graphic t'ornât hv country.

1 llustrative photographs: which are photographs
illustrating local Mora, fauna and landscapes.

Supporting text: which w i l l provide
explanations and references about the individual
data sets.

Tin- encyclopedia will operate on an IBM PC-AT, or
compatible, with a VGA graphics adapter, hard disk
NOMb target, 20Mb minimum), mouse (optional but
highlv recommended), CD-ROM reader mid colour or
VkV printer (optional).

This hardware selection was based on its widespread
availability throughout the world and its good
eraphics display capabilities.

GKOSCOPE w i l l be offered in two different product
forms: a f.'D-ROM version and a sub-set of this as
a diskette version. The diskette version is
intended for those who are interested in these data
but do not have the time or inclination to examine
or analyze the full Cl) version, or for users
without access to a CD-ROM reader.

The CD-ROM and diskette sub-set will each include
real data and the software needed to access,
display and analvze them. Global data sets K i l l be
stored in raster, vector or alphanumeric form and
geo-referenced bv latitude and longitude. The
regional data w i l l be geo-referenced in various
projections as provided bv the contributors.

The overlay of vector linework on raster imagerv
and maps w i l l be possible on the displav screen,
and the system w i l l be able to capture, store and
displav annotation. The user w i l l be able to
browse imagery slides on the CD (using on screen
hvpermedia tools) and download selected portions of
the data to a hard disk using the access software.
The analysis software for processing the data w i l l
offer a limited set of raster GlS functions which
can he used for manipulating and analyzing the
downloaded data.

The software w i l l function at different levels of
complexity and flexibility, depending on the
knowledge and experience of the user. The
intention is that this package w i l l provide a
sampling of basic raster GIS and image-anaIVKis
functions, not a complete set of tools, to analyze
and appreciate the value of the data. Users
wishing to perform nore complex analvses can do so
by exporting the data to more complete GIS or image
analvsis systems.

4. THE DATA OF THE KNCYCLOPEDIA

The data of the encyclopedia have been provided bv
the various space agencies participating in SAFISY
(although primarily bv NASA and bv N(JAA), and by
more than fifty other scientific organizations
around the world.

As mentioned above, various kinds of data will be
incorporated in GKOSCOPE. The Table 1 (for global
coveraee) and Table 'i (for regional coverage) list
the content of the data that have been considered

for inclusion in the encyclopedia. There are more
than 40 geo-scientific, biological, ecological,
phv.sical and chemical parameters related to the
global environment, in addition to 240 socio-
economic variables defined on a per country basis.
Most of the global satellite parameters correspond
to monthlv average observations made from space
during the 19HO's.

TABLE I: GLOBAL DATA SET LIST

TITLE

- ISSCP cloud distribution
- SAGE I l aerosol concentrations
- SSM/I atmospheric liquid water
- climate anomalies
- outgoing lonewave radiation
- aerosol (ont. thick)
- ocean surface wind speed
- sea surface temperature
- ozone concentration
- NOAA monthlv Global Vegetation

Index
- Olson world ecosystems
- Matthews vegetation
- ice concentration grids for
the polar regions

- Matthews cultivation intensity
- Matthews integrated albedo
- MSlI tropospheric temperature

- FNOC terrain elevation
- FNOC percent urban cover
- FNOC percent water cover
- integrated elevation and

bathymetry
- FAO/UNESCO soil map of the world
- CZCS ocean colour, phvtoplankton
concentration

- experimental monthly global
NIHI product.

- snow cover (northern hemisphere)

- Holdridge Life Zone
cI assi ficat ion

- average monthlv air temperature
and nrecepitat ion

- Zobler soi I tvpes
- Zobler near-surface soil tr-xturc
- Zoblcr soil unit surface slope
- GEOSAT wave height
- vertical movement of the sea

level relative to the land,
induced bv post glacial rebound

- world meterological surface
station climatology
(precipitation/temperature/
pressure)

- mean temperature/precipitation
change due to double C02 as
simulated by global circulation
model

- world vegetation map (1985-87)
- grid data of the world
temperature and percipitation

- historical sea levels
- monthly mean temperature/
prec i p i tat ion/cloud iness

- distribution of global
vegetation patterns: biome
model

- present dav tectonic plate
boundaries, coastlines and
continental margins

SOURCE

NOAA/TIROS-N
ERBS SAGE Il
DMSP SSM/I
METEO.STAT.
ERB NIMBUS-7
NOAA AVHRR
DMSP SSM/I
NOAA AVHRR
TOMS NIMBUS-7

AVHRR
maps
maps

DMSP SSM/1
maps
maps
NIMBUS/
HIRS-MSU
•aps
maps
maps

•aps
maps
CZCS
NIMBUS-7

AVHRR
SMMH
NIMBUS-7

various
land & sea
measurement
maps
maps
maps
GFOSAT

model

meteo stat.

CCC/GCM-2
model
AVHRR

meteo stat.
tide gauges

meteo stat.

maps
magnetism.
bathvmetrv

(cont'dl

!•
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TITLE SOURCE

- columnar water vapour
concentration I)MSP SSM/1

- reconstructions of past tectonic
plate positions various

- earthquakes various
- sea ice concentrât ion (SMMR) SMMK
- Ton Van Sants world image AVHRR
- ma.jor deltas of the world various
- tectonic plate motions inferred

from tracks of hot spots various
- tectonic plate motions inferred LAGEOS

fro» satellite laser ranging satellite
- socio-economic data per countrv World Resource
basis Institute

TABLE 2: REGIONAL DATA SET LIST

- cold cloud duration for Africa METEOSAT
- no. of rainfall days for Africa METEOSAT
- potential evapotranspiration for

Africa MKTEO.STAT.
- strong Sahara dust outbreak over
north-west Africa METEOSAT

- strong depression west of
Portugal METEOSAT

- interpolated rainfall for latin
America METE».STAT.

- interpolated mean monthlv minimum,
•axilium and model temperature for
Latin America METEO.STAT.

- modal elevation for latin
America maps

- FAO soil for latin America maps
- evapotranspiration (SW France) AVHRR, maps
- surface temperature (Sh France) AVHRR
- monitoring of poisonous algae

bloom in Scandinavia AVHRRM11I
- ozone North/South pole NFMB-7 TOMS
- Antarctic ozone data H1RS2/TOVS
- NDVI for Africa AVHRR
- vegetation/land use (SVi France) AVHRR
- CORINE/Europe mans
- NDVI continental (Tucker-GAC)

Africa AVHRR
- NDVI continental (Tucker-liAC)

America AVHhR
- NDVI continental I lucker-UACI

Asia AVHRR
- NDVI continental (Tucker-GAC)

Australia AVHKR
- NIH1 continental (Tucker-liACI

Europe A V H R K
- sea ice concentration. N o r t h /

South IOTIe I )MS(VSSMI
- forest mapping in Kjnaria TM, SPOT
- forest cover change in the

Menglun nature reserve nf China MSS. TM
- MCSST-images tor Fastern

Ecmatorial Pacific li)H^-l;iKi) A\HRR
- urban deforestation /aire MS^
- ranee land monitorina in Smith

Alberta. Cannrta MSS
- urban growth in Montreal, < .innd-i MSH
- végétation index in ISA A\HRR
- global assessment of soil
degradation in Africa man

- estimated population densities
fo r A f r i c a mmi i - i

- North American vegetation
greenness index \\HHR

- Canada vegetation ^ land cover -MHWR
- ocean-surface e|e\ation,

G u l f of A l a s k a liKosd
- ocean color, H( roast and

offshore, Canada c/cs

TITLE SOUKCK

- sea surface temperature l . lananl MOS-I V T I R
- ice mot ion in the A n t a r c t i c MOS-I V I l R
- red t ide, Ianada west coast AVHRR
- Nor th A t l a n t i c product i v i t v riata I /CS
- oil s p i l l in Northwest coast

of Crete SPO'I
- erosion in a portion of Mato-
Grosso state, Brazil, west of
Brazilia SPOT

- serious flooding of the Mcehena
River, south of Dhaka,
Bangladesh SPOT

- the IWH? fire in the Hei loiig.iiane
province of China SPOT

- SKiT image of Kuwait. SPOT
- Milk River. Canada MSS
- spruce hndworm outbreak in Cape

Breton Nova-Scotia, Canada TM, MSS
- quad 3 Peace River. Alberta,
Canada TM

- .Tames-Bav, Wuennc, Canada MSS
- the Wadden Sea, hestcoast of

Sehleswigholslein. North-ijermanv TM
- Mauna l.oa atmospheric carlion IH Gas

dioxide analvzer
- I'NKSIO river discharge eage stations
- vegetation index image of Canada AVHRH
- Canada colour images AVHRR
- nisht iniaee of Eastern seaboard
of North America DMSP/OI.S

- night image of Western Africa DMSP/OLS
- night image of Northern Europe
and Scandinavia DMSP/OLS

- Mackenzie Delta, Canada TM
- forest fire in British Columbia,
Canada TM

- Hubbard Glacier, Alaska TM
- Kluane Glacier, Yukon Territory,
Canada TM

- White and Thompson Glaciers,
North West Territory, Canada air photo

- timber harvest in British
Columbia, Canada TM

- Tucurui Hvdro-electric
reservoir, Brazil TM

- estimated rainfall for Africa TIR

In addition, GKOSCOPE has been designed to access
vector data importnd from another product
identified as the Digital Chart of the World (Hum.
1991). These datn h i l l be availahh- in mid-1992,
and having a worldwide coverage, w i l l complement
the raster GEOSCOPE data effectively. Thev have
been obtained from the digitization of Operational
Nautical Charts (ONf) at a scale of 1:1 01)0 001).

5. USINR THE ENCYCIX)PKDIA

The GEOSCOPE software w i l l f a c i l i t a t e i n n o v a t i v e
explora t ion and use of the global nature nf t h'1

overal l da ta set. I n p a r t i c u l a r , t h . - usi-r
i n t e r f a c e m i l he »t a verv h i ch I c - x e l , w i t h a
st i m i i l a t ina , user-fr icndl v PUV i ronnn-n i , n n t i n i ^ d
to encourage and s i m p l i f y main pu I.-it ion of l a r u i -
amoun t s o f da t a . Moreover, the i n t e r f a c i - h i l l he
t a i l o r e d to I In - e lohn l change c n n t i ' x t , w i t h
emphasis, for e \nmnle . on the temporal n a t u r e of
phenomena.

The eiicv c I d M i M l in w i l l he accessible at Kmr m a i n
user opt ions:
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Vi^t.

5.1 "Scenario" mode

The scenario mode will allow guided tours of slides
(using hypermedia tools) and practical exercises
wi t h real data for various themes of the global
change subject covered bv GEOSCOPE. Topics to be
addressed by these scenarios will include the
Biosphere (which include Forestrv.
Agriculture,...), the Atmosphere (Ozone,...), the
Hydrosphere (Oceans, Deltas,...), The Cryosphere
(Glaciers, Sea Ice, Snow,...), The Lithosphère
(Geodynamics) and the "Civilization" (Demography,
Philosophy of Sciences, Health,...).

The practical exercises are a natural extension of
the guided tours. Each exercise will encourage
users to experiment with the input parameters and
compare results. In this wav. users will have a
better understanding of the parameters which affect
environmental processes and phenomena.

The user w i l l also be able to develop their own
scenarios tor the preparation of educational
activities adapted to a given teaching program for
example. This characteristic is considered to be
a verv important factor in stimulating use of the
encyclopedia in a school environment,

5.2 Kxplore mode

In the Explore mode the user can explore any
snccitic eroup of images, as represented by slides,
selected bv themes (e.a. atmosphere or crvosjihereI
or hv regions (global or regional!. This will
allow the user to appreciate the content of the
data base before downloading real data from the TD
to the hard disk.

î.J \nalv?e mode

\t this level, users w i l l have access to the all
analysis functions ot (.EOSCOPE (see Table ;i for
detailed list I. Actual analysis of the data can
also he def.'tved in a batch nueue for off-line
processing (over night, tor example, if lengthv
calculations are reciuired).

TAHLK H: BASIC FUNCTIONS OF THE ENCYCLOPEDIA

I > U \
i nst:i M '»t ion ol d i s k e t t e r ' l i cs :
r|m,ii I on H ot «-e lec ted data sets f rom ('U-HOM to
hard d i sk ;
t r a n s f o r m a t i o n ot data sels in to v a r i o u s map
M-O. icct ions.

I i A ' I A i i i SH. Vi
d i ' p i ' u on t i n - screen OT a l l data tvpes
( inc I iid i ne si 1 1 i t -screen I ;
zoom and roam:
t r a m ' — arah capture of d i nn Inver t dala:
a u t o m a t i c repla1. and n m m a t ion.

ItIl1H(MKiIlA
scr ip t c r e a i ' v n l a v

- lu i t I on too I s
t e x t ed i t o r

I M M M A N l U I . V T I i i N
\c i - t . -> r ed i t too ls ( c h a i n e n t r v and n e t w o r k i n g .
IHI i VC(MIl Z.'lt Kin, . . . )

mask generation:
.t-li représentât "iri>

nom' i n i i - r i e s t rom m u l t i p l e data I a vers and
hi i t t ' e r zone uueries.

DATA QUERY
- profiles of multiple data layers (including time

series data representation);
- histograms of multiple data layers:
- scattergrams from two data layers.

FILE ANALYSIS
- calculation of area:
- extraction of image and map statistics from

polygons;
image and map regrouping:
image and map arithmetic;

- map overlay;
image and map rescale.

DATA INPUT/OUTPUT
import/conversion of DCW vector data;
export/conversion of data sets to ASCII files
and to binary files for use outside GEOSCOPE;

- plotting of displayed images and maps on
optional printers

5.4 Edit mode

This is the mode the user will choose to prepare
his/her results for presentation on a map document.
Output prints of their results on colour maps will
be possible at this stage.

It is expected these four options will facilitate
various conditions of use of GEOSCOPE for different
user groups ranging from novices to experienced
users. This will also simplify the exploration and
analysis of this huge data base in distinct steps
with an optimum level of control by the user at
each level.

6. CONCLUSION

The production in 1992 of an interactive global
change encyclopedia will be an important event in
the activities marking the International Space
Year. It is intended to increase public awareness
of the contribution of space technology, remote
sensing and georaatics to the monitoring and
understanding of global environmental change. The
encyclopedia has been designed for ease of access
by as many users as possible worldwide.

The 1990s will undoubtedly be a very important
decade for establishing diagnosis and action
strategies for our growing environmental problems.
It is our hope that this encyclopedia will
contribute to greater understanding and encourage
the research and international co-operation
necessary for the sustainable development of our
resources and of our communities.
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INTEGRATED GLOBAL ENVIRONMENTAL (GLOBAL CHANGE) DATA ACTIVITIES

SUPPORT RESEARCHERS AND EDUCATORS

David A. Hastings, David M. Clark, and John J. Kineman

National Oceanic and Atmospheric Administration, National Geophysical Data Center, Boulder, CO

ABSTRACT/RESUME

The Global Change Data Base results from a cooperatively
developed method of publishing peer-reviewed data designed
for integrated inultivariate spatial analysis. The GCDB with
accompanying documentation and access software lie entirely
within the public domain. They are designed (1) to further
research, education, and overall awareness of the global en-
vironment; (2) to provide beneficial feedback to enable the
authors to enhance their own research and data development,
and (3) to provide a mechanism for scientists to share and
receive credit for the intellectual content and expression of
their experimental designs, analyses, interpretations, and
models of the global environment. The prime medium for
distribution is CD-ROM, though educational data sets are
being prepared for distribution on floppy diskette, ac-
companied by a manual of exercises.

Keywords: global change, data, integration, research, educa-
tion, outreach.

1. INTRODUCTION

An increasing number of laboratories and individual scientists
have been developing digital spatial data sets to describe va-
rious aspects of the global environment. A cooperative effort
to integrate many of these data has been progressing for seve-
ral years, and is about to reach fruition in the first public
release of NGDC's Global Change Data Base (GCDB; Réf. 1 )

The integration effort has involved careful inspection of data
for .spatial registration, consistency between documentation
and data content, and appropriateness for multivariate anal-
ysis and modeling in image processing, spatial statistics, and
geographic information systems.

To reduce the hugeness of the task of data integration, the
GCDB is starting with only global data sets. However, as it
advances, interest is increasing for continental- and regional-
scale data bases. Selected continental-scale data sets may
soon be added to the GCDB.

This task may appear menial and boring. Indeed, there is
much tedious inspection of data and documentation. Howev-
er, the Global Change Data Base is also an experiment in inte-
grating and improving access to individual data sets. When
combined, these data constitute a fascinating view of ( I ) the
Earth as a system, and (2) how we conduct science.

2. OBJECTIVES

Why the need for an integrated data base? Many people
currently concentrating on one or two parameters that attempt

to describe certain aspects of the global environment would
like access to more data to woik with. However, assembling
such data is tedious. Even without rigorously assuring carto-
graphic fidelity and scientific accountability, simply finding
and acquiring such data can be time consuming. A single
reference data set can-thus be acquired more easily, can be
used as a focal point for comparisons, etc. Iu addition, re-
sources needed to improve the geographic fit and scientific
usefulness of such data can be expended once to a certain
level, leaving the scientist or educator to move beyond this
point in whatever way s/he chooses.

2.1 Integration of Data for Multivariate Analysis

Many existing environmental data sets are produced individ-
ually by specialists in a particular field. These data are often
designed for a special application, with compromises that may
nol be optimal for other users. The data may also have char-
acteristics (cartographic projection, legend categories, simpli-
fications) that may make them difficult to use as part of an
integrated multivariate study.

For the past few years, the USA's National Oceanic and
Atmospheric Administration has placed emphasis on "Earth
Systems" approaches to science. NOAA's National Geophys-
ical Data Center, and its co-located World Data Center - A,
Boulder (Colorado) Centers, is emphasizing the development
of integrated data sets for studying the Earth as a system.

Many studies of the global environment emphasize only one
or two types of data. For example, detailed studies are some-
times made of several weeks or years of Global Vegetation
Index (GVI) from NOAA's Advanced Very High Resolution
Radiometer (AVHRR), perhaps comparing such data with
past and predicted crop yields in the African Sahel. Such data
can be internally consistent but slightly misregistered to the
globe (as one can still identify the West African coastline, for
example, in the imagery) without significantly affecting some
studies. However, (1) attempts to relate the GVI to vegetation
type, soils, or topography (Réf. 2), or (2) attempts to "vali-
date" production and processing of satellite imagery by
comparisons with ground-based data can be greatly assisted if
the separate data sets are integrated into an overall data base
designed for multivariate application.

The Global Change Data Base is an atlempt to address this
issue of integration and quality assessment. Hastings and
others (Réf. 3), Clark and others (Réf. 4) and Kineman and
others (Réf. S), discuss some aspects of this activity in greater
detail than the present review.

2.2 Peer-Reviewed "Publication" of Data

Fundamental analytical scientific data are often more widely
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used, with hundreds of users, than are typical scientific re-
search papers, which may typically be cited by a few other
authors. Vet financial/logistical/moral support for sharing
data is often low. Why this problem, and how to solve it?

The design and execution of experiments that collect data
have frequently been recognized as intellectual contributions
only if the scientists involved produced publishable findings
from the data. As such, sufficient acknowledgement may not
have previously been made for the development of certain
pioneering attempts to characterize the global environment.

Faced with such a reception, scientists have sometimes pre-
ferred to publish findings from data, rather than to thoroughly
document the data and share them with the public.

On the other hand, there has been considerable discussion on
what constitutes scientifically valid data on the environment.
How are such data certified? Should committees be formed
to validate such data?

One alternative is to adapt certain existing traditions of peer
review and hardcopy publication to digital data. The Global
Change Data Base is an attempt to support such thinking.

In the GCDB, individual data sets are considered as authored
chapters in a symposium volume. Each chapter consists of
data, basic documentation on file format and data develop-
ment, written discussion of scientific applications of the data
(often with technical writings on research findings), guide-
lines on characteristics of the data that might affect new
applications, and a bibliography of other writings on the data.

The data are reviewed in-house at NOAA/NGDC for geo-
graphic registration, accuracy and appropriateness of catego-
rization, completeness of documentation, and ability to be
used with other data in the GCDB. Many data sets have ini-
tial problems in these areas that may not have affected their
original applications but which, if not corrected, would cause
trouble when used in the multivariate spatial GCDB. Data
and documentation are corrected and/or enhanced for some
data sets, to improve their integration into the GCDB.

The data are then sent to several experts for their comments.
These comments are used to further edit the data and docu-
mentation, for increased value to users of the data base.

The Global Change Data Base has had two forms of peer
review to date: ( I ) The first prototype, an integrated collec-
tion of data for Africa, was reviewed by scientists on six
continents, as part of the International Geosphere-Biosphere
Programme's (IGBP's)Global Change Database Project, Pilot
Project for Africa. (2) A CD-ROM containing about 500
megabytes of integrated global data was reviewed by about
150 Beta testers as part of a cooperative Global Ecosystems
Database project with the USA's Environmental Protection
Agency. Both of these data sets are described in more detail
below.

Peer-reviewed data should not be considered as perfect,
especially in these early stages of describing the globai envi-
ronment. However, they have been determined by reviewers
to be appropriate for cautious study by scientists who will
read the documentation and use care and judgment in their
use of the data. As in hardcopy information, we can expect
people to find enhancements, alternatives, or additions to the
GCDB. We invite anyone to contact us with comments,
suggestions, or data for subsequent releases of the data base.

2.3 Public-Domain. Accessible

The Global Change Data Base, as is the case for all data dis-
tributed by NOAA/NGDC, is completely in the public do-
main. There is no restriction on the distribution or use of the
GCDB, other than common courtesy that the authors and
publisher be referenced in any subsequent use.

NOAA/NGDC distributes its data in all appropriate media.
Magnetic tape, floppy diskette, and Compact Disc Read-Only
Memory (CD-ROM) have been used for data contained in the
GCDB. Because of the large volumes of data already in the
GCDB, CD-ROM is considered the most practical (and most
economical) form of distribution for the data.

On-line distribution of scientific data has been attractive to
many scientists. With such systems, a person can collect
large quantities of data for the cost of a connection to a
communications network, or for telephone hookup via
modem to the source of the data. Currently, there are no
plans for such distribution for the Global Change Data Base
other than during the review process. NOAA/NGDC must
recover its costs of managing the data, which places a nomi-
nal charge on data (with numerous exceptions, such as for
contributors of data, researchers or cooperators in various
programs, who get the data at no charge). Also, the size of
the Global Change Data Base (over a gigabyte and growing
rapidly) makes even high speed network transmission nontriv-
ial. Also, networks are not yet fully accountable for daia
quality, which makes them inappropriate media for operation-
ally transmitting the reviewed GCDB.

The data are accompanied by software that helps the user to
browse through and visualize the GCDB and select appropri-
ate data for use. The current version of the software is being
enhanced and implemented for multiple platforms, such us
IBM-compatih'e computers, Apple Macintosh computers, and
UNIX workstations. The data are immediately compatible
with several spatial analysis systems including GRASS-GlS
(for UNIX; Réf. 6) and IDRISI (for DOS; Réf. 7). The data
have been easily imported into several more spatial analysis
systems.

2.4 Support Research. Education. Awareness

The previous paragraph notes that one can view several as-
pects of the global environment with the data and accompany-
ing software. However, the main purposes of the data base
are belter served by using software of the user's choice for
research, education, or public awareness. For this purpose,
the data are stored in a latitude-longitude unheaded grid
format (with associated vector data) compatible with ingest
into many software systems.

In-house analysis at NOAA/NGDC has already begun to
produce some research results (Réf. 2). Several Beta testers
have commented on their research activities with the data.

The IGBP's Global Change Database Project has been con-
ducted with the United Nations Environment Programme
(UNEP) the United Nations Institute for Training and Re-
search (UNITAR), la Sociedad de EspeciaJistas Latinoameri-
canos en Percepcion Remota (SELPER, the Society of Latin
American Remote Sensing Specialists) and other organiza-
tions to conduct training and awareness workshops in Africa
and Latin America. One result of this activity is a training
manual designed for self-instruction and exploration of the
global environment, focusing on Africa as an example.
NOAA/NGDC has enhanced the IGBP training workbook for
publication in 1992. There are plans for additional education-
al materials, such as narrated 35mm slide sets, and perhaps a
video. We invite commercial publishers to produce value-
added products from these materials, after the GCDB materi-
als are publicly released.

2.5 Provide Feedback Io Authors of Data Sets

The integration, in-house and external testing, and develop-
ment of educational materials is done in consultation with the
authors of the data, even if the data have already been placed
into the public domain. No data set enters the GCD3 without
explicit approval of its author(s) for its unrestricted distribu-
tion.



We want the GCDB to he as useful to the authors of the data
as to customers of the data base The authors are the ultimate
authorities on their work. The authors are also pioneers in
attempting to describe the environment. However, the GCDB
offers feedback on attempts to integrate and use these with
other data, and in documenting the data for ujers outside the
authors' own specialties. Our analysis of spatial and thematic
representations, imercomparison, and other research on the
integration of the data offers back to the original authors
information that might stimulate improvements in (and new
applications of) the data.

2.6 A Is this a Prototype for Future Distribution
Of Digital Data?

Are there elements of the CCDB that can be useful to others
in the business of distributing data?

We hope so. Indeed, interchange of ideas between NOAA/-
NGDC and the Canada Centre for Remote Sensing has been
fruitful for the GCDB, as well as helping in the development
of CCRS' Global Change Encyclopedia for the International
Space Year.

Just as the hardcopy publishing industry has many producers
of a wide variety of publications, we can predict many differ-
ent sources of digital data in the future. We hope that some of
these sources will improve the technology of data quality,
integration, review/certification, documentation, and accessi-
bility.

3. CURRENT STATUS OF THE GCOB

3.1 Current Contents

The current version of the GCDB includes the following data:

topography (Réf. 8)
distribution of population (Réf. 8)
surface water coverage (Réf. 8)
terrain characteristics (Réf. 8)
topography/bathymetry (Réf. 9)
vegetation (Réf. 10)
land use (Réf. 10)
seasonal albedo (Réf. 10)
ecosystems(Refs. I I , 12)
soils (Refs. 13, 14)
life zones (Réf. 15)
temperature & precipitation (Refs. 16-18)
vector base map line work (Réf. 19)
vegetation index from AVHRR (Refs 20-22)

Many other data sets are at various stages of incorporation
into the data base. Such data will be added to the GCDB as
they proceed through acquisition, discussion with authors,
ingest, quality control, integration. Beta Test peer review, and
dccumentation. Although all of these data sets are global, we
plan to incorporate significant regional data sets at a later
date: for example, where such data might help stimulate
demand for (and later supply of) global versions of such data.

3.2 Availability

The Beta Test of the IGBP Pilot (Diskette) Project for Africa
was conducted in 1990-1991. The Beta Test of the
NOAA/EPA Global Ecosystems Database was conducted, in
conjunction with the USA's Environmental Protection
Agency, u- 1991-1992.

The revised GCDB Pilot Project for Africa is slated for distri-
bution on floppy diskette, with documentation and training
workbook, sometime in 1992. Annotated slide sets may
follow later in 1992. We invite anyone interested in produc-
ing educational materials for schools (or any other audience)
to contact NGDC in Boulder or NOAA's Educational Affairs
Division in Washington. DC.
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The full Global Change Data Base is slated for publication on
a series of CD-ROMs, also in 1992. A new Beta Test of
proposed additions to the GCDB will also be conducted in

We invite anyone interested in the data to contact
NOAA/NGDC for an information packet, and to be placed on
the mailing list for the data.

We also encourage authors of global or regional data sets to
contact us if they are interested in the concept of peer-
reviewed publication of such data.
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ABSTRACT

This paper introduces METEO DISC, an inter-
active, CAV videodisc for displaying motion
scenes from meteorological satellite data.
The disc user can manipulate motion during
its display. Linking the videodisc player
with a PC provides the possibility of fur-
ther scene manipulations, the development of
a scene-oriented knowledge base, and the
pre-programming of presentations.

Keywords: interactive videodisc, meteorolo-
gical satellites, motion scene manipulation,
scene observation, scene analysis, scene-
oriented knowledge-base

Our planet Earth is a dynamic system, and
the atmosphere is its most dynamic subsys-
tem. Thus, it is quite logical to search for
ways and means to visualize appropriately
its dynamic characteristics. Viewing the
earth from space provides a favourable per-
spective. Remote sensing techniques from
artificial satellites allow global observa-
tions in appropriate frequencies of repeti-
tion. Particularly half-hourly image sequen-
ces provided by geostationary satellites,
can be animated excellently by cinematogra-
phic methods. This technique has first been
applied to satellite image data in 1967, by
V. Suomi, University of Wisconsin, and T.
Fujita, University of Chicago (SUOMI and
FUJITA, 1967), which exhibits the atmosphere
in motion. In the meantime, motion scenes
from satellite image sequences have become a
regular component of daily televised, public
weather presentations. Simultaneously, cine-
matographic animation has been developed in-
to a large variety of motion display mani-
pulation techniques (e.g. WARNECKE and ZICK,
1981, WARNECKE 1987, 1991). They take into
account that viewed atmospheric scenes are
composed of a large variety of atmospheric-
oceanic processes covering a wide spectrum
of temporal and spatial scales. Motion dis-

play manipulation is used purposely to fil-
ter out certain time and space scales in or-
der to optimize the perception of selected
phenomena. Otherwise, the complexity of mo-
tion patterns and processes becomes rather
puzzling and irritating.

Motion manipulation of satellite image se-
quences is usually confined to rather costly
image processing devices and mainly restric-
ted to research applications. In the past,
distribution of generated motion scenes for
teaching and training purposes has had to
rely on movie film or video tape as data
carriers. The production of both these car-
riers, however, is rather costly and time
consuming. Thus, compared to the enormous
wealth of images available day by day, only
a rather small number of such scenes has
been yet distributed. Optimum display requi-
res investigating the appropriate manipula-
tion procedure, designing a film script, and
generating the final image sequence to be
filmed or to be copied onto video tape. Once
the film or video has been made, however, it
can only be displayed in its fixed linear
form. Since motion manipulation and film
script production are highly subjective,
film and video products are unavoidably sub-
jective media, too.

Even after they have been produced, video-
discs, however, allow the manipulation of
linear image sequences, by external control,
i.e. remote control or computer. As depicted
in Fig.l, image sequences on a videodisc can
be generated and simultaneously manipulated
at the very last stage, during the display
process of motion scenes. This possibility
opens a new world of satellite image distri-
bution and presentation. METEO DISC has been
produced in order to demonstrate and prove
these various possibilities and to explore
widespread applications.

METEO DISC, produced by ZEAM/FUB and suppor-
ted by EUMETSAT, is a CAV (constant angular
velocity) videodisc, designed as a so-called
resource disc. Besides a short bi-lingual
(German and English) sound movie as an in-
troduction to its proper use, METEO DISC
contains about 42,000 analog satellite ima-
ges representing more than 600 selected sa-
tellite image sequences of primarily meteo-
rological content. Several scenes are also
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of océanographie, others of geomorphological
interest. Even though some image sequences
appear repeatedly, each sequence has been
differently processed. Some of these diffe-
rences pertain to contrast enhancement and
to colour coding. Others refer to either
absolute or relative motion modes. Images
have been mainly chosen from northern hemi-
spheric HETEOSAT data. A number of scenes,
however, have also been selected from ATS-3,
SMS-I, GOBS-E, NOAA-7 and -9 (Arctic), and
GMS-I (around New Zealand).

METEO DISC contains 40 Chapters (TABLE 1) .
Its CAV nature allows momentary access to
each single frame or chapter. Thus, METEO
DISC can best be compared to a book: One can
easily and quickly browse through the disc,
picture by picture, chapter by chapter, or
scene by scene. Motion scenes from METEO
DISC exhibit predominantly synoptic and sub-
synoptic scale atmospheric structures and
processes such as cyclones, cyclogeneses,
jet streams, comma cloud developments and
polar lows. They also show, for example,
Sahara dust storms, long-range transports of
Sahara dust clouds, mesoscale circulations,
like mountain and sea breezes, and intense
convective systems like thunderstorms, par-
ticularly the famous Munich Hailstorm of
July 1984. Special phenomena shown include
solitary and gravity waves, which can only
be identified and monitored, in most cases,
by specific motion manipulation. Other phe-
nomena concern sea ice motions and, finally,
oil soot plumes over the Near East.

Inhalt/ Contents QI
Stichworter/ Key words 02

Film WOLKENBEWEGUNG UND SCALES/ CLOUD MOTION
ANDSCALES von/by Christian Zick, Gunter Warnecke 03

Satellitenbildsequenzen/ Satellite image sequences:

18 NOV+ 19 NOV 1967 ATS-3 full disk scenes 04
15 MAY 1969 Florida sea breeze circulation 05
27 JUL - 04 AUG 1974 Sahara dust cloud crossing Atlantic 06
11 AUG- 14AUG 1974 N-Allantic comma cyclone 07
30 JUN 1976 USA, subsynoptic convective systems 08
20 MAR- 25MAH 1978 Dust, Africa. VIS/IR/WV comparison 09

31 MAY
27 SEP
27 FEB
04 SEP
20 JAN

26 APR 1978 N-Africa, convective systems 10
02 JUN 1979 VIS/IR/WV, Atlantic cyclone, E-Europe 11

1979 VIS/IR/WV single frame comparison 12
28 FEB 1982 Comma clouds, condensation trails 13
07 SEP 1982 IR/WV, Atlantic cyclone, cut-off 14

.. . 25JAN 1983 Atlantic cyclone, trailing waves, dust 15
24 MAR- 31 MAR 1983 NpAA-7. ice motion off Novaya Semlya 16
"" *'"* 1983 Karman vortex streets, relative motions 17

1983 Karman vortex streets, relative motions 18
1983 Karman vortex streets, convection 19
1983 Karman vortex streets, gravity waves 20

27 SEP- 02 OCT 1983 Mediterranean warm core cyclone 21
CSNOV- 10NOV 1983 Comma cyclone, Iberia wave clouds 22
23 JAN- 26 JAN 1984 North Atlantic cyclone, relative motions 23

05 AUG
06 AUG
22 AUG

,
25 FEB- 02 MAR 1984 Polar lows, cyclones over Europe
12MAY- 15MAY 1984 North Sea surface temperatures
12JUL
17SEP •

1984 The Munich hailstorm, relative motions 26
21 SEP 1984 IR/WV. general circulation, cyclones 27'* Vt-* f. i wwi IiJ(J-* I11/ IV V , UCl(CIClI UII l<Uldil _ _

27 MAR- 31 MAR 1985 VIS and IR, Sahara dust ' 28
30 SEP- OtOCT 1987 I.C.E.. dissolving front over North Sea 29
15 OCT- 17 OCT 1987 FRONTEX cyclone over Europe 30
12 NOV 1987 FFlONTEX cyclone over Europe 31

1988 NOAA-9. ice/cloud motion off Greenland 3213 MAY 10vu nw/wa, II;B/I*IUUU i liuiiuii un ' _ _
20 NOV- 21 NOV 1988 VIS/IR/WV, Egypt, Near East 33
07 APR- 09 APR 1989 Atlantic cyclone, dust, Baltic Sea 34
17OCT- 19OCT 1989 VIS/IR, I.C.E., condensation trails 35
OSNOV- 07 NOV 1989 Cyclones over Europe 36
09 NOV- 16 NOV 1989 Cyclones over Europe 37
OUUL- 30 SEP 1990 New Zealand and Tasman Sea winter 38
25 JAN- 12 MAR 1991 VIS/IR Near East, smoke plumes 39
Danksagungen und Information/ credits and information 40

Table 1: Contents of the interactive video-
disc "METEO DISC"

I M A G E S E Q U E N C E

Ji
IMAGE

PROCESSOR

J 1
D I S P L A Y

MEDIUM = INTERACTION/H ANIPULATION

Fig. 1: Present procedures of motion scene
display from satellite image sequences

Each chapter contains a quick—look map sur-
vey and additional relevant information such
as date, spectral channel, applied enhance-
ment functions, if applicable, and data sou-
rce. As mentioned before, videodiscs differ
from film and video tape, because discs can
be controlled, interactively. Display of
motion scenes from videodisc image sequences
can be manipulated, for example, with resp-
ect to length, time lapse ratio (speed),
still frame inclusions, repetition rate,
loop mode, etc. This manipulation occurs
simultaneously during display. It also al-
lows optimum adaptation of display to the
specific time scales of exhibited dynamic
phenomena and processes, or to individual
requirements of the observer. Some useful
basic manipulations can already be achieved
through standard remote control devices for
common videodisc players.

In addition, advisable PC linkage offers -
with obviously little extra hardware and the
specific METEO DISC software package "ZEAM

DISC" (TOUSSAINT 1992) - even more possibi-
lities for access, motion manipulation and
presentation. For the latter purpose, for
example, the sequence ard specific display
modes of a series of motion scenes selected
for presentation can be programmed comfor-
tably in advance. The PC further allows de-
veloping and introducing a scene-oriented
knowledge base, which can be structured for
dates, key words, literature, comnents.

*. I



supplementary (e.g. weather) data, etc. -
actually for any kind of "ASCII informa-
tion". This knowledge base can be altered
individually or expanded by every individual
user. Individual knowledge bases can easily
be exchanged and accumulated.

All these characteristics make the videodisc
a data carrier of extreme versatile applica-
bility, and an extraordinary tool for atmo-
spheric, oceanic and terrestrial observati-
on, research, education and training. HETEO
DISC provides easy access to a wealth of
satellite image data, for the very first
time. This disc supports the widespread use
of large amounts of satellite image data -
even in motion - at relatively little costs.
The possibilities of interactive control are
unprecedented. The system has a high poten-
tial in visualizing complex dynamic proces-
ses for visual image data and scene analy-
sis.

1385

1

Literature:

SUOHI, V., T. FUJITA, 1967: Film (9 Min.):
DETAILED VIEWS OF HESOSCALE CLOUD PATTERNS.
The Halter A. Bohan Comp., Park Ridge, 111.,
USA.
TOUSSAINT, B. C., 1992: Bildplatten und wis-
sensbasierte Système zur interaktiven Sze-
nenbeobachtung und -analyse. DISSERTATION,
Fachbereich Kommunikationswissenschaften,
Freie Universitât Berlin, 247p.
WARNECKE, G., C. ZICK, 1981: The Use of Ci-
nematographic Methods for the Presentation
of Atmospheric Motions as revealed by Remote
Sensing Techniques from Satellites. In:
A.P.Cracknell (Ed.): REMOTE SENSING IN ME-
TEOROLOGY, OCEANOGRAPHY AND HYDROLOGIE, pp.
452-473 Ellis Horwood Ltd.. Chichester.
WARNECKE, G., 1987: The Visualisation of the
Ceaseless Atmosphere. In: R.A. Vaughan
(Ed.): REMOTE SENSING APPLICATIONS IN METEO-
ROLOGY AND CLIMATOLOGY, pp.245-257, D.Reidel
Publ.Co., Dordrecht.
WARNECKE, G., 1991: Beobachtung von dynami-
schen Prozessen aus dem We'itraum in Zeitraf-
fung: Eine ueue Wahrnehmungsdimension.
In: Warnecke G., M. Huch, K. Germann
(Hrsg.t: TATORT ERDE - MENSCHLICHE EINGRIFFE
IN NATURRAUM UND KLIMA, pp.221-235, Sprin-
ger, Berlin Heidelberg.
ZEAM/FU, EUMETSAT, 1991: METEO DISC - Laser
Vision (PAL 625/50, CAV active play). Zen-
traleinrichtung fur Audiovisuelle Medien
(ZEAM), Freie Universitât Berlin.

v \



T

I

^«^ '

t



1387

INTER-COMPARISON OF SATELLITE DERIVED PASSIVE MICROWAVE ICE PRODUCTS

C. Garrity

Alfred Wegener Institute for Polar and Marine Research

ABSTRACT

A Line Scan Camera (LSC) developed at
the Alfred Wegener Institute for Polar
and Marine Research, Germany, has proven
to be a valuable tool for validating
passive microwave sea ice algorithms
using brightness temperatures from the
Special Sensor Microwave Imager (SSH/I).
A quantitative comparison using 28 LSC
flights and derived total ice
concentrations for areas across the
Weddell Sea showed an under-estimation
by three different algorithms. The
under-estimations varied depending on
the algorithm used from 3±7% (AES/ISTS),
followed by 8±5% (Comiso) and 17±7%
(NASA).

Keywords: LSC, total sea ice, SSM/I,
slush

1. INTRODUCTION

Numerous sea ice concentrations and ice
type fractions are being developed using
passive satellite data (Réf. 1, 2, 3).
The method used for validating an
algorithm will affect the results. For
example, ice observations made from the
bridge of a ship, would at best,
estimate the sea ice concentration for
an area of 2.4% as compared to the grid
point coverage of 625 km2 of the Special
Sensor Microwave Imager (SSM/I). To make
things worse, a ship will take the
easiest route through the ice, thus the
observed ice concentration, particularly
for concentrations of less than 70%,
would be biased. In practice, high-
resolution imagery is often used as the
comparative data set (Réf. 1, 2, 3).
Often the total sea ice concentration or
ice fraction is determined from a visual
analysis of the imagery. Thus, the
accuracy of the data used for validating
microwave sea ice parameters can vary
significantly depending on the
experience of a person. A well
experienced person can estimate ice
concentration to an accuracy of ±10%
(Asmus, personal communication). The

data being obtained from ERS-I is adding
a wealth of information to the sea ice
community, but algorithms based on the
SAR data also need a high quality
validation tool.
A very promising validation method is
based on a Line Scan Camera (LSC) system
developed at the Alfred Wegener
Institute, Germany, for quantitative
measurements of total sea ice
concentration, sea ice fraction and floe
size distribution from either an
airplane or helicopter (Réf. 4, 5).

2. LINE SCAN CAMERA

The LSC provides a high-resolution
digital image. Each pixel is an eight-
bit value corresponding to an intensity
in the visible range (400-900 nm). The
camera has a nadir view with a scan
angle of 56° perpendicular to the flight
line. It takes 30 ms to record each scan
line made up of 1024 pixels providing a
ground coverage of about equal to the
height of the aircraft. For example, for
an aircraft at an altitude of 1000 m,
ground coverage of 1064 m, and speed of
70 m/s, the camera is able to resolve a
2 m2 ice floe (Réf. 6).
The flight pattern of the helicopter
used in this analysis consisted of two
concentric square tracks, 10x10 nm
(18.5x18.5 km) and a 5x5 nm (9.2x9.2
km). Flights were made about 2-6 hours
after the DMSP satellite overpass which
is considered as a successful event to
be used for validation, as long as the
sea ice is not affected by a strong
current or wind (Réf. 7).
Different sea ice types using the LSC
can be quantified for a given area:
grey-white, grey, light and dark nilas,
as well as grease ice (Réf. 6). Melt-
puddles and ridges can also be
identified on an image (Réf. 8).

3. COMPARISON WITH PASSIVE MICROWAVE
ALGORITHMS

During the 1989 Spring, a transect by
the RV "Polarstern" across the Weddell
Sea from west to east provided a

ProceeO'ngs of the Central Symposium of the 'Internationa/ Space Year Conference. Held in Munich. Germany. 30 March-4 April 1992
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platform for 28 helicopter-based LSC
flights to quantify the variability of
total ice concentration and ice types
(Fig. 1).
Three established algorithms are used
for this study: Atmospheric Environment
Service at the Institute for Space and
Terrestrial Science (AES/1STS) (Réf. 7),
National Aeronautic and Space
Administration (NASA) and Comiso (Réf.
2). The AES/ISTS algorithm uses a linear
combination of different brightness
temperatures to derive the ice
concentrations plus filters for
atmospheric, océanographie and low
concentration effects which are not used
by the other two algorithms. This
algorithm is used operationally by AES
in the Arctic and in support of research
in Antarctic waters. The NASA algorithm
makes use of two radiance ratios as
independent variables (polarization and
spectral ratio), and is a non-linear
algorithm. The NASA Goddard Space Flight
Center (or Comiso) bootstrap algorithm
derives ice concentration utilizing the
distribution of brightness temperature
clusters in a scatter plot.

3.1 Total Sea Ice Concentration

Figure 2 shows the difference between
total ice concentration determined from
the LSC and that derived from each of
the three algorithms. For the Antarctic,
the NASA algorithm under-estimated the
total ice concentration. The Comiso
algorithm also under-estimated, however
there were six out of 15 days that were
within ±2% error. The AES/ISTS algorithm
compares well to the LSC data. The ice
edge data was not included which is also
a problem area due to the resolution of
SSM/1 and the movement of ice, wind
roughening of the ocean and atmospheric
effects. The later two effects can
result in spurious sea ice

concentrations over ice-free areas.
Generally, under-estimation within the
ice pack also occurs for the Arctic even
during the winter months (Réf. 1, 2, 3).
The averaged differences (5 samples)
between the LSC determined total ice
concentration and that derived from each
of the three algorithms are: 3+7%
(AES/ISTS), 17±7% (NASA) and 8+5%
(Comiso). Due to software changes to the
AES/ISTS algorithm at the time of
writing this paper, ice concentrations
were not derived for all the days
possible for this data set. However, ice
concentrations were calculated for 20
events using the NASA and Comiso
algorithms. The under-estimation was
4±6% and 12±9% using the Comiso and NASA
algorithms, respectively. These results
are consistent with previous validation
campaigns in the Arctic (Réf. 1, 2, 3).

3.2 Slush at the Snow-Ice Interface
3.2.1 Surface measurements. It is well
established that a snow cover will
influence the brightness temperature
from sea ice (Réf. 9, 10, 11).
Measurements of the electrical and
physical properties of the snow cover
were made near the ship approximately at
the time of the LSC flights. The LSC and
SSM/I derived total ice concentrations
had poor agreement in the western
Weddell Sea (Julian days 257 and 259)
where slush was often present at the
snow-ice interface. These areas of slush
had snow depths near 1 m, causing a
negative freeboard due to loading by the
snow cover. The varying amounts of
volume scattering by the thick snow
cover plus absorbtion losses by the
slush caused a low brightness
temperature and the AES/ISTS algorithm
classified the slush areas as old ice
(Réf. 12). Most of the old ice in the
western Weddell Sea had slush present
and even some first year ice floes near

Fig. 1. Location of Line Scan Camera flights across the Weddell
Sea, 1989.
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Fig. 2. Comparison of total sea ice concentration determined from
the Line Scan Camera and three algorithms: AES/ISTS, NASA, and
Comiso.

the eastern ice edge showed an old ice
signature, again due to the slush. This
has been seen before in the Labrador
Sea, 1984 where surface measurements
were compared to ice products using SHMR
data (Réf. 13).
Based on this fact, the AES/ISTS
algorithm showed an average of 7±12%
slush for the study areas along the
ships track (Figure 1). From this
approach, it appears as though slush can
be mapped using the algorithm. Happing
of slush is useful information for
biological reproduction in the Weddell
Sea (Ackley, personal communication).

3.3 Thin Ice

Derived thin ice, that is ice less than
10 cm thick, is unique to the AES/ISTS
algorithm. As far as the author knows,
to date the thin ice algorithm has not
been validated, thus this data set
provides a good start. Figure 3 shows
the thin ice distribution for areas
along the ship track (corresponding to
the LSC flights indicated in Fig. 1,
except the first 2 and last 2) as well
as the under and over-estimation by the
algorithm, excluding the ice edge, of
0% and 20%, respectively. At the
present, a reason for the differences
cannot be explained, and in future one
should take care in measuring brightness

temperatures from thin ice using ship-
based radiometers with similar
frequencies as the satellite sensors.

6.0 FUTURE

6.1 Passive Hicrowave Satellite Images

A comparison of AVHRR Danish ice charts
to SSM/I ice maps derived using the
AES/ISTS algorithm, showed an under-
estimation in total ice concentration by
the algorithm for the Greenland Sea
(Ramseier, personal communication,
1992). Based on 5 different comparisons,
the under-estimation was by 27% and
compares to the estimated melt-puddle
concentration in the Arctic Ocean (30%)
during the sane time period (Réf. 14).
Using the LSC, melt-puddle concentration
could be quantified and possibly a
correction made to present day
algorithms for deriving total ice
concentration during summer in the
Arctic.

6.2 ERS-I Images

Since the LSC can determine the
concentration of young ic* types, it
would b* interesting to compare the**
ice types to ERS-I data. Concentration
of leads and possibly ridges could also
be compared. This would particularly b«
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Fig. 3. Comparison of thin sea ice concentrations (less than 10
cm thick) determined by the Line Scan Camera and the AES/ISTS
algorithm.

useful for ship routing.
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THE ODEN REAL TIME ICE MONITORING DEMONSTRATION
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ABSTRACT
Oden is a Swedish icebreaker which was used for an inter-
national Arctic ocean expedition to the North Pole area during
August - October 1991. The expedition was supported by a
large number of different types of satellite information. Among
these the most unique was the ERS-I synthetic aperture radar
(SAR). However the satellites most used onboard Oden for
operational applications were NOAA and Ocean-3, which could
be received directly onboard in real time. This paper répons on
the experience from monitoring of the ice conditions during the
Arciic-91 expedition with main emphasis on the transfer of
ERS-I SAR image information to the Swedish icebreaker Oden.
Four sub images and four contour maps were transferred in near
real time using HF equipment. The main conclusion is that
ERS-I images can play an important role in the future to
support ship navigation, field experiments etc. in the Arctic
areas. It is however clear that improved communication systems
covering the polar regions are required.
Keywords: Navigation, Arctic Basin, ERS-I, sea ice.

1. ODEN-91 AND AIMS OF THE REAL TIME
TRANSFER PROGRAM
Oden-91 with the Swedish icebreaker Oden was first planned as
an independent expedition for scientific studies in the Arctic
Ocean. Due to the strong international interest for an expedition
of this type it grew to include the German research vessel
Polarstern and the US Coast Guard icebreaker Polar Star under
the name of the International Arctic Ocean Expedition 1991
(Arctic-91). On 7 September 1991 Oden and Polarstern were the
first conventional surface vessels to reach the North Pole.

Information in real and near real time is of great importance for
ship navigation in the Arctic. Since long the NOAA-satellites
have been used for this purpose but extensive and frequent
cloud cover and fog limits the applications. ERS-I SAR images
or information based on such images in near real time would be
very useful, due to the independence of clouds, fog, and day-
light. However, the problems to transmit SAR images to the
high Arctic area without a satellite communication system are
enormous. For the operational program onboard Oden equip-
ment for real time reception of NOAA HRPT and Ocean-3 real
aperture radar (RAR) images was the basis for remote sensing
information.

Onboard Oden four scientific programs were ongoing. The aim
of the remote sensing and sea ice program was validation of the
possibilities of the ERS-I synthetic aperture radar (SAR) and
radar altimeter to identify various ice properties of climatologi-

cal interest and for ship navigation. In order to select field sta-
tions information in near real time from the ERS-I SAR images
would be highly valuable.

2. REALTIMERECEPTIONOFNOAAAVHRRDATA
AVHRR data were received onboard Oden in real time and
directly from the NOAA satellites. A BURL HRPT station con-
sisting of a horn antenna, a receiver, an IBM compatible 386 PC
with IS Mb of extended memory and a 15" monitor was used.
The antenna was mounted on a tripod on the port side of the
bridge roof. The mounting included two rotors for controlling
the azimuth and elevation angles. The rotors were operated
manually from controls placed on the bridge next to the receiv-
ing station. As the hom antenna has an opening of 20* it was
fairly easy to follow the satellite when the ships heading was
held fairly constant during reception.

The station was capable of receiving images of the size 1S36 by
1024 pixels (1689 x 1126 km) with full radiometric resolution
and with all five channels. A geographical grid could be calcu-
lated and overlaid the images together with land contours. The
overlay could be adjusted to visible land points in the image.
This facilitated greatly the usefulness of the AVHRR images for
navigational purposes.

The AVHRR images received with the HRPT station proved to
be the best and most useful source of ice information for op-
erational use. The major drawback was the frequent heavy cloud
cover and the fog particularly during August. The images were
at several occasions also used to find suitable ground truth spots
within the SAR coverage before the ERS-I passage.

3. REAL TIME RECEPTION OF OCEAN-3 RAR IMAGES
A MacSatll APT station consisting of an omnidirectional an-
tenna, a receiver and a Macintosh Hfx computer with a 19" dis-
play, was used onboard Oden. This station was capable of re-
ceiving APT data from the NOAA and the Kosmos Meteor and
Okean satellites. The station could also have been used to re-
ceive aircraft SAR or RAR sea ice images from Soviet aircraft
should this have been required. The most important use of the
MacSat station was the reception of RAR images from the
Soviet satellite Okean-3. This was the first occasion such images
had been received in real time on a non-Soviet ship.

P'oceeo/"gs o* :^e Cereal Symposium of the International Space Yea' Conference Held in Munich Germany. 30 March-4 April 1992
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The Okean RAR cannot be continuously operated due to the
high power consumption and has to be activated by command
from a Russian control station. Exact times for switch-on were
arranged by telex with RPA PLANETA in Moscow. Requests
for the RAR activation's had officially to be sent to 7 days ahead
of passage and this created some problems as the route of Oden
depended on the ice situation ahead and the demands of the
scientific programmes. At the end it turned out that requests 4
days ahead could be effectuated. The satellite was activated at
16 occasions during the period 12 August - 29 September. The
RAR had a swath width of 480 km and a typical swath length of
some 2000 km. e.g. from northern Greenland to past Sevemaya
Semlya. The swath did not cover the area all the way up to the
North Pole. Figure 1 illustrates an Ocean RAR image.

The wet surface conditions during the early phase of the expe-
dition caused large difficulties in the interpretation of the RAR
images, but from the end of August when the melt ponds started
freezing and the snow got dryer the Okean images gave a quite
good picture of the large scale ice concentration. Also water
openings and larger flows could be identified. Ice edges were in
particular clearly defined. The RAR images received on board is
judged to have a resolution of 5-6 km due to a shortcoming in
an early version of the software of the MacSat receiver. The
official resolution is reported to be 1 - 3 km.

4. OTHERINFORMATION
Ice concentration charts were transmitted by weather facsimile
from the German station Pinneberg. The charts were based on
passive microwave information from the SSM/I sensor on the
US DMSP satellite. Due to frequent bad receiving conditions
these charts were in many ways difficult to interpret and there-
fore of limited use. Also Norwegian ice charts covering the area
in the vicinity of Svalbard were received by weather facsimile.

5. RECEPTION OF ERS-I IMAGES DURING THE

COMMISSIONING PHASE FOR THE ODEN-EX-
PEDITION

5.1. ERS-I
The European Remote Sensing satellite, ERS-I, was launched
on 17 July 1991. On 27 July the SAR was switched on. The
major aspect of the SAR as well as other microwave sensors is
its ability to image the earth surface independent of clouds and
daylight, important factors for surveying the Arctic area. The
commissioning phase, when the main concern was the testing of
the satellite properties, lasted to the end of 1991 and it was
during this time the Arctic-91 expedition took place. The syn-
thetic aperture radar which has a resolution of 25 m was work-
ing better than the base specifications from the beginning and
can produce high quality images during approx. 15 minutes of
each 100 minutes orbit producing images over areas of 100x100
km in 15 s. A large number of scenes were acquired during the
expedition. Most of these have, however, not been processed so
far.

5.2. Northbound
On August 16 Oden left Svalbard going north and was within
the coverage of ERS-I up to latitude 84.6* until 23 August. At
this time Oden-RESSI was one of very few projects supported
by ESA and direct contact with the group at ESTEC/ESOC
responsible for the commissioning phase was established.
As the ice conditions were unknown little information could be
obtained from the ship concerning the route. Instead the ERS-I
coverage had to be based on rough estimates of the cruising

speed of Oden from previous tests in this area, which turned out
to be good estimates. On 14 August scenes for 17, 18, 19, and
20 August were requested. On 16 August a test transmission
over Internet of 100 m resolution images took place between
ESTEC and Chalmers followed by transmission of the acquired
images. The following days the images over the areas of interest
were obtained over Internet in one case as soon as five hours
after acquisition.

5.3. Southbound
On 7 September Oden arrived at the North Pole and arrived
south of latitude 84.6* on 21 September. At this period the
responsibility for contacts with the users had been taken over by
ESRIN. Probably the number of users had increased. Acqui-
sition orders were intended to be submitted three weeks in ad-
vance. It was impossible to plan the route of Oden with such
time advance. However, rather than specifying the exact scene
to be covered at a specific data, a possibility was given to have
the SAR switched on for a relatively large number of scenes as
long as there were no conflicts with other requests.

The request for daily acquisition for the period 20 September - 2
October was not possible until 9 September due to the uncertain
ice conditions and the area covered regularly is illustrated in
Figure 2. Of the scenes acquired we have later specified the
scenes covering the field experiments. Fast delivery scenes,
however, were necessary for near real time support, and
although some problems occurred in this case with the ordering
due to the late submission of route information some FD-scenes
were obtained.

6. TRANSMISSION OF ERS-I IMAGES TO ODEN IN
NEARREALTIME

6.1. The processing of SAR images
The synthetic aperture radar produce a very high data rate and
the information can only be processed when contact is estab-
lished with a ground station. A number of ground stations with
the capability to process ERS-I SAR images are available
around the globe. Of these ESA operates one in Kiruna and one
in Fuccino.

In Figure 3 is illustrated the transmission of the SAR-informa-
tion from the satellite to Kiruna receiving station at a rate of 105
Mb/s. In the ground station three SAR images can be processed
per 100 minute orbit and transmitted by communication satellite
to ESTEC or to the national ERS-I stations. At the time of the
Oden expedition the national stations were not operational and
the information was transferred to ESTEC, further processed
and sent over computer network to Chalmers, again processed
and sent by short wave communication to Oden or by fax to
Tingsta'de and then by short wave to Oden. The short wave com-
munication was at a rate of < 2 bytes/s. This is illustrating the
complexity as well as the reduction of transmission rate between
an advanced communication system (ERS-I link to receiving
station) and an old communication system (short wave).

The SAR FD images covering 100x100 km comprises of 64
Mb, which results in large demands on the computer system.
Spatially averaged images can be used to deal with the transfer
problem, and in our case images with a pixel distance of 100 m
and with 8-bit pixels were partly used and as such images com-
prises of only 1 Mb can easily be received over Internet. The
images were analysed OD a workstation and sent as compressed
files and fax to Oden. The configuration of the workstation is
illustrated in Figure 4.
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Compressed digital files over short wave. The standard JPEG-
routine was used to compress sections of ERS-I SAR images
for transmission over HF. Preliminary tests had shown that a
compression factor of about eight was acceptable. However the
very bad communication situation due to the unusually high sun
spot disturbances forced us to use a compression as high as
twelve, see Table 1, with some image distortion as a conse-
quence.

The SAR image information is available in the tone as well as
the texture. For the texture we can use a simple measure of the
standard deviation of the pixel values within 5x5 pixels. An
illustration of the compression ratio relative to the relative
change in the compressed uncompressed image is given in
Figure 5, illustrating that with a 15% error a compression ratio
of 6 to 9 is possible.

The main reason for transmitting an image file is the flexibility
in image processing equipment to display the image and to ana-
lyse it. Image compression technique also yields an effective
way of transferring the information.

6.2. Communication with Qden.
Even with various compression schemes the transfer of images
to Oden would need a high data rate. A possibility for satellite
communication would be very positive, but was not available.
INMARSAT has no coverage above latitude 80'N. Instead
transmission of image segments over short wave was tested over
the amateur channels with permissions from the Swedish Tele-
communication Authority. For further details on this transmis-
sion see Réf. 1.

Short wave communication The disturbed ionosphere and the
crowded amateur bands resulted in a maximum throughput of
about 2 bytes per second. Typically, a 225 x 225 image was
transferred in about four hours by using the JPEG image com-
pression algorithm compressing the image a factor 12. During
the cruise, the four ERS-I images listed in Table 1 were trans-
ferred to Oden. The dates of the satellite recording and trans-
mission to Oden are listed together with the centre co-ordinates
of the image, the size in pixels and in kilobytes after compres-
sion.

According to comments from the group onboard Oden, the files
were of good help for planning of the field measurements (Réf.
2) as it was possible to identify large ice floes with homo-
geneous conditions suitable for ice property investigations. It
was also possible to check the possible disturbance on the radar
calibrators from the ship.

Contour maps over short wave. An analogue fax transmission
over short wave from the Tingstàde radio-station with a high
power transmitter was used for weather facsimile transmission
to Oden and could also be used to transmit information derived
from SAR images. From the 100 m file transferred from ESTEC
over Internet a print out was made and a contour map over the
most important features was drawn. Information on corner co-
ordinates was added and sometimes the expected route, see
Figure 6. This was then transmitted as a normal fax to the
Tingstade-station, which at regular times transmitted the
information together with weather information from SMHI. The
information transferred was of importance for the ship
navigation on the northern route, where some large ice floes
could be avoided using the information.

Test of telefax transmission over the Nordic Mobile Telephone
system. NMT. A direct transfer ^f the 100 m ERS-I SAR file to
the fax format can be used as long as a regular fax transmission
can be established either over the NMT-system or over
INMARSAT. This method was tested when Oden returned and
was within reach of the NMT-system. The method is presently
used for the BEERS-92 experiment in the Baltic as a comple-
ment to information based on transfer of FD-scenes to the
national ERS-I receiving station at SMHI.

A fax modem for a PC was used together with a conversion
program to transfer from the image format available on the
workstation to the fax-format. The time of an image transfer is 4
- 8 minutes over NMT. The size of the fax-file is about a factor
three less than the original file. A compression factor of twice
that is quite acceptable with JPEG, which illustrates the advan-
tage of using an image file transfer system. An example is
illustrated in Figure 7 of a fax file with a size of 259 kb con-
vened from the original 720 kb file. With JPEG compression a
file size of 120 kb can be created. As the image used during the
Arctic-91 expedition was a SAR-image over Gôteborg, we have
instead chosen to illustrate in Figure 6 an image over ice in the
Baltic. The river outlet at Luleâ is seen on the middle left hand
side.

7. CONCLUSIONS
The Oden expedition included the first Arctic sea ice satellite
SAR validation program ever with HF transfer of SAR image
sections in near real time as well as the first real time reception
of Ocean-3 RAR images on a routine basis by a non-Soviet ship.
Probably no ship before Oden has been supported by as much
space related information .rom European, Soviet, and US.
satellites.

In practise the real time reception of NOAA data were the most
valuable but the ERS-I SAR data are that with highest potential.
In spite of the very early time of the Oden expedition relative
the swath on of the SAR, the possibilities of a near real time
transfer system for SAR data for scientific as well as operational
purposes could be proven and much valuable information for
further development of systems for transfer of SAR images to
ice breakers and scientific expeditions could be obtained.

Image transfer using compressed SAR images was judged to be
the best way to transmit the information in near real time, but
fax-transmission is also an interesting possibility as standardised
equipment can be used. High power short-wave communication
stations with file transfer possibility are important as long as no
polar communication satellite is available.

In order to use ERS-I SAR images in Arctic areas it is
extremely important with direct links to the order desk and a
very short time between the order and acquisition. One solution
is to ask for acquisition over relatively extensive areas and to
specify the coverage of fast delivery scenes at a late moment. It
may be necessary to have a possibility to acquire "fast delivery"-
processing as short as a few days or even one day ahead of the
acquisition. Such demands are certainly putting a severe strain
on the present system. The original goal of fast delivery of SAR
images within three hours is very important for any real time
application, including sea routing but also for example disaster
monitoring like oil spill.

There is a need for a telecommunication system for the Arctic
area north of 75* N. A real time reception of low resolution
SAR images (e.g. 100 m resolution images, possibly com-
pressed) onboard ships in the Arctic would also be an !..cresting
possibility for the future.
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Table 1 ERS-I SAR images transferred to Oden.

Filename Recorded
Date

ROIC
ODEN
SSNW
SSSE

91-08-17
91-08-20
91-09-20
91-09-20

Lat.

840OO' N
83'35' N
83'56' N
83'40' N

Long. •> Transmitted Size
Date pixels

34* E
27' E
Ol 'W
00* W

91-08-23
91-09-19
91-09-21
91-09-22

264x209
100x100
225x100
225x225

Size Compr.
kbytes

9.3
2.0
2.1
4.3

6
5
11
12

1

Figure 1. Okean RAR image from 2*'- September 1991 from
north of SvalbarJ illustrating the ice edge, aieas with lower ice
concentrations to the right.

Figure 2. ERS-I coverage for 20 September - 4 October, for
each day of the 3-day cycle, and the Cd'.n route.

*. V
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M ' «/Oden RESSI
\ \ ' L Remote sensing site # 1

L " 17-2OAUgUSt, 1991

Delivery times
Processing 3 h
Waiting > 2 h
Satellite link 1 h
100 m image 1 h
General delays 12 h
CUT analyses 2 h
Faxtransm. >3h

24 h

Future < 18 h
Possible s 6 h

,., Ice drift = 0.3 km/h
Deformation zones

Figure 3. Illustration of information transfer from ERS-I to
Oden.

Sun Sparcstanon 2/GX

CD-rom

Disk

Exabyte

PC-486

I I faxmodem

Ethernet

Internet

Figure 4. Illustrating computer equipment for ERS-I SAR
image handling

Image
tone

JPEG

JPEG'J

I3L
Image
tone

v Image
7"[8IdSxS

Figure 6. The contour map transmitted on August 22. The 100
m image from August 20 image obtained over Internet is used
and the planned route is included with and without the estimated
ice drift based on the SAR-image from 17 August.

ERS-I-R © ESA 1992
Figure 7. Example of fax transmitted to the icebreaker Tor
during the BEERS-92 experiment. ERS-I SAR image from
February 20 of the northernmost pan of the Gulf of Bothnia.

Figure 5. Illustration of evaluation of JPEG-compression of ERS-I SAR image.
a) illustrates the evaluation method b) illustrates the result: tone std. dev. 5x5
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DEVELOPMENT OF DATA SETS FOR THE 1ST SEA SURFACE TEMPERATURE
- MOS-1/MOS-lb Data Sets -

Korehiro Maeda and Hironori Maejima

Earth Observation Center, National Space Development Agency
of Japan (NASDA)

ABSTRACT

Earth environment is getting worse and global
warming is one of the most important items. Both sea
surface temperature and polar ice extent are
monitoring items of the global warming. As a part of
ISY activity, NASDA is contributing to sea surface
temperature and polar ice extent. NASDA has
developed various data sets using MOS-1/MOS-lb,
truth data and other satellite data. In this paper,
some examples of data sets for sea surface
temperature are presented.

polar ice extent (PIE) and is developing various
data sets using satellite data. NASDA has organized
two domestic committes for the two projects since
1990. NASDA also has participated in the
international workshop concerning these projects.

3.SEA SURFACE TEMPERATURE DATA SET

SST is one of the most important parameter
indicating global warming. In order to monitor SST,
it is necessary to develop SST data set using
satellite data. Comparison of MOS-l/lb VTIR1NOAA
AVHRR and ERS-I ATSR is shown in Table 1.

Keywords: SST, MOS-I. MOS-Ib, VTIR, MSR, AVHRR, ATSR 3.1 VTIR SST Data Set

1.INTRODUCTION

The whole environment of the earth is getting worse
due to human activity. The increase of C02,
deforestation, expansion of desert, gradual decrease
of sea ice cover and others will cause, the global
warming. Cloud distribution, aerozol in the
atmosphere, absorption of C02 by the ocean and
others will delay the global warming. So, it is
necessary to monitor global climate change in
various points of view. For that, it is necessary to
observe the whole earth from the space by using
satellite. Concerning the global warming, sea
surface temperature and polar ice extent are good
indications. As a part of ISY activity, NASDA is
contributing to sea surface temperature and polar
ice extent. In this paper, various data sets are
presented, perticularly concerning sea surface
temperature.

2. ISY ACTIVITY

This year 1992 is an International Space Year (ISY)
commemorating 500th years of the discovery of the
New World, America continent, by Christopher
Columbus and SAFISY(Space Agency Forum on ISY) was
established in 1988 in order to coordinate the ISY
activities among the space agencies in the world.
The main theme of SAFISY is "Mission to Planet
Earth'.Under the SAFISY, there are three panels of
experts: Earth Science and Technology(ESfcT),
Education and Application(ESA) and Space Science.
Among ESST projects, NASDA is responsible for the
two projectsiglobal sea surface temperature(SST) and

NASDA developed MOS-l/lb VTIR data set. In order to
eliminate cloud, about one week data are used and
averaged 3x3 pixels with largest radiation value are
selected. By using split window, atmospheric
correction is made. Fig.l shows data processing flow
of these data set. Example of these data set are
shown in Fig.2. The largest warm current in the
world "Kuroshio" is flowing from south west to north
east in the Pacific Ocean side of Japan. It is found
from Fig.2 (a) that SST distribution will change
when season changes. In winter and spring, averaged
SST around Japan is small and the difference of SST
is large. On the other hand, in summer and fall,
averaged SST is large and the difference of SST is
small. Moreover, Fig,2 (b) shows that central flow
of Kuroshio is meandering and departing to south
east around the most southern point of Kii
peninsula during 1990 and there is no meandering of
Kuroshio current during 1991 and 1992. The cause of
meandering is not well known. So, it is necessary to
gather and analyze various data set concerning
Kuroshio Current.

3.2 SST Evaluation Data Set

In order to evaluate SST extraction accuracy, it is
necessary to compare between extracted SST data from
various satellite infra-red data and others and
truth data for as much data as possible during long
period. Concerning truth data, very stable and
precise value should be obtained. In the ocean
around Japan, there are 4 moored buoys owned by
Meteorological Agency and 6 buoys in Mutsu Bay owned
by the Fish Farming Center of Aomori Prefecture
Government as shown in Fig.3. Measured data by these
buoys includes water temperature 1 m below the sea
surface level. When the sun shines brightly and wind
is weak, there is difference of water temperature
between sea surface and 1 m below the sea surface.

Proceedings of the Central Symposium of the 'International Space Year' Conference. Held in Munich. Germany. 30 March-4 April 1992
(ESA SP-341. July 1992)
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Table 1 Comparison of MOS-I/Ib VTIR,HOAA AVHRR and
ERS-I ATSR

Wavelength Band!
(microns) Band2

Band3
Band4
Band5

IFOVIkm)
(Resolution)

Swaihwidth fkm]

VTIR

0.5 - 0.7
6.0-7.0
10.5-11.5
1 1.5-12.5

0.9 (Band I)
2.7 (Band2-4)

1500

AVHRR

0.58 -0.68

0.735-1.10
3.55 -3.93

10.3 -11.3

11.5 -12.5

I.I

2700

ATSR

1.58-1.64
3.55-3.93
10.4-11.3
11.5-12.5

IxI (nadir)
1. 5x2 (forward view)

500

1

This is so-called "skin effect".Therefore, a new
moored buoy which can measure sea surface
temperature has been developed as a part of joint
research between NASDA and Iwate University.

In order to be used to evaluate various SST
algorithms and to develop new SST algorithm by
combined use of multi-sensor data, NASDA developed
multi-sensor data set around afore-mentioned moored
buoys. This data processing flow is shown in Fig.A.
Overlay of MOS-I VTIR, MSR1MESSR is shown in Fig.5.
It was found from Table 2. that combination between
MOS-I VTIR IR data and MSR data provide higher SST
estimation accuracy than single VTIR IR data.
Moreover, it was found that addition of MSR CHl/2
(23 GHz) data is contributing to higher estimation
accuracy than addition of CH3/4(31GHz) data. This is
one of good examples showing utility based upon
combination of optical sensor data and microwave
sensor data.

3.3 VTIR/AVHRR SST DATA SET

In case of VTIR SST data set, about one week data
are used. In these data sets, it is possible to
monitor macroscopic change of SST. If we use
VTIR/AVHRR SST data set, daily change of SST can be
monitored under cloud free condition. By using these
VTIR/AVHRR SST Data Set, it was found from Fig.6
that eddy is borne and growing from small one to
large one in May,1991.

Moreover, for ocean phenomena with small change,
combined VTIR/AVHRR data can provide cloud
eliminated data.

t,. OCEAN EXPERIMENT

As a part of ISY ocean experiment, NASDA conducted
airborne ocean experiment on Oct.13, 1991 in
Kuroshio area (Sourthern area of Shikoku of Japan)
and MOS-l/lb VTIR data, NOAA AVHRR data, ERS-I ATSR
data and truth data ( airborne MSS, XBT, CTD,
infrared radiometer, thermometer, etc.) NASDA is
planning to conduct the second ocean experiment
coming May, 1992 in Kuroshio region (Kumanonada).

5. CONCLUSION

NASDA developed various SST data set in
collaboration with joint research organizations and
member of ISY committee on SST. NASDA will prepare
for Asia-Pacific ISY Conference and present various
earth environment data set and these results will be
reflected upon future earth observation program such

as ADEOS,ADEOS-II.
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(b)Yearly change of SST

Fig.7. Seasonal and yearly change of sea surface temperature.



r
1402

5ON

12OE 130 140 150

Fig.3 Moored buoys in the ocean around Japan.

UOS-l/niR Data MOS-1/M5R Data HOS-l/HESS» DaU

O O
Calculation of Buoy Location

in !ia|t Coordinate Using

Tick Mark Information

Calculation of Buoy Location

in liafe Coordinate Usine

Tick Mark Information

Checkini of Location Error

Using Ground Control Point

Sub-itaje Generation tith

Correction of Location Error

I Input of IThoIe UESSR Scene

!•age Resampling Usine Tick

Mark Infornation and Over-

laying onto VTIR l»aie

Generation of Sub-iiage

Calculaliopn of Sat.Zenith A.

Sun Elevation and Aïiiuth

Checking of Resistration

Error belteen MESSS and VTIt

Data Selection by Uage

Screening

Generation of AuiilUry Data

_L_c
I ÏT IS Data set I

M o d i f i c a t i o n of A u x i l i a r y

Data

( M S B Dm set j
J_

I M E S S H Dm Set |

Data Saving to Magnetic Tape

O MOS-I Data Set

Fig.4 Data processing flow of multi-sensor data set.

4.KSSR (RESWLED) (2 U 21 )

Fig.5 Overlay of MOS-I VTIR,MSR,MESSR.



Table 2 Comparison of SST Extraction Accuracy
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E q u a u o n s f o r S S T E s t i i a a t i o n

a . R e g r e s s i o n u s i n g T3/T« o n l y

b. R e g r e s s i o n u s i n g Î3/T* & W T i

c. R e g r e s s i o n u s i n g Tti/T. I M T z

d. R e g r e s s i o n u s i n g T3/T* î- MT?

e. R é g r e s s i o n u s i n g T3/T< ï MT.

E r r o r C C )

(SO)

1 . 2 0 3

D. J l O

O. 800

0 . 8 4 6

0.154

Coef f i c i e n ts

a i

1. 1326

O . 9 2 B 4

O. 9 2 4 6

O. 9611

O. 9 6 9 2

a 2

I. 0 9 7 0

D . 6 t Z 8 O .

O. 7357 O.

1 . 0 4 9 7 O.

1 .0492 O.

a a

1090

1074

2237

2212

» t

-2 .5735

13 .6365

1 3 . 4 3 5 4

28. 5179

29 .0557

i T o t a l nuober of d a t a used is 13. T3:VTIR Band 3
, , T4:VTIR Band 4

*« E r r o r is r e p r e s e n t e d by s t a n d a r d dev , a t , o n (SD) for a~e. MT1.MSR Band 1 (23GHz Integration time 10msec)
MT2:MSR Band 2 (23GHz Integration time 47msec)
MT3-.MSR Band 3 (31GHz Integration time 10msec)
MT4îMSR Band 4 (31GHz Integration time 47msec)

NOAA-Ii/flUHRR 91x5/17 13:15

MOe-1/UTlR 91/5/18 10:50NOft«-ll/ftUHRR 91/5/18 3:30

t

NOflfl-ll/fWHRR 91/5/19 3:10

ISY UTIR/AUHRR MERGED SST DATA SET SB-SSN 132-142E 91x5/1? - 5/19

PROCESSED BV NftSW/RESTEC/JWfl

• 1

I

Fig.6 Daily change of SST of eddy of warn current "Kuroahio"
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ISY SEA SURFACE TEMPERATURE VALIDATION TEST PROGRAM IN MUTSU BAY
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ABSTRACT

An accuracy validation test project for the sea

surface temperature (SST (estimation by satellite

tin I» is undertakinc in Mutsu hay. The sea and air

t r u t h data are provided by the four observation

systems operated by independent organizations,

i. c.. ( l )Mutsu Bay automatic buoy system (MBABS),

(^(Automnticmeteoroloeical data acquisition system

(AMcPAS) , (3)Sca surface temperature profiler buoy

(SSTCB). (4)Kadio sonde observation system (RSOS).

The satt-llite SST is combined with the sea truth

SST by MBABS to form match-ups for the validation

test. Their temporal and spatial coincidences are

r.iiariinteed Io be within 30 minutes and one pixel

resolution. respectively. The data of AMeDAS.

SSTPB and RSOS can be effectively referred in the

i-rror analysis of the SST estimation. The data of

MOS 1/VTIR. NOAA/AVHRR and ATSR/ERS-1 are the

primary object for validation.

Keywords. Satellite remote sensing. Sea surface

temperature. Validation test. Sea

surface effect. Mutsu bay.

1. Introduction

Ry using MBABS data in Mutsu bay, the authors

have been engaged in the validation test for the

satellite estimated SST, mostly for NOAA-AVHRR

data, for these five years (Refs. 1-3). The match

UPK of SSTs by satellite and by MBABS are

characterized to have excellent coincidences in

time and space, and a high accuracy of the sea

truth temperature.

By referring to the meteorological records by

AMePAS. it was found that under the conditions r.f

strong radiative cooling or sunshine on calm days,

the estimated SSTs tend to be accompanied with

large errors. The errors are thought to be caused

by the steep changes of vertical temperature

distribution at the sea surface. Call this effect

as "sea surface effect" thereafter. That is,

satellites detect the skin sea surface tempera

-ture. but buoys measure the temperature at Im

below the sea surface. The temperature difference

between the two measurement positions cannot be

corrected by the atmospheric correction algori

-thms. e. g., MCSST. Subsequently, the further

investigations of the sea surface effect has been

emphasized.

The Mutsu Bay validation test project has been

extended to take a part of the global sea surface

temperature (G-SST) working group of the SAFISY

Earth Science and technology projects. We have

developed a special buoy for the vertical tempera

-ture profile observation near the sea surface. By

including the radio sonde data observed at Misawa

air base, we could have built a sophisticated

system of the sea and air truth data collection

system. This paper outlines the observation system

and the validation program in Mutsu Bay.

2. Observation System

2.1 Mutsu bay

It has a size of about 50 km by 40 km with a

rather flat floor, of which the deepest part,

about 50 m, is at the bay mouth.

2.2 Mutsu Bay automatic buoy system (MBABS)

The Mutsu Bay automatic buoy system is composed

of six fixed buoys of which locations are .narked

by © in Figure 2, and is operated by the Fish

Farming Center of Aomori Prefecture Government. As

the physical variables, items listed in Table 1

are measured every hour on the hour. The accuracy

of temperature measurement is claimed to be 0.1 t

in the specification. Data of the buoys of No, I,

No. 4 and No. 6 are directly transmitted to the

center through micro wave channel, but those of

No. 2. No. 3 and No. 5 are stored in the memory

. \
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packs to be recovered once a month. Figure 3 show
(he external appearance of No. 6 buoy.

The temperature at Im below the sea surface can
be used as the sea truth SST for the validation

lest. That is. a match-up is prepared by combining
the cloud-free brightness temperature at a buoy

and its -Im temperatures of the nearest time to

the satellite overpass. Since the measurement
interval of the buoys is one hour, the temporal
coincidence of the satellite SST and the buoy SST

is guaranteed to be within 30 minutes. The capes
around the bay can be used as effective ground
control points, and the spatial coincidences in
each match-up have been evaluated to be within one

pixel resolution.

2.3 Automatic meteorological data acquisition
system (AMeDAS)

AMeI)AS is a data collection network system

operated by Meteorological Agency of Japan and has

more than 700 observation points distributed all
over the country. Around the Mutsu Bay. there
exist six AMeDAS observation points as marked by

n in Figure 2. Table 2 shows its measurement
items. The interval of measurement is one hour.

2 A Sea surface temperature profiler buoy (SSTPB)

SSTPB is specifically designed to observe the

vertical temperature profile near the sea surface,
and has been developed specially for our G-SST

group. Table 3 shows its measurement items. Data
are stored in the 1 MB memory pack and recovered

once a month. Us temperature measurement accuracy
is 0.1 T. A water flow sensor is attached at 2.8 m
depth.

At present. SSTPB is installed to be apart from
about 60m of No. 6 buoy of MBABS, and working with

the measurement interval of 30 minutes. Figure 4
shows the measurement pole of SSTPB. and Figure 5

is its external appearance by attaching data

logger floats, mooring flame, lamps, etc.
As an auxiliary device of SSTPB, SLMD was also

developed to measure the radiation factors and
installed on No. 6 buoy. Table 4 and Figure 6 show

its measurement items and external appearance.

Since it is left under severe environmental
conditions for optical measurement. its data
accuracy might be rough somehow, but expected to

provide relevant information related to the sea

skin heating and cooling.
Figure 7 shows two typical temperature profiles

observed by SSTPB. straight and steep change. In

the case of Figure 7-a. there is about 2 D
temperature difference between the sea skin and
Im. This suggested a significance of the sea

surface effect.

2.5 Radio sonde observation system (RSOS)
Daily radio sonde observation is under

operation at the Misawa air bass, located at about
30 km south-east of the bay.(see Figure 2). The

sonde is released at 9:00 and 21:00 everyday. Air
temperature and dew point temperature are measured
up to about 30 km. Figure 8 shows an examples of
the annual water contents of vertical atmospheric
core derived from RSOS data in 1987. The water

fluctuates in wide range depending upon seasons.

3. Validation Test Program

The Mutsu Bay observation system will provide

not only the sets of highly reliable match-ups.

but also the variety of air and sea truth data
indispensable to the error analysis of SST

estimation.

In our C-SST project, the validation tests are

directed to the data of VTIR of MOS-I, AVIIRR of
NOAA-9, NOAA-II and ATSR of E-ERS-I. The prépara

-tion of the match-up sets for VTIR and AVIlRR of

NOAA-9 has been almost finished, and those for

NOAA-Il and ATSR are under acquisition. The final
results will be read in the Asia-Pacific ISV
conference at Tokyo in November, 1992.

4. Conclusion
The outlines of the observation system of the

Mutsu bay project is described. The validation

test is based upon the match-up data sets of

excellent temporal and spatial coincidences
accompanied with a variety of reliable sea and air

truth data. Relevant aspects of the SST

observation by satellite are expected to be
cleared out.
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Table 1 : Measurement positions of physical items in MBABS

Buoy ID.

No. 1

No. 2

No. 3

No. 4

No. 5

No. 6

Water Temperature

- I m , -15m, -30m, -45m

- I m , -15m, -30m, -50m

- I m . -15m. -30m,
- I m . -15m, -30m, -44m

- I m , -15m. -36m,

- I m . -15m. -30m, -46m

Others

Flow direction & velocity : -15m, -45m

wind direction & velocity : +4 m
air temperature : +4 m

Table 2: Measurement items of AMeDAS around Mutsu Bay

1

Station ID.

Aomori

Noheji

Mutsu

Waki-nosawa

Kanita

Measurement Items

Air temp., Solar radiation, Wind direction & velocity.
Air pressure, Humidity, Cloud cover and species,
Visibility, Dew point temp.

Air temp., Solar radiation. Wind direction & velocity

Air temp., Solar radiation, Wind direction & velocity.
Air pressure, Humidity, Cloud cover and species,
Visibility, Dew point temp.

Air temp.. Solar radiation, Wind direction & velocity

Air temp., Solar radiation, Wind direction 8 velocity

Table 3 : Measurement items and positions of SSTPB

Item

Air temperature

Water temperature

Flow velocity & direction

Measurement Position

+25cm, +50cm, +100cm, +200cm

-Ocm, -10cm, -20cm, -30cm,
-50cm. -100cm, -200cm

-280cm

Table 4: Measurement items and positions of SLMD on No. 6 buoy

Item

Solar radiation

Thermal radiation (upward)

Thermal radiation (downward)

Water temperature

Position

1.5m

1.5m

1.5m

-Om

Detector

solar battery

thermopile

thermopile

thermistor
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UNESCO REMOTE SENSING AND GIS ACTIVITIES IN THE
INTERNATIONAL SPACE YEAR

B. von Droste, R. Missotten, Q. Han

Natural Science Sector. United Nations Educational,
Scientific and Cultural Organization (UNESCO), Paris

1

ABSTRACT

UNESCO, the United Nations specialized agency, having as
its mandate education, science and culture, makes best
possible use of new advances in technology, in particular of
remote sensing and CIS, to enhance international cooperative
effort to overcome unsustainability in the use of natural
resources and further deterioration of natural and cultural
heritage.
More and more programme in oceanography are using remote
sensing data, e.g. Ocean and Climate, Marine Pollution
Monitoring, Coastal Phenomena. The Global Ocean
Observing System (GOOS) is being developed in order to
define more precisely the nature of remote sensing data
needed for ocean observation and to provide numerous
opportunities for satellite measurements and validation and
calibration.
The Organization actively promotes the use of remote sensing
and GK in ecosystem conservation. The 300 UNESCO-
designated biosphere reserves in 75 countries represent a
variety of ecosystem types which provide a network for the
use of GIS and remote sensing in studying environmental
changes and generating information for decision makers to
address resource development problems.

1. INTRODUCTION

UNESCO, the United Nations specialized agency in
education, science and culture, makes best possible use of
new advances in technology, in particular of remote sensing
and GIS, to enhance international cooperative effort to
overcome unsustainable use of natural resources and further
deterioration of natural and cultural heritage and to promote
education and training in space applications especially in
developing countries.

Remote sensing and GIS are gradually being integrated in
UNESCO's international and intergovernmental programmes
such in the Man and the Biosphere (MAB) Programme,
International Hydrological Programme (IHP), International
Geological Correlation Programme (IGCP), and those of the
Intergovernmental Océanographie Commission (IOC) (Fig.l).
These programmes are executed in close collaboration with
other UN organizations and the scientific bodies such as the
International Council of Scientific Unions (ICSU). In
addition, training activities are being implemented with the
use of airborne and spaceborne remote sensing data (Réf. 1).
Because of the Organization's reinforced collaboration with
space agencies, access to satellite data by scientific user
community has been facilitated.

For the International Space Year celebration, UNESCO has
become a member of EURISY and an affiliate of SAFISY.
The Organization fully supports and endorses both
association's aims of promoting and demonstrating the use of
space technology for international cooperation. UNESCO co-

sponsored EURISY's symposium in Venice in April 1991
which was organized to provide a forum for an exchange of
views between top level decision-makers, scientists, space
agencies, industrial companies and science journalists
involved in the Earth's environmental problems. The
Organization will co-sponsor the World Space Congress
which will be held in Washington in August 1992. UNESCO
will develop cooperative programmes and organize symposia
aimed at strengthening contacts between satellite systems
planning and development organizations, and the scientific-
user community. In the UNESCO "Environment and
Development Briefs", which are intended to improve the
communication of scientific information to executives and
decision makers, one issue is prepared on the use of remote
sensing and geographic information systems for resource
management.

UNESCO's main remote sensing activities are described
below, structured along four themes related to remote sensing
and GIS:

- Study of ocean and coastal zones

- Ecological and hydrological research in MAB & IHP

- Monitoring natural hazards and risk management

- Education, training and capacity building.

2. OCEAN AND COASTAL ZONES

The ecological system of the coastal areas, as well as the
socio-economic development of these areas, are heavily
influenced by the conditions created by the proximity of the
oceans. The oceans play a decisive role in supporting the life
of the planet. Global energy cycles and the biological
processes on which all life depend are critically influenced by
the oceans. Yet we only have rudimentary knowledge about
ocean processes and humanity's impact on them. Nor do we
know the possible economic benefits or utilize the
opportunities.

UNESCO and its Intergovernmental Océanographie
Commission (ICC), together with other UN Agencies and
scientific organizations, develop, recommend and coordinate
international programmes for ocean investigation. It also
actively promotes research leading to better understanding of
the role of the ocean in global climate change. These
programmes involve satellite measurements in an integrated
way. For example, TOGA (the Tropical Ocean and Global
Atmosphere) uses satellite surface temperatures and WOCE
(World Ocean Circulation Experiment) depend on accurate
satellite sea surface topographic measurements.

D'cceea r-gs o" :"
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UNESCO/IOC strongly recommend continued support for
existing and planned satellite missions and advocate a data
distribution policy based on free or reproduction cost access
to data to meet the needs of the scientific community.

For the coming years, the Organization prepares, together
with WMO &. UNEP, the development of the Global Ocean
Observing System (GOOS). GOOS is a comprehensive and
integrated system which will provide a mechanism for
coordinated management of data generated from regular
observation of major physical, chemical and biological
properties of the ocean. As described by Kullenberg (Réf. 2),
the first component to be developed in GOOS will be the
climate assessment subsystem. This will provide the input and
validation data for coupled ocean-atmosphere models. This
subsystem will critically depend upon the use of
satelliteborne instruments as well as on efficient distribution
of satellite data to users. IOC of UNESCO continues to
cooperate with the space agencies' Committee on Earth
Observation Satellite (CEOS) to develop the partnership
needed for the development and operation of future ocean
satellite missions.

3. REMOTE SENSING AND GIS IN THE MAN AND THE
BIOSPHERE (MAB) AND THE INTERNATIONAL

HYDROLOGY PROGRAMME (IHP)

UNESCO established over the last 20 years a world-wide
network of biosphere reserves under the Man and the
Biosphere Programme. The network consists of 300 sites in
75 countries, covering 1.6 million km2 of terrestrial land and
coastal areas. The biosphere reserve system englobes already
two thirds of all 173 biogeographical subdivisions of the
terrestrial world as specified by Udvardy, a Californian
biogeographer. This network has the potential to play an
important role in the study of global change, more
particularly in the crucial field of climate change effects on
biodiversity.

Biosphere reserve research and monitoring must become
integrated and comparable. The system has to serve as bench
marks for observing ecosystem changes. A priority can be
seen in setting up research/monitoring programmes in
biosphere reserves located in circumpolar regions, coastal
zones, desert fringes, high mountains, locations which are
particularly suited for global change studies (Réf. 4). Figure
2 illustrates the multifunction nature of biosphere reserves: in

situ protection of genetic resources; long-term ecological
research and monitoring and harmonizing conservation with
development.

A profile of environmental processes or ecological changes
over a whole range of ecological conditions is provided in
most biosphere reserves: their central core zone enjoys close
to natural state conditions, their buffer zone is marked by
land-use compatible with conservation goals in their centre;
and their transition zone is characterized by a steep increase
in human pressure and land transformation.

In order to mobilize the potential of the biosphere reserve
system to provide baseline data at different time and space
resolutions crucial for monitoring global change, it is
necessary to promote use of techniques and technologies for
integration and comparison.

Under this purview UNESCO is developing the use of GIS to
facilitate the build-up of typologies of biosphere reserves that
can be considered as similar regarding abiotic, biotic and
social conditions. Based on such typologies, comparative
ecological research in biosphere reserves will contribute to
developing the empirical and theoretical basis for assessing
comparability of ecological information and help ecology to
become a more predictive and hence more credible science.

At present, GIS is already applied in the management and
research of the Berchtesgaden Biosphere Reserve in Germany.
In addition, three GIS pilot studies are being carried out as a
joint project with the UNESCO/ITC Centre in the
Netherlands (Réf.4). These projects are located in the
Amboseli Biosphere Reserve in Kenya, the Cibodas Biosphere
Reserve in Indonesia and the Wuyishan Biosphere Reserve in
China (Fig. 3).

Research/monitoring activities in well selected biosphere
reserves with long-standing data records and outstanding
scientific infrastructure should now be developed as an
integral part of a wide spectrum of complementary and
transversal scale observations, from man-on-the-ground to
geo-synchromous satellites and polar-oriented platforms.

Biosphere reserve research could contribute to space data
interpretation and play a role in validation and calibration of
satellite instruments and measurements. Space agencies and
space industries could actively participate in biosphere reserve
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development to permit their future development as terrestrial
platform systems in a complementary counterpart function to
space observation systems.

Potential application of remote sensing and GIS for resource
management are manifold in the field of surface and ground
water research management as promoted by the International
Hydrological Programmes (Réf. S):

- estimate water supplies,
- upgrade knowledge of hydrographie systems,
- map flood plains,
- inventory lakes and wetlands,
- measure soil moisture
- estimate snow-melt run-off
- assess regional water demand and supply, etc.

Recently, UNESCO's International Hydrolpgical Programme
is involved in studying possible uses, especially in developing
countries, of the information systems called GHAAS, the
Global Hydrological Archive and Analysis System and
GENESIS, the Geographical, Environmental, Economic and
Social Information System.

DEVELOPMENT CONCERN
ASSOCIATION OF ENVIRONMENT

WTTH DEVELOPMENT

BIOSPHERE
RESERVE

CONSERVATION CONCERN

CONSERVATION OF
GENETIC MATERIAL
AND ECOSYSTEMS

LOGISTIC CONCERN
INTERNATIONAL NETWORK

FOR RESEARCH
ANOMONITORING I

FIg. 2 THREE MAJOR CONCERNS OF BIOSPHERE RESERVE

UNESCOflTC PROJECT
GEO-INFORMATION

FOR ENVIRONMENTALLY-SOUND
MANAGEMENT OF N R

ECOLOGY
COMPONENT

HYDROLOGY
COMPONENT

CIBODAS B R.
TROPICAL FOREST

ECOSYSTEM

AMBOSELIBR
TROPICAL SAVANNA

ECOSYSTEM

SONGKLA BASIN
COASTAREAIN

HUMINDTROPICS

WUYISHAN B H
SUBTROPICAL FOREST

ECOSYSTEM

Fig. 3THE PROJECT SITES IDENTIFIED FOR THE UNESCO/ITC PROJECT (1990-1993)

4. REMOTE SENSING AND GIS USES IN NATURAL
HAZARD MONITORING, RISK ASSESSMENT AND

MANAGEMENT.

The world spends about 20 million dollars a day on
reconstruction, rehabilitation and emergency supplies
following natural disasters. Half that sum could be saved
through better prevention. Recognizing this, the United
Nations General Assembly decided to designate the 1990s as
the International Decade for Natural Disaster Reduction.
(IDNDR).

In line with the IDNDR objectives to reduce, especially in
developing countries, the loss of life, property damage and
social and economic disruption caused by natural disasters,
UNESCO, in the framework of the "Geological Applications
of Remote Sensing Programme" (GARS) organizes research
programmes to integrate multisensor data in the study of
natural hazards of geological origin.

A first pilot study is being carried out in the Andes region in
Latin America to develop new methodologies for cost-

effective mapping and monitoring of landslides. A test area
was chosen in Colombia where landslides threaten human
settlements, disrupt the transport infrastructure, constrain
mineral resources exploitation and hamper socio-economic
development. So far, GIS has been used for the integration of
geological and geophysical data with airborne and spaceborne
remote sensing data to generate accurate risk maps.

This year's research focuses on the evaluation of the potential
use of microwave ERS-I data for landslide studies, and the
development of risk assessment studies and risk management
plans. Seminars and workshops will be organized to
disseminate to all Andean countries the information
concerning this newly-developed methodology.

In the future, this methodology will be adapted for use in the
Asian region. Similar research projects related to the study of
geologically unstable terrains in volcanic regions will also be
carried out .

. r
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5. EDUCATION, TRAINING AND CAPACITY
BUILDING.

UNESCO has a long-term involvement in remote sensing
education, especially for junior scientists in developing
countries. Postgraduate courses related to geology,
hydrology, ecology, oceanography and marine sciences are
organized annually both in developing and industrialized
countries, in cooperation with scientific institutes, NGOs and
other UN bodies.

To strengthen the indigenous training capacity, short ad-hoc
courses, workshops and seminars are held regularly in
developing countries especially concerning the use and
management of natural resources.

UNESCO has recently introduced computer-based learning
modules on the use of remote sensing data in marine
applications, an innovation in training. As such modules are
for world-wide distribution, participating scientists are invited
to produce new lessons materials so as to create an
international remote sensing education network (Réf. 6).

Due to recent technological advances which has significantly
reduced the cost of establishing a remote sensing centre,
UNESCO has created small P.C.-based remote sensing
centres within specialized institutes in developing countries.
UNESCO trains geologists from different African geological
surveys together and equips local remote sensing laboratories
identically in order to create a user network which facilitates
regional geological analysis and at the same time enhances
regional cooperation. Similar steps will be taken in other
regions of the world.

6. CONCLUSION.

UNESCO's scientific programmes reveal a multitude of
applications of remote sensing and GIS technologies. The
further development of these most useful tools will depend on
the:

- exchange of data and equipment in space science and
technology;

- transfer of technology and exchange of experts;

- access to remote sensing data, ground receiving systems and
digital image processing; and last but not least,

- human resource development in developing countries.

In order to overcome these obstacles a new quality and level
of international co-operation is required.
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ABSTRACT

The United Nations has been a forum for international
discussions relating to space activities and the
environment for many years. In the last few years, the
United Nations, like many other organizations, has paid
increasing attention to the need to protect the
environment, including the space environment. The
primary forum for international discussions on space
activities and the environment is the General Assembly's
Committee on the Peaceful Uses of Outer Space, for
which the Office for Outer Space (formerly the Outer
Space Affairs Division) serves as the secretariat. Other
elements of the United Nations system are also concerned
with the use of space technology for monitoring the
environment. The work of the United Nations relating to
space activities and the environment focuses on two
areas: first, the promotion of international cooperation in
the use of space technology for monitoring the terrestrial
environment; and second, working to ensure that space
activities do not themselves cause damage to the space or
Earth environment. In the use of space technology for
monitoring the Earth environment, the Office for Outer
Space and the Committee on the Peaceful Uses of Outer
Space play a modest role, generally in cooperation with
the specialized agencies and other international, regional
and national organizations. In the second area, that of
ensuring that space activities do not harm the
environment, the United Nations and the Committee on
the Peaceful Uses of Outer Space play a much more
central role.

INTRODUCTION

The efforts of the United Nations to promote
international cooperation in space activities fall into two
rather different categories. One is the negotiation of
international political and legal agreements. For these
efforts, the Committee on the Peaceful Uses of Outer
Space and its Legal Subcommittee are the primary
forums, and the major participants are the space powers.
The developing countries with space programmes,
including Brazil, China and India, are playing an
increasingly active role in the international policy debates
and in particular with respect to the space and Earth
environment.

* The views expressed in this paper are those of the
authors in their personal capacities and do not necessarily
reflect the views of the United Nations.

The second category of United Nations space
activities is the provision of technical assistance to
developing countries, in particular through the Programme
on Space Applications. This Programme is overseen by
the Committee on the Peaceful Uses of Outer Space, and
the major participants are, of course, the developing
countries. The efforts to promote the use of space
technology for monitoring and protecting the terrestrial
environment fall mainly into this category. The role of
the United Nations in this area is modest and
complementary to the activities of other international
organizations, including in particular the United Nations
specialized agencies.

I. TECHNICALASSISTANCEIN
ENVIRONMENTAL MONITORING

In the applications of space technology for monitoring
the terrestrial environment, the role of the United Nations
has focused on education and training for developing
countries. In particular, the Office for Outer Space,
through its Programme on Space Applications, organizes
short seminars, workshops and training courses and
arranges for fellowships for long-term education through
institutions in countries with advanced facilities.

Since its inception in 1970, the Programme on Space
Applications,1 in response to requests from the developing
countries, has concentrated its efforts on remote sensing,
primarily for the purpose of economic development, but
also for environmental monitoring and protection. Topics
addressed in the training courses and seminars have
included drought and desertification, deforestation, food
security, locust control and the use of geographic
information systems. In 1991, the Programme organized
its first training course devoted specifically to satellite
remote sensing applications for environmental assessment
and monitoring. The course was hosted and largely
funded by the United States government. The 1991
Programme also co-sponsored, together with FAO and the
Economic Commission for Africa, a Regional Workshop
on Remote Sensing and Geographic Information Systems
for African Decision-Makers held at the Headquarters of
the United Nations Environment Programme in Nairobi.

In March 1992, the Programme organized, in
cooperation with the Governments of Ecuador and Japan,
a Workshop on Space Technology for Development and
Environmental Management in Quito, Ecuador; and in
August 1992, a United Nations International Conference
on Satellite Remote Sensing for Resource Management,

1
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Environmental Assessment and Global Change Studies
will be held in (he United Slates. Plans for 1993 include
a Workshop on the Use of Space Techniques for
Monitoring and Control of the Desert Environment in the
West Asia region. Other activities of the Programme for
1992 and 1993 will also consider environmental
applications as well as other applications of space
technology for development.

It should be noted that due to the very limited United
Nations budget for these activities, the Programme on
Space Applications is dependent on co-sponsoring
governments and agencies for support. Most of the
resources for these activities, in fact, come from the host
countries. Considering that the activities often provide
the greatest benefits for developing countries when they
are held in those countries, a number of developed
countries, including Japan and Sweden, have provided
major funding for training activities held in developing
countries. The mobilization of financial and technical
resources from developed countries and space
organizations, together with the international
organizational resources of the United Nations, have
enabled the Programme to contribute effectively to
promoting the participation of all countries in space
applications. We are continually looking for new co-
sponsors for these activities. In the context of EURISY,
it should be mentioned that the European Space Agency
has been a very generous supporter of the Programme, as
have a number of other members of EURISY.

While the short-term training courses and workshops
organized by the United Nations serve an important
purpose, we must recognize that they are not a real
substitute for long-term education. The United Nations
does not have facilities or resources for organizing long-
term educational programmes, so it has arranged with a
number of national and regional space programmes to
provide fellowships for students from developing
countries for studies of one year or more. Fellowships
have been offered through the United Nations for study
in Austria, Brazil, China, the Russian Federation and the
European Space Agency.

The United Nations Office for Outer Space also
prepares and publishes reports and technical review
papers on various aspects of remote sensing of particular
interest to developing countries. Two recent studies of
interest here, prepared at the request of the Committee,
concern The Applications of Space Technology to the
Study of Desertification in Developing Countries,2 and a
review paper on Upper Atmosphere Studies for Weather
and Environment Monitoring.3 In addition, in order to
assist developing countries in obtaining the information
they need to use space technology more effectively for
such purposes as environmental monitoring, the Office for
Outer Space is establishing an International Space
Information System. The Office also provides technical
advisory services to developing countries on request, for
example in the planning of space applications projects.

A priority for developing countries in recent years has
been to increase their own capabilities for space activities

and reduce their dependence on developed countries.
One means for achieving this in fields in which countries
may not be able to afford national capabilities has been
through regional programmes. The United Nations has
therefore supported regional efforts, including the
Regional Centre for Services in Surveying, Mapping and
Remote Sensing in Nairobi, the Regional Remote Sensing
Programme in Bangkok, the Regional Centre for Training
in Aerospace Surveys in Nigeria, the Regional Remote
Sensing Centre in Burkina Faso, and the regional Space
Conference for the Americas.

An initiative currently being elaborated as part of the
Programme on Space Applications is the development of
regional centres for space science and technology
education. These would be established in developing
regions and would provide long-term advanced education
to scientists and engineers. Priority would be given to
educators, who would in turn train more people at the
national level, but the centres would also be open to
people working the field of space applications and in
scientific research. In the first phase, the centres would
concentrate on training in remote sensing, including
environmental monitoring. A number of countries in
various developing regions have already expressed
interest in hosting the centres, and additional funding
from developed countries and international organizations
is being sought.

While these technical assistance activities have been
the focus of United Nations efforts relating to
environmental monitoring, political and legal issues have
also been discussed in the Committee on the Peaceful
Uses of Outer Space and its subcommittees." In 1986,
after more than a decade of debate, the Committee
reached agreement on a set of principles relating to
remote sensing of the Earth from space. These principles
were subsequently adopted by consensus as a General
Assembly resolution. The principles implicitly allow
countries to acquire and distribute remote sensing data
globally without permission or advance notification, and
require that data acquired by one country over another
must be made available to the observed country.5

Of the 1986 principles on remote sensing, principle
10 provides that remote sensing shall promote the
protection of the Earth's natural environment and that
Slates that have identified information in their possession
that can be used to avert any phenomenon harmful to the
Earth's natural environment shall disclose such
information to States concerned.

While the 1986 principles do not draw a distinction
between Earth resources satellites on the one hand, and
meteorological and other environmental satellites on the
other, there is in practice an important distinction.
Meteorological and environmental satellites are operated
as a public service, with data made available free of
charge or at the cost of reproduction. Data from the
United States NOAA and GOES satellites, and the
European Meteosat satellites, for example, can be
received directly by users in any country without charge
or permission. Remote sensing satellites, on the other

1



hand, are operated on a commercial basis, and the prices
of the data, and the fees for direct reception of data, have
become quite a burden for developing countries in
particular.

Developing countries have often pointed out in United
Nations meetings that this commercialization policy
substantially limits the use of remote sensing in
developing countries, particularly for such purposes as
environmental monitoring and protection. They have also
expressed concern that changes in satellite technology can
require expensive upgrades to ground stations and
processing equipment. There have been a number of
proposals for a system of concessionary prices or access
fees for developing countries, so far without results.
Given the difficulty of justifying the expenditure of the
very limited resources of developing countries on
environmental efforts, the costs of satellite data are a
major factor limiting their wider international use.

In addition to the Office for Outer Space, a number
of other organizations in the United Nations system are
concerned with the uses of space technology for
environmental monitoring. The primary responsibility
within the system for international cooperation on the
environment belongs to the United Nations Environment
Programme (UNEP) with its headquarters in Nairobi.
One element of UNEP activities is the Global
Environmental Monitoring System (GEMS), which in turn
includes the Global Resource Information Database
(GRID), both of which make use of satellite data. The
key areas of concern for GEMS and GRID are climate,
pollution and renewable resources. UNEP also provides
support for technical assistance projects in environmental
management, and training in the use of remote sensing
and geographic information systems for environmental
purposes.

The Food and Agriculture Organization (FAO) makes
extensive use of environmental monitoring by satellite
through its Remote Sensing Center in Rome. One of the
Center's responsibilities is to provide environmental data
to the Global Information and Early Warning System on
Food and Agriculture, which disseminates information on
drought, soil degradation, desert locust control and
desertification. The Center also runs the "Africa Real-
Time Environmental Monitoring using Imaging Satellites"
(ARTEMIS) system, to monitor precipitation and
vegetation in Africa based on semi-automatic processing
of data from METEOSAT and NOAA satellites. In
cooperation with UNEP, FAO is participating with the
European Space Agency in the development and testing
of a satellite communications system known as DIANA
for real-time transmission of environmental satellite and
other data to users in Africa.6

Another example of United Nations activities is the
World Health Organization's work on an information
database called the Consolidated Information System for
Famine Management in Africa.7 In the field of
meteorology, the World Meteorological Organization8

coordinates the international exchange of satellite-derived
weather and climate data through the World Weather
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Watch. The United Nations Disaster Relief Coordinator
(UNDRO) also uses satellites for its disaster relief
programmes.

Other branches of the United Nations system that
have space activities dealing with the environment include
the new Science, Technology, Environment and
Resources Division of the Secretariat Department of
Economic and Social Development, the regional
economic commissions, UNESCO, and the International
Maritime Organization (IMO). These organizations also
provide fellowships and expert services, support technical
assistance projects, and distribute information on the use
of space technology in various aspects of environmental
monitoring.

The space-related activities of the various
organizations of the United Nations system are
coordinated through annual meetings, and a review of all
activities is submitted to the Committee on the Peaceful
Uses of Outer Space. The latest report, for example,
indicates that the United Nations and its specialized
agencies will organize over 40 conferences, seminars,
training courses and workshops in the fields of remote
sensing and meteorology during the 1992-1993 period.9

These activities are also coordinated with the activities of
other international organizations, particularly with the
European Space Agency, Intelsat and Inmarsat, and with
non-governmental organizations, including the Committee
on Space Research (COSPAR) and the International
Astronautical Federation (IAF).

Like other space organizations, the United Nations is
paying particular attention to the uses of space technology
for environmental monitoring in 1992. The designation
of 1992 as International Space Year was endorsed by the
United Nations General Assembly in 1989, and il was
agreed that the United Nations should participate in ISY
activities, particularly through the Programme on Space
Applications. At the 1992 meeting of the Scientific and
Technical Subcommittee on outer space, in February of
this year, a special session was held in celebration of
International Space Year and focusing on space
technology for monitoring global change. In August, in
conjunction with the joint COSPAR/IAF World Space
Congress in Washington, a United Nations workshop on
space technologies for development will be organized for
participants from developing countries. A variety of other
activities are planned for 1992, particularly with a view
to promoting the participation of developing countries in
ISY activities.

II. PREVENTING ENVIRONMENTAL DAMAGE
FROM SPACE ACTIVITIES

For international political and legal discussions
concerning the protection of the space and Earth
environment from damage resulting from space activities,
the United Nations has been the main forum. A number
of issues relating to the environment have sparked intense
debates during recent sessions of the Committee on the
Peaceful Uses of Outer Space and its two subcommittees.

1
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The 1967 Outer Space Treaty, the basic document
of international space law, states in article 7 thai Stales
are internationally liable for damage caused to other
States by their space objects. Article 9 adds that States
shall "avoid harmful contamination" of outer space, the
Moon and other celestial bodies"10. The Article 7
provision is developed further in Article 2 of the 1972
Convention on International Liability for Damage Caused
by Space Objects, which provides that "A launching Slate
shall be absolutely liable to pay compensation for damage
caused by its space object on the surface of the Earth"
and specifies mechanisms for dealing with claims for
damage. Article 9 of the 1967 Treaty is extended by
Article 7 of the 1979 Moon Agreement, which provides
that States "shall also take measures to avoid harmfully
affecting the environment of the Earth through the
introduction of extraterrestrial matter or otherwise."

Thus the general principle of international
responsibility for environmental damage caused by space
activities has been established. In two areas, however,
there have been calls for further measures to prevent
environmental damage from space activities: one issue is
the use of nuclear power sources in space; the other is
the growing accumulation of space debris.

The new concerns in this area and the growing
pressure for further environmental protection were
reflected in last year's General Assembly resolution on
outer space, in which the Assembly reitered its
recommendation "that more attention should be paid to all
aspects related to the protection and the preservation of
the outer space environment, especially those potentially
affecting the Earth's environment". This same language
has been introduced as part of a new proposal for a set of
legal Principles Regarding International Cooperation in
the Exploration and Utilization of Outer Space for
Peaceful Purposes. This proposed set of legal principles
was introduced in the Legal Subcommittee at its 1991
session by a group of developing countries, and is being
discussed further al the current session in Geneva.

Nuclear power sources in space

On the question of the use of nuclear power sources
in space, the United Nations debate began in 1979,
following the uncontrolled re-entry of Cosmos 954
carrying an ocean reconnaissance radar powered by a
small nuclear reactor. The mechanism thai was supposed
to boost the satellite to a high, long-lifetime orbit
following its low-orbit operation failed, and the satellite
re-entered the atmosphere, disintegrated and left a trail of
radioactive debris across northern Canada." At Canada's
initiative, the Scientific and Technical Subcommittee on
outer space established a technical Working Group on the
question. The Legal Subcommittee put the question on
ils agenda in 1980 and established a legal Working Group
on the question in 1981.

In 1981 the technical Working Group submitted its
report, concluding that nuclear power sources were
needed for certain important space missions and that

nuclear power sources could be used safely, "provided
that all necessary safety requirements are met".12 In 1984
and 198S, following the uncontrolled re-entry of the
reactor-powered Cosmos 1402 spacecraft, the technical
Working Group was reconvened, but was unable to reach
agreement beyond the general conclusions agreed in
1981. in 1986 and 1987, the technical Working Group
did not meet due to opposition from the Soviet Union.

The legal Working Group met each year beginning in
1981 to negotiate principles on nuclear power sources.
For many years, however, it was not able to achieve any
significant results. Eventually, in 1986, consensus was
reached on two draft principles: international notification
in case of uncontrolled re-entry of a nuclear power
source; and assistance to States potentially affected by
such a re-entry." When the Soviet Union lost control of
Cosmos 1900 in April 1988, it sent a series of
notifications to the United Nations over the next five
months providing new and updated information on the
nuclear power source and (he orbital decay. Finally, as
re-entry approached, an automatic safety mechanism was
activated and the reactor was boosted into a high orbit.

In 1988, the Legal Working Group reached consensus
on another draft principle on the applicability of general
international law, including the 1967 Outer Space Treaty.
And in 1989, agreement was reached on two more
principles, concerning international consultations in cases
of uncontrolled re-entry, and procedures for settlement of
disputes.

In 1988, the Soviet Union agreed to the reconvening
of the technical Working Group and progress toward
agreed international technical criteria for the use of
nuclear power sources began. At the 1988 session,
Germany announced that it had undertaken a major study
on the environmental risks of nuclear power sources and
had found two problems that had not been adequately
recognized. First, it had not been recognized that
uranium dioxide fuel might not be vaporized on re-entry,
but might reach the ground in a dangerous particular
form. And second, a nuclear power source in a long-
lifetime high disposal orbit had a significant chance of
colliding with space debris, resulting in fragmentation and
rapid orbital decay, leading to re-entry of highly
radioactive material.14 Furthermore, if there were •»
substantial increase in the amount of debris, a
catastrophic chain reaction of collisions could produce so
many fragments as to render space virtually unusable for
many years. These results provided a major stimulus to
progress on the issues.

In 1990, a major step forward occurred when the
technical Working Group reached consensus on technical
criteria for the safe use of nuclear power sources. The
legal Working Group, on the basis of these technical
criteria, reached consensus on a draft principle concerning
guidelines and criteria for safe use, perhaps the most
complex and important of the principles. In .'091,
agreement was reached on two additional draft principles,
making a total of eight agreed, with three remaining
under negotiation.



According Io criteria agreed upon, the use of nuclear
power sources should be restricted to those space
missions which cannot reasonably be operated by
non-nuclear energy sources. The safety systems should
be designed to limit accidental individual exposure to 1
milliSievert per year. Disposal orbits should be such that
"the orbital lifetime is long enough Io allow for a
sufficient decay of the fission products to about the
activity of the actinides," taking into account the
possibility of fragmentation due to collision with space
debris. Nuclear reactors should use only highly enriched
uranium 235 as fuel. Radio-isotope generators "shou'd
preferably be used for interplanetary missions" and should
be "protected by a containment system which withstands
the heat and aerodynamic forces during the re-entry in the
upper atmosphere". They should also ensure that upon
ground impact, "no radioactive material is scattered into
the environment".

The proposed principles that are still under
negotiation concern the publication of safety assessments
of space missions using nuclear power sources, and the
question of subsequent revision of the principles.

However, a further obstacle to adoption of the entire
set of principles arose in the Scientific and Technical
Subcommittee in 1991, when the United Stales indicated
that it needed some changes to clarify the technical
guidelines and criteria for safe use which had been
adopted in 1990. Other countries strongly opposed a
reopening of negotiations on the issue, noting that all
countries had made compromises and that amendments
could be made later in accordance with the procedure for
revision. At the February 1992 session of the Scientific
and Technical Subcommittee, some progress was made
toward compromise on this issue through negotiations on
a preamble that would recognize that revisions may be
necessary and that would limit the scope of the principles
to nuclear devices for generating electricity. The
principles would thus not limit the development of
nuclear propulsion systems. Further progress toward
agreement on the preamble and the remaining principles
was made at the Legal Subcommittee meeting in March-
April.

It appears quite possible that agreement may be
reached this year, including the already agreed texts, the
three remaining draft principles, a preamble defining the
scope of the principles, and an agreement that discussions
on revising the principles might get underway
immediately. When agreement is reached, the principles
will probably be adopted in the form of a declaration of
legal principles by the General Assembly, rath;r than as
a legally binding international treaty.

The stimulus for international principles has come, as
indicated above, largely from accidents involving the
nuclear reactors used to power Soviet naval
reconnaissance satellites in low orbit. At the June 1990
meeting of the Committee on the Peaceful Uses of Outer
Space, the Soviet Union announced that it would make
the results of safety assessments of nuclear power sources
publicly available prior to future launches". It appears
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that no Soviet or Russian nuclear-powered satellites have
been launched since then.

In recent months, there have been reports of research
in both the United States and Russia concerning nuclear
propulsion systems either for use in space or for
launching from the ground. The technical guidelines and
criteria as originally agreed would appear to preclude the
use of nuclear reactors for launchings, but not the use of
nuclear propulsion in space. However, there seems now
to be agreement on exluding nuclear propulsion in general
from the scope of the principles, leaving that question
open Io future discussions.

Space debris

As the debates on nuclear power sources in space have
moved toward a conclusion, the question of limiting
space debris has become a new subject of debate. In
1988, at the request of the Scientific and Technical
Subcommittee, a technical study on the environmental
effects of space activities, focusing on space debris, was
prepared for the Subcommittee by COSPAR and IAF.
Following increasing expressions of concern about debris
in the Committee on the Peaceful Uses of Outer Space
and its subcommittees, the General Assembly has noted
in each of its last three sessions that it is essential that
Member States pay more attention to the problem of
space debris. The General Assembly has also called for
the continuation of national research on the question, and
has invited States to submit information on the question
to the Scientific and Technical Subcommittee.

The Committee and the Scientific and Technical
Subcommittee, however, have only been able to discuss
the issue on a very general level. Negotiations that might
lead to internationally accepted standards or guidelines
have not yet begun.

For the past few years, Sweden, with growing support
from other delegations, has pushed for inclusion of the
question of space debris as a separate item on the agenda
of the Subcommittee. Such a step would formally
recognize the issue as being of international importance
and would open the way to negotiations of guidelines.
The United States, however, has opposed putting it on the
agenda, arguing that more work needs to be done on a
national or limited international scale, before the question
is officially taken up by a broad political forum such as
the United Nations. Nonetheless, the issue has been
discussed by many delegations, and studies and proposals
have been submitted by a number of governments. It is
likely that pressure for putting it on the agenda will
continue to grow and that it will be added to the agenda
in the near future.

Even if space debris is soon added to the agenda of
the Scientific and Technical Subcommittee, however, il
will certainly be many years before a set of legal
principles on the question could be agreed upon. To
promote more rapid practical results on the issue, it might
be useful for discussions in the United Nations to be
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conducted in parallel with informal discussions among the
space powers. These informal consultation might
consider the development of technologies and operating
procedures to minimize the creation of debris, and might
develop a body of "recommended standards and
practices" to guide countries in their space activities.16

Other Environmental Effects

In addition to the questions of nuclear power sources
and space debris, a number of other concerns relating to
the space environment have also been mentioned in the
Committee on the Peaceful Uses of Outer Space and its
subcommittees. It has been noted that increasing space
activity poses problems for terrestrial astronomical
observations. Over the years, there have been a number
of proposals for arrays of very large structures in orbit,
either for space an, for collecting or reflecting solar
energy, or for other purposes. Such systems could
severely disrupt ground-based astronomical observations
and even damage sensitive detectors.

Concerns have also been expressed over pollution of
the upper atmosphere by space activities, particularly
from exhaust gases from solid-fuel rockets. It has been
noted, for example, that the use of solid fuels containing
chlorine compounds may contribute to the degradation of
the ozone layer.

While these issues have been mentioned by
delegations and have been considered in a number of
United Nations studies, there have not yet been any
proposals for putting these issues on the agenda.

IV. CONCLUSION
The improvement in international relations in recent

years, particularly the decline in tensions between the two
major space powers, and the increasing concern with
protecting the Earth's environment, offer an important
opportunity for international cooperation in using space
for environmental protection. While the United Nations
has a number of substantial achievements to ils credit in
the field of space and the environment, there is a great
deal of work yet to be done, and the present world
situation offers a real opportunity for progress. In this
effort, the United Nations will continue to work closely
with international and national agencies, and
governmental and non-govemmenlal organizations in
order to make the best use of the opportunities before us.
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PROGRAMMES AND STRATEGY FOR THE WORLD METEOROLOGICAL ORGANIZATION
WITH RESPECT TO EARTH OBSERVATION PROM SPACE

G.O.P. Obasi

World Meteorological Organization, Geneva, Switzerland

ABSTRACT

The World Meteorological
Organization (WMO) is a United
Nations specialized agency. The
activities of the organization
encompasses many programmes with
both operational and scientific
research objectives. With regard
to the utilization of artificial
satellites, the goal of WMO has
been to capitalize on advances in
space technology to organize
continuous monitoring of the
global atmosphere and earth
surface and to help developing
countries "bridge the gap". The
paper will highlight operational
and research facets of several
WMO programmes.

The operational World Weather
Watch space observing system
includes both geostationary and
sun synchronous polar-orbiting
satellites. The satellites are
utilized for remote observations
as well as communications and
location finding purposes.
Present components and future
plans will be summarized. The
international cooperation amongst
s a t e l l i t e o p e r a t o r s ,
international organizations and
programmes will also be
discussed.

The increasing world-wide
attention to climate issues led
WMO to join force with the
Intergovernmental Océanographie
Commission (IOC) of UNESCO, the
United Nations Environment
Programme (UNEP) and ICSU to
organize the implementation of a

Global Climate Observing System
(GCOS). The concept of GCOS will
also be summarized, as well as
the objectives it serves in all
aspects of the World Climate
Programme.

1. WMO OBJECTIVES

1.1 Perspective

The World Meteorological
Organization (WMO) is a United
Nations specialized agency
created to facilitate
international co-operation for
acquiring and exchanging basic
meteorological and hydrological
data and developing
meteorological and hydrological
and other related services
including a wide range of
applications of weather and
climate information. WMO
promotes standardization of
meteorological and related
observations and furthers the
application of meteorology to
aviation, shipping, water
management, agriculture and other
human activities. It promotes
activities in operational
hydrology and furthers close co-
operation between Meteorological
and Hydrological Services and
encourages research and training
in meteorology and, as
appropriate, in related fields,
and assists in co-ordinating the
international aspects of such
research and training.
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The governing body of the
organization is the World
Meteorological Congress which
brings together the delegates of
the 160 Member states once every
four years to determine general
policies for the fulfillment of
the purposes of the
Organizations. The Executive
Council meets once a year to
supervise the implementation of
programmes. The advisory body on
matters related to satellite
activities is the WMO Executive
Council Panel of Experts on
Satellites. These satellite
activities support all programmes
of the organization, especially
the World Weather Watch Programme
and the World Climate Programme.
The growing environmental
dimensions of the organization's
programmes in such areas as
atmospheric composition, ozone,
and green-house gas monitoring
also require satellite data.
Applications to hydrology and
water resources and
agrometeorology, such as through
vegetative index products, are
another expanding area.

2. WORLD WEATHER WATCH

The World Weather Watch composed
of the Global Observing System
( G O S ) , t h e G l o b a l
Telecommunications System (GTS)
and the Global Data Processing
System (GDPS) encompasses all the
national meteorological services
and provides the basic
infrastructure for meteorological
data acquisition, for real-time
international exchange of data,
and a co-ordinated programme of
data processing for analyzing and
predicting the weather. The
global numerical models, fed by
the data from the surface and
spaced based observing systems,
produce on a daily basis the best
indication of the state of the
atmosphere. The GTS represents
the communication aspect of the
infrastructure for the World

Weather Watch and provides the
only world-wide system for
connecting all countries in the
world in real-time with up-to-
date environmental data and
information.

One component of the World
Weather Watch is the space-based
sub-system of the Global
Observing System. Tracking
weather systems utilizing
satellite imagery has been
operational for the last twenty-
five years. The thrust of the
current generation of
meteorological satellites is
aimed primarily at defining and
understanding the kinematics and
dynamics of the atmospheric
circulation. The ability to
achieve such objectives was
demonstrated during the Global
Weather Experiment in 1979. This
capability is now part of the
global operations of the World
Weather Watch. The existing
network of meteorological
satellites produces real-time
weather information on a regular
basis. This is acquired several
times a day through direct
broadcast from the meteorological
satellites at more than 1000
stations located in over 125
countries.

There are two major components in
the current meteorological
satellite network. One element
consists of the various
geostationary meteorological
satellites owned by Europe,
India, Japan and the United
States of America and which
operate on the equatorial belt
and provide a continuous view of
the weather from roughly 70
degrees North to 70 degrees
South. The second major element
comprises the polar-orbiting
satellites operated by the
Russian Federation and the USA.

The ability of geostationary
satellites to provide a
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continuous view of weather
systems make them invaluable in
following the motion,
development, and decay of
atmospheric phenomena. Even such
short-term events as severe
thunderstorms, with a lifetime of
only a few hours, can be
successfully recognized in their
early stages and appropriate
warnings of the time and area of
their maximum impact can be
expeditiousIy provided to the
general public. For this reason,
their warning capability has been
a primary justification for the
geostationary spacecraft. Since
around 70 per cent of the Earth's
surface is water and even the
land areas have many regions
which are sparsely inhabited, the
polar-orbiting satellite system
provides the data needed to fill-
in the gaps of surface and
atmospheric temperature profiles
over the areas not adeguately
covered by conventional observing
systems particularly in the
Southern Hemisphere and in high
latitudes both in the Arctic and
Antarctic. Flying in a near-
polar orbit, these spacecraft are
able to acquire data from all
parts of the globe in the course
of a series of successive
revolutions. With a relatively
low altitude their sensors can
acquire higher-resolution data,
both spatially and spectrally,
than can the high-altitude
geostationary satellites. For
these reasons the polar-orbiting
satellites are principally used
to obtain specific sets of
observations of three main types:
a) daily global cloud cover; b)
reasonably accurate quantitative
measurements of surface
temperature and c) most
important, the vertical variation
of temperature and water vapour
in the atmosphere. There is a
distinct advantage in receiving
global data acquired from a
single set of observing sensors.
Together, the polar-orbiting and

geostationary satellites
constitute a truly global
meteorological satellite network.
Because of the complementarity of
the information obtained from
platforms in geostationary orbit
and in polar orbit, the World
Meteorological Organization
intends to develop its
operational space-based observing
systems with both types of
satellites. In addition, the WMO
needs to maintain the ground
based system network of
observations to provide the
absolute measurements and surface
calibrations required for
accurate numerical weather
prediction.

The "basic system" of the World
Weather Watch is essential for
day-to-day weather forecasting.
But it is also one of the pillars
supporting the structure
necessary for climate research.
The breadth of the WHO mandate
also encompasses the hydrological
services of the world with their
ability to help measure and
monitor the hydrologie cycle.
The vast arrays of local,
regional and international water
monitoring networks amass
critical information on a daily
basis. There is also a need
within the WMO Hydrology and
Water Resources Programme for
remote sensing in an operational
mode and for remote sensing in of
such parameters as sediment
transport, etc.

3. WORLD CLIMATE PROGRAMME

The World Climate Programme (WCP)
generally relies for
observational data on the basic
observing systems operated under
the World Weather Watch, Global
Atmospheric Watch and related
activities complemented,
especially for its scientific
component (World Climate Research
Programme), by research observing
programmes including a wide range
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of atmospheric, organic,
hydrological and glaciological
measurements taken from the
surface or from space. The
European Remote Sensing Satellite
(ERS-I) launched and operated by
the European Space Agency is
already contributing essential
marine meteorological information
and oceanic data which find their
way into the operational
meteorological data management
system through European
meteorological services and the
European Centre for Medium Range
Weather Forecasts. Likewise, the
forthcoming French-USA TOPEX-
POSEIDON Satellite mission and
the Japanese Advanced Earth
Observation Satellite (ADEOS)
mission will further enhance the
capabilities for worldwide
oceanic observations to serve the
objectives of climate research
and the study of global change.

The WMO looks expectantly forward
to the future generation of space
platforms being prepared by the
space agencies, and the
development of new, more capable
earth observing services to
upgrade global meteorological,
oceanic and environmental
monitoring from space.
Particularly high hopes are
placed on the Earth Observing
System initiative of the USA, the
European POEM missions and
Japan's earth observation
platform programme. These and
other research satellite
programmes, together with the
basic operational observing
systems of the World Weather
Watch and the Global Atmosphere
Watch (GAW) will contribute to
the international Global Climate
Observing System (GCOS).

3.1 GCOS objectives and
organization

The World Meteorological
O r g a n i z a t i o n , t h e
Intergovernmental Océanographie

Commission of UNESCO, the
International Council of
Scientific Unions and, recently,
the United Nations Environment
Programme (UNEP) have agreed to
co-operate in organizing a joint
'•Global Climate Observing System"
(GCOS) planning activity through
a Memorandum of Understanding.

The GCOS is intended to acquire
comprehensive information on the
properties and evolution of the
earth's climate system, for
detecting climate change,
supporting climatological
applications for economic
development, and developing
climate system science and
predictions. The GCOS is
therefore meant to serve needs
for global climate data of all
components of the World Climate
Programme and also IGBP. The
GCOS will build, as far as
possible, on existing operational
and scientific observing, data
management and information
distribution systems, and further
enhancement of these systems.
GCOS will be based upon an
improved World Weather Watch
system and the Integrated Global
Ocean Services System, data
communication and other
infrastructures necessary to
support operational climate
forecasting, the establishment of
a Global Ocean Observing System
and the maintenance and
enhancement of programmes
monitoring other key components
of the climate system.

The Memorandum of Understanding
also calls for the constitution
of a Joint Scientific and
Technical Committee (JSTC) for
GCOS, to take the lead for
defining the scope of GCOS and to
provide scientific and technical
guidance to all participating
agencies regarding the planning
and implementation of the system.
In particular, the JSTC will (a)
identify observational
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requirements, define design
objectives and recommend co-
ordinated actions by sponsoring
and participating organizations
and agencies, in order to
optimize the system's performance
and coherence, taking cognizance
of the responsibilities, working
arrangements and recommendations
of established scientific and
technical bodies of such
organizations and agencies; (b)
review and assist the development
and implementation of the
components of the GCOS, and
report to the sponsoring
organizations and to the
participating agencies as
required; and (c) facilitate the
exchange of information among
sponsoring and participating
organizations and agencies and,
in general, make the objectives,
resource requirements and
capabilities of GCOS known to
relevant national and
international bodies. The JSTC
has a membership of fifteen
members plus two representatives
for each of the four sponsoring
organizations.

The first meeting of the JSTC
will take place in Geneva, 13-15
April 1992. It is expected that
the Committee will establish
guiding principles for
discharging its first task, which
is to produce an internationally-
agreed prioritized statement of
observing system requirements for
monitoring the global climate
system. This statement will be
based on inputs from the five
"user programmes: the
International Geosphere Biosphere
Programme (IGBP), the World
Climate Research Programme
(WCRP), the World Climate Data
and Monitoring Programme, the
World Climate Applications and
Services Programme, and the World
Climate Impact Assessment and
Response Strategies Programme.

4. INTERNATIONAL COOPERATION

Anticipating the tremendous surge
in sensor capabilities during the
next decade, the WHO hopes, and
indeed expects, that it will be
able to make use of and integrate
into its Global Observing System
the future programmes of the
Space Research Organizations
planned as part of the "mission
to planet earth" theme. The WHO
continuously maintains a
synthesis of its operational
requirements for satellite data,
both those that can be met in the
near future and those requiring
significant development efforts
which we cannot expect to be
fully met until well into the
next century. There is a
continuing dialogue between the
Space Research Organizations and
the WHO which helps to ensure
that our future needs will be met
by their emerging and planned
systems .

Emphasis is placed on the close
involvement of satellite
operators in the WHO mechanisms.
Two specifically mentioned
international groups in the terms
of reference of the WMO EC Panel
of Experts on Satellites are the
Co-ordination Group for
Meteorological Satellites (CGHS)
and the Committee on Earth
Observation Satellites (CEOS) .
CGMS started as an informal group
in 1972 , to co-ordinate the first
global geostationary system
amongst satellite providers. The
European Space Research
Organization (ESRO) , the National
Océanographie and Atmospheric
Administration (NOAA) of the
United States of America and the
Japan Meteorological Agency (JHA)
were founder members. The
current members of CGHS include
EUHETSAT (ESA is also
represented), India, Japan, PRC,
USA, Russian Federation and WHO.
EUHETSAT currently acts as the
Secretariat for CGHS. The CGHS
recommendations are non-binding
on Members, and are implemented
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on a voluntary basis. The
objectives of CGMS allows it: to
provide a forum for the exchange
of technical information on
geostationary and polar orbiting
meteorological satellite systems,
such as reporting on current
meteorological satellite status
a n d f u t u r e p l a n s ,
telecommunications matters,
operations, inter-calibration of
sensors, processing algorithms,
products and their validation,
data transmission formats and
future data transmission
standards; to harmonize to the
extent possible meteorological
satellite mission parameters such
as orbits, sensors, data formats
and down-link frequencies; to
encourage complementarity,
compatibility and possible mutual
back-up in the event of system
failure through co-operative
mission planning, compatible
meteorological data products and
services and the co-ordination of
space and data related
activities, thus complementing
the work of other international
satellite co-ordination
m e c h a n i s m s . T h e
intergovernmental user
organizations, in particular WMO
together with international
scientific programmes (ICSU for
IGEP, WMO and ICSU for WCRP),
have become affiliate members of
CEOS in order to enhance their
co-operation with space agencies
to develop global change data
requirements and to participate
actively in the definition of
future earth observation mission
concepts.

5. CONCLUSION

In summary, the WHO has developed
and will maintain the necessary
expertise and infrastructure to
be a mainstay in the required
research and operational
programmes for weather and
climate prediction and the
assessment of global change. Our

dependence on remote sensing
systems and techniques is large
and growing. The Second World
Climate Conference recognized the
need, in addition to the World
Weather Watch and other existing
operational systems, for a new
Global Climate Observing System.
WHO intends to play a pivotal
role in the development of this
system, to better help mankind
understand climate.
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Highlights of Earth Observation research activities of the
Commission of the European Communities (CEC) are
summarized. An account is given of the work
performed in the area of remote sensing applications
for environment and earth resources by the Joint
Research Centre of the CEC.

The CEC's role as a participant in the Global Change
Research programmes is described. Joint projects in the
field of Environment and Earth Observation between
the European Space Agency and the CEC have been
developed. An account is given of these ongoing and
proposed projects.

R&D shared cost action programmes and the Earth
Observation activities supported by other Community
policies are described. Future plans of research at the
JRC are summarized.

I1 Introduction

The evolving interests and commitments of
the Commission of the European Communities
(CEC) towards the Earth's environment and its
resources require reliable and continuous
Earth observation data and information in
order that sound decisions could be
supported.

In the texts agreed in Maastricht, the
environment has acquired full status as a
policy falling within the Political Union's
priority objectives with the reference to the
concept of sustainable development.
Environmental constraints are to be reflected
in the formulation and implementation of
other Community policies. The following
objectives will be sought: preserving,
protecting and improving the quality of the
environment; protecting human health;
prudent and rational utilization of natural
resources; promoting measures at
international level to deal with regional or
worldwide environment problems.

These objectives have been further elaborated
in the Fifth Environment Programme which
the Commission has just submitted to the
Council under the motto'Towards
Sustainability". The basic strategy is to
achieve full integration of environmental and
other relevant policies through the active
participation of all the main actors in society
(administrations, enterprises, general public)
through a broadening and deepening of the
instruments for control and behavioural
change including, in particular, greater use of
market forces.

The Fifth Environment Programme as well as
the actions translating the further
implementation of other community policies
such as Agriculture, Fishery, Development Aid,
Regional Development will constitute the
blueprint for guiding our activities in Earth
observation.

Within this framework, data from Earth
observation satellites will be extensively
utilized for providing a valuable input to the
decision making process.

In addition, if properly interpreted, such data
should provide scientists with what Leonardo
da Vinci called "The noblest pleasure, the joy
of understanding" - Understanding the Earth
System.

It is gratifying to have the opportunity to
speak about the CEC's activities in Earth
observation in such a distinguished gathering.
Mr. Luton already mentioned the cooperation
between the European Space Agency (ESA)
and the CEC. The joint ESA/CEC Working
Group on Environment and Earth
Observations (EEO-WG) has progressed very
satisfactorily. New initiatives have been taken
and partly implemented.

During my talk, I will come back to discussing
this fruitful cooperation, the importance of
which has also been outlined by the ESA's
Ministerial Meeting held here in Munich in
November 1991.

30 Ma'ch-4 '992
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Let me mention, first, that the development
and use of remote sensing applications from
satellites for the monitoring of Earth resources
and environment has remained a major goal
of the programme of the Joint Research
Centre (JRC) of the Commission of the
European Communities since the first Landsat
data became available i.e. in the mid 1970s.
Since then, the R&D effort at the JRC in
ISPRA/ltaly has steadily increased. Notably,
three factors are responsible for this
enhancement of activities. (1) The progressive
identification by the involved research
community of the new issues arising from the
interpretation of Earth observation data (2)
increasing availability of data from new
sensors and platforms and (3) growing
realization of the importance of observations
by spaceborne sensors for the study of
regional environment and Global Change.

For Global Environmental Change, it is
imperative that the Earth system is monitored
over years to decades for documenting the
changes and that the data and information
management is ensured so that such
documentation is made feasible for providing
appropriate scientific information for process
and modelling studies; It is here that the
Earth observations from spaceborne sensors
have most to offer.

H. The Earth Observation Programme of the
Joint Research Centre

The goal of the work performed at the
Institute for Remote Sensing Applications
(IRSA) of the JRC/ISPRA is to support the
Commission both in the tasks under the
Framework Programme and in those in direct
support to the Commission services. To
summarize, the general research objectives of
IRSA are :

- Evaluation of the feasibility of the
Applications of Remote Sensing to
operational problems, within the sectoriel
policies of the EC: Agriculture,
Environment, Development aid. Fisheries,
Regional Policy;

- Preparation/stimulation for the use of
European and other satellites: e.g. ERS-1,
SPOT, Landsat, NOAA;

- Development of methods for data
processing and integration of satellite data
in the Geographical Information Systems
(GIS);

In the framework of the International Space
Year (ISY), the JRC is co-leading two projects:
(1) World Forest Watch (WFW) - with
INPE/Brazil
(2) Productivity of the Global Oceans - with
NSERC/Canada.

The JRC has represented the Commission of
the European Communities in the Space
Agency Forum for the ISY (SAFISY) and the
European ISY Association (EURISY).

In addition to providing and organizing
support to the EURISY Symposium in Venice in
April 1991, the JRC hosted a major
international ISY workshop on "Ocean Colour:
Theory and Applications in a Decade of CZCS
Experience" at ISPRA, Italy in October 1991.

It is worthwhile mentioning that, in May 1992,
the JRC together with INPE, Brazil will be
organizing an International Conference on
Global Forest Monitoring in the ISY/WFW
framework; the results of which will be made
available to the UNCED in June 1992.

The IRSA's specific space application projects
include:

- Land use planning in the European
Marginal areas (classification and mapping
of forestry and natural vegetation, erosion
risk assessment, land degradation,
desertification);

- The application of remote sensing to
agricultural statistics (for regional
inventories, crop monitoring and field
indicators, yield forecast models, acreage
estimates) - the MARS (Monitoring of
Agricultural Statistics by Remote Sensing)
programme (supported by Directorate-
General of Agriculture, DG Vl and
Eurostat);

- The monitoring of vegetation in tropical
and subtropical regions (rain-fed crop
production, environmental conditions in
large river basins, biomass burning);

- The monitoring of the marine environment
(coastal upweliing, ocean Colour research).

The Earth observation data have also been
used at IRSA for providing contributions to
Global Change research notably in close
collaboration with the European Space
Agency -ESA, several ESA/CEC projects have
been developed. These are:

- TREES (Tropical Ecosystem Environment
Observations by Satellites) - the study of
tropical ecosystems dynamics at regional to
continental level, biomass burning patterns
and the impact on the atmospheric
chemistry and the modelling of forest
/climate interaction TREES project utilizes
data from NOAA/AVHRR, SPOT and ERS-
1/SAR).

- OCEAN (Ocean Colour European Archive
Network) - comprises a thorough analyses
of Coastal Zone Colour Scanner (CZCS) data
for the study of ocean primary
productivity, the carbon cycle, marine bio-
geochemical fluxes and their role in global
oceanic chemical interactions, the
modelling of marine transport processes.

Another joint project with ESA is the EARSEC
(European Airborne Remote Sensing
Capabilities) programme which involves the
development of airborne sensors (e.g.
Synthetic Aperture Radar (SAR) and Imaging
spectrometers) for operational measurements
and satellite data validation purposes.

\
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A new initiative stemming from the joint
working group with ESA is the proposal for a
Centre for Earth observation (CEO) linked to
the Global Environmental Data Network
(GEDN) of ESA. The main objective of this
joint undertaking between the CEC and ESA in
collaboration with the Member States will be
to provide an effective network for the full
exploitation of the Earth observation data
including those obtained by the spaceborne
sensors. The necessity of implementing such
an initiative on an European scale is obvious
considering the complementary initiatives of
USA (EOSDIS) and Japan and in view of the
expected staggering amount of spaceborne
data (e.g. from the polar platforms) in 1990s.
The activities of the CEO - essentially a
decentralized structure - would, thus, include
the gathering and archiving, processing,
validation and standardization of global
environmental data.

This is perhaps the most difficult yet the most
important endeavour and is related to the
concept of the Mission to Planet Earth. In view
of the unprecedented volume of data to be
expected, it is necessary to adopt a
decentralized approach for storage,
processing and other essential functions for
making the data and information readily
accessible to the users. At the same time,
however, focal points are needed for overall
coordination in order to ensure maximum
utilization of existing and new Earth
observation data. It is intended to launch the
feasibility phase for the CEC part of the CEO
during May 1992.

Finally, as regards the activities of IRSA, I am
pleased to announce the inauguration of the
European Microwave Signature Laboratory
(EMSL) on the 13th of April 1992. This unique
facility is designed to serve researchers and
users of remote sensing in the field of Earth
observation. Hopefully, this laboratory will
interalia complement and help validate the
airborne and spaceborne observations of the
Earth's surface by providing stable and
reproducible environmental conditions and
operation modes for fully controlled
experiments. The fields of application, of
EMSL will range from scientific research to
industrial applications, including, for instance,
remote sensing, traffic control, robotics in
industry, antenna and radiation
measurements and the determination of
electromagnetic compatibility of equipments.
My hope is that this European facility will be
used by the overall scientific community and
the industry.

HI. CEC R&D Shared Cost Action Programmes

So far I have focussed on the research work at
the JRC, let me now turn to the Earth
observation research supported and funded
by the CEC in the Member States through the
shared cost action or concerted action
formula. The third Framework Programme for
Research and Technological Development
(1990-1994) is formulated interalia in response
to the scientific challenges we face concerning
the Global Change issues. The supported
research activities are directed towards,
understanding of the fundamental
mechanisms of the environment,
identification of pollution sources and
assessment of their combined efforts on the
environment. These activities are also geared
towards the prevention of natural hazards
and the rehabilitation of the environment.
Fore all these research efforts the space
observations of the Earth are crucial.

Support is being provided to the European
institutions utilising Earth observation data
under four main sectors of the line
Environment of the strategic element of the
Framework Programme i.e. Management of
Natural Resources. These sectors are:
A. Participation in Global Change
Programmes; B. Technologies and
Engineering for the Environment; C. Marine
Sciences and Technologies; and D. Integrated
Research Projects.

While we are currently still in the process of
evaluation of the first wave of research
proposals under this specific programme, it
seems that all sectors should be utilizing earth
observation data.

In the sector "Participation in Global Change
Programmes", the objective is to contribute to
understanding of the processes governing
environmental change and to assess the
impact of human activities. Community
participation is concentrated on problems
which will have an impact on environment
policy and in areas where the Community is
best placed to ensure European coordination
in the framework of large international
programmes while taking account the
national programmes.

The following topics are dealt with by the
research groups of the EC Member States
performing Global Change research utilizing
Earth observation data:

a) Natural Climate Change;
b) Anthropogenic Climate Change;
c) Climate Impacts;
d) Stratospheric ozone,
e) Biogeochemical cycles interaction;
f) Ecosystem Dynamics.

\
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In the sector "Technologies and Engineering
for the Environment", the objective is to
promote better environmental Quality
standards by encouraging technological
innovation at the pre-competitive level. The
two main lines of research in this field are
environmental monitoring, including remote
sensing applications and the development of
techniques and systems to protect and
rehabilitate the environment. The
development of Earth observation
instruments would be supported, for example,
for ozone monitoring.

In the area of marine sciences and
technologies, a special effort is made on basic
know-how (including oceanography), coastal
engineering and technologies for the
exploration and exploitation of resources
whilst respecting the environment. Funding
support will be provided towards the use of
satellite data for both oceanic research and
technology components.

As far as integrated research projects are
concerned, the objective is to cooperate on
interdisciplinary research into a limited
number of areas of transnational interest.
Earth observation data could be utilized, for
instance, for the projects dealing with the
research on "desertification in the
Mediterranean" region.

It is worth mentioning that the above
mentioned research activities of the R&D
Programme of the CEC are complementary to
the activities of the international research
programmes e.g. International Geosphere
Biosphere Programme (IGBP) and the World
Climate Research Programme (WCRP) of
ICSU/WMO. They, thus, provide effective
European contribution to the objectives of
these large international programmes.

IV. Earth Observation Activities Supported
by other Community Policies

Several Directorates-General of the CEC
entrusted with the formulation and
implementation of Community policies other
than Research, provide support for Earth
observation activities. Notably, the
Directorate-General for External Relations (DG
I) is providing funding for receiving stations of
satellite data in ASEAN countries. For the
upgrading of Bangkok remote sensing station
in Thailand, a Memorandum of
Understanding has been drafted and
implementation of the supported programme
including installation of equipment will be
done in collaboration with ESA. The overall
objective is to develop EC-ASEAN cooperation
and technology transfer in remote sensing
radar technologies for applications to meet
development/environment needs and to
provide means for assessment and monitoring
of ASEAN tropical forests and management of
natural resources. In the area of fisheries, DG
I has supported a project for Morocco for the
study of oceanic upwelling utilizing satellite
data. The work was performed at the
IRSA/JRC.

Likewise, the Directorate-General for
Development (DG VIII) provides aid for the
receiving stations of satellite data in Africa
(Maspalomas, Nairobi) and South America
(Cotopaxi). In the framework of the Lomé
Convention, remote sensing activities are
supported under the projects "surveillance of
renewable natural resources in Sahel" or
"Desertification". These activities are
implemented also in collaboration with ESA.
The objective is to develop a reliable data set
from Landsat, NOAA/AVHRR and SPOT
observations in the region of West Africa.

The Directorate General for Science, Research
and Development, through its Directorate XII-
G and notably through its action within the
frame of the programme for Science and
Technology for Development (STD), is
providing support to several European groups
working in the area of tropical forest research
using remote sensing data, in addition, the
Programme of International Scientific
Cooperation (ISC) is another channel for
support in the Earth observation area. The
cooperation with Peoples Republic of China
(PRC) foresees joint projects between the PRC
and the European scientists. At present, we
are planning a joint CEC/PRC workshop on the
'Contribution to Global Change* in October
1992 to be held in Beijing, China. The focus
will be on the theme of Biosphere-
Atmosphere and Air-Sea Interactions. The
objective is to identify areas of mutual interest
and prepare joint projects involving the
utilization of Earth observation data for
Global Change studies.

- European Environment Agency (EEA).

The Council Regulation creating the European
Environment Agency was approved in May
1990 and will enter into force on the day after
the decision on its site is taken. The EEA
through its European Environment
Monitoring and Information Network could
become an important user of the space
observations. Several priority areas of EEA
programme would benefit from the use of
space observations. The Joint Research Centre
of the CEC closely collaborates with the Task
Force of the EEA to help define such
utilization of Earth observation interalia
through the activities of ESA/CEC Working
Group in which EEA Task Force is represented.

- Space Strategy and Coordination.

In 1988, the CEC published a Communication
to the Council and Parliament on Space issues
with the objective of developing a systematic
approach towards space activities and its
cooperation with ESA. As mentioned earlier,
the Commission already maintains a fruitful
working relationship with ESA.

In March 1991, the Commission, jointly with
the European Parliament organized Hearings
on the European space activities bringing
together various representatives of major
public organizations and the European space
industry.
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In order to help prepare and eventually
implement a European space policy, the
Commission has launched several studies
relating interalia to ground infrastructure and
Earth observation data policy. A report of a
panel of independent experts invited by the
CEC was recently published. This report has
produced a set of recommendations which are
bema studied in order to define and prepare a
new strategy of the CEC on space. A new
Communication to the Council and Parliament
is under preparation, which would probably
include an updated assessment of the progress
made since 1988, guidelines for the
relationship with major space organizations
and new action lines regarding CEC's future
space activities.

V. Future Plans (1994-98)

The CEC's fourth Framework Programme of
RSD is under preparation (1994-98) as well as
the revision of the Third Framework
Programme (1990-1994). The final structure of
the forthcoming relevant proposals has still to
be decided. Without prejudging such
proposals, one can already indicate that
increased funding for the Environment
programmes should be sought and that the
use of Earth observation data for global and
regional environmental issues should very
likely increase as well.

At the Joint Research Centre, in the area of
Global Change, space applications, in future,
would be utilized in order to elucidate :

- the role of the terrestrial biosphere in the
"Earth System" including investigations
related to the impact of climate and
humans on the terrestrial ecosystems as
well as the implications of surface changes
on the climate/environment;

- the role of oceans in the "Global system"
including ocean dynamics and primary
productivity of marine biota;

- rainfall measurements over tropical
land/oceans areas.

In addition, capitalizing on the ongoing and
planned remote sensing activities of the CEC,
it is foreseen to provide an effective
contribution to the IGBP Regional institutes
for Global Change Research.

At IRSA/JRC. Ispra, the activities of remote
sensing applications will be continued and/or
extended to include :

a) Monitoring of the Mediterranean
Environment by:

- Monitoring of the marine environment
utilizing historical Earth observation
data (eg : CZCS, NOAA/AVHRR) and
data from new spaceborne sensors (eg :
Sea viewing Wide field of view sensor
(SeaWifs).

- Analysis of land resources and
monitoring of land degradation
processes.

b) Agriculture and the Environment:
The investigations will interalia include
the impact of agriculture on
environment and hydrology and the
derivation of information on the
ecological conditions in a given
landscape region both within the EC
and/or in other European/non European
countries. The objective is to provide
sound information as input to an
environmental information system.

One should not close this brief outline of future
plans without mentioning the initiative of Vice
President Pandolf i, who in a recent letter to
Research Ministers of EC Member States, has
proposed to consider in close liaison with them the
possibility of promoting an overall coordination of
ongoing and future research activities on Global
Change-Thiscould become a coherent
contribution to a truly worldwide approach; two
aspects should be considered in particular; on the
one hand, the possible need for realising a
synthesis of work performed under various
auspices i.e. IGBP, WCRP and HOGEC, notably in its
cross-disciplinary aspects and for promoting
additional action, for filling possible gaps between
existing activities. On the other hand) the
desirability of stimulating more Global Change
research in developing countries themselves.

Vl . Conclusions

Aristotle (334 BC) once said "This is a cyclic world ...
Everywhere change goes on imperceptibly but
effectively. All the face of the world is changed
and rechanged in fluctuations of growth and
dissolution Although, Global Changes were
known to the ancient Greeks, the challenge today
is to understand the causes and differentiate the
natural changes from those caused by the
anthropogenic activities. The key to approaching
such complex issues is international cooperation in
Earth observation research.

In conclusion, I would like to emphasize that the
International Space Year (ISY) has certainly been
successful in providing an additional momentum
to international cooperation in the field of Earth
observation. Notably, by attracting the attention
of the general public and the decision-makers, the
ISY has provided a valuable contribution to
international cooperation in research, which
hopefully, will bear its fruits beyond 1992.

As was the case for the International Geophysical
Year (IGY), I think that the challenge in the area of
Earth observation research is now to efficiently
organize and continue the initiated cooperation.
The results of these efforts could then be used at
political, economical and social level on the globe
for developing an effective response strategy for
the preservation of our environment and the
sustainability of our resources.

The Commission of the European Communities
commends the ISY's efforts and is poised to
provide and reinforce its support towards the
proper utilization of Earth observation, while
taking into account the relevant recommendations
of the European Parliament, current development
in Community policies and the perspectives
opened by the Maastricht Treaty.
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ABSTRACT

The paper outlines the Committee on Earth Observations
Satellites (CEOS) and examines the dynamics of the
expanded CEOS with its increased focus on activities
related to global climate change. The participation of
affiliate organizations (including the WMO, IOC, ICSU/I-
GBP and WCRP) at the December 1991 Plenary is high-
lighted. The paper further focuses on the roles and current
activities of constituted CEOS Working Groups on Data
and on Sensor Calibration and Performance Validation.
The status of CEOS deliberations on Earth observation
data policy is examined. Finally, the paper elaborates on
the belief of the authors that the expanded CEOS is well
suited to carry forward and help further the legacy that has
already been well established in the myriad of Earth
observation activities associated with the 1992 International
Space Year.

Keywords: CEOS, ISY, affiliates, data exchange principles,
coordination of space-based Earth observations, global
change

L GENERAL

The increasing importance of systematic Earth observations
from space to expand and deepen our understanding of the
Earth system, as well as the call from numerous scientific
and political fora during the past few years for additional,
coordinated, space-based Earth observations to aid in the
study and monitoring of changes to the Earth system, has
heightened the awareness of those inside and outside the
Earth observation community toward the contribution that
these satellite observations provide and will continue to
provide for the benefit of humankind.

The forum for the international coordination of those
space-related, Earth observation activities is the Committee
on Earth Observations Satellites (CEOS). Policy and
technical issues, related to the whole spectrum of Earth
observation satellite missions and data received from such,
arc addressed. CEOS encourages complementarity and
compatibility among space-borne Earth observing systems
through coordination in mission planning, promotion of full
and non-discriminatory data access, setting of data product
standards, and development of compatible data products,
services, and applications.

Created in 1984 as an outgrowth of the Remote Sensing
from Space Working Group, established by the 1982
Economic Summit of Industrialized Nations, CEOS now
comprises 14 national and regional governmental agencies
with funding and program responsibilities for an Earth
observation satellite or instrument that is currently operat-
ing or in the later stages of system development. CEOS
members include space and Earth observation agencies
from Australia, Brazil, Canada, Europe (European Space
Agency and EUMETSAT), France, Germany, India, Italy,
Japan, Sweden, United Kingdom, and the United States
(NASA and NOAA). In addition, CEOS includes four
observer governmental entities with a space-based Earth
observation program in the early stages of development or
with a significant ground segment activity that supports
CEOS member agency programs: Canada, the Commission
of the European Communities, New Zealand, and Norway.

2. AFFILIATES

In 1990 CEOS adopted the successful model of the French
government's June 1990 Seminar on Space and Global
Environment and created an affiliate status to provide for
the participation of appropriate intergovernmental user and
international scientific organizations. The intention was to
strengthen interaction with these organizations and to foster
the presentation of scientific and user requirements to
satellite and instrument providers. To date, the Interna-
tional Council of Scientific Unions (ICSU) including its
International Geosphere Biosphere Program (IGBP), the
Intergovernmental Océanographie Commission (IOC), the
World Climate Research Program (WCRP), and the World
Meteorological Organization (WMO) have affiliated with
CEOS and have begun to participate in CEOS plenary and
working group meetings.

The increased interaction with the affiliated organizations
began in earnest with the December 1991 CEOS Plenary
meeting. Each of the affiliates presented an overview of
their respective programs, as they relate to space-based
Earth observations, and noted specific areas of cooperation
where enhanced interaction might be beneficial to all
parties. The affiliates agreed to develop statements of their
respective requirements for space-baseu Earth observations
and to provide these to the CEOS secretariat.

For its part, CEOS is developing a handbook of all the
CEOS agency space and ground-segment assets, both
existing and planned. The British National Space Centre,
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us the current CEOS secretariat, is spearheading this task
and has already solicited the necessary information from the
participating Earth observation agencies. They are hosting
a plenary-level meeting of CEOS members in an effort to
finalize this document at the end of April. For this meeting
the handbook will be a dossier of existing and planned
CEOS agency missions and detail the measurements to be
made. It is intended to expand the handbook to cover data
acquisition and dissemination capabilities.

In addition, CEOS accepted the invitation of the Joint
Scientific Committee of the WCRP to nominate three
experts to participate on the Joint Scientific and Technical
Committee of the Global Climate Observing System.
CEOS agencies agreed that ESA, NASA, and STA/NAS-
DA would represent CEOS agency programs on this
Committee so that the recommendations of the Committee
would be based on the full array of CEOS agency satellites
to be flown through the end of the decade and beyond.

CEOS also accepted the invitation of the WMO to partici-
pate in the Executive Council's Panel of Experts on
Satellites (ECSAT). NOAA has already begun to partici-
pate, on behalf of all CEOS agencies, in this forum.

Moreover, CEOS recently received an invitation to partici-
pate as an observer in a meeting of the IOC Committee on
Ocean Processes and Climate, an invitation which CEOS
hopes to accept for future meetings.

3. RESOLUTION ON CEOS DATA EXCHANGE
PRINCIPLES

Beyond these decisions taken at the CEOS Plenary last
December, CEOS member and observer agencies endorsed
a set of six principles relating to data exchange in support
of global change/climate and environmental research; and
they agreed to work toward implementing them to the
fullest extent possible. Principles for data exchange in
.support of other data uses beyond global change/climate
and environmental research will be developed as a next
step. The principles approved are similar to a set of data
exchange principles adopted by the IGBP and include (in
paraphrase) a call for:

• preservation of all data needed for long-term
global change research and monitoring;

• easily accessible archive information about the
data holdings, including quality assessments,
supporting ancillary information, and guidance
and aids for locating and obtaining the data;

• use of international standards, including those
generated by the CEOS Working Group on Data,
for recording/storage media and for processing
and communication of data sets;

• maximizing the use of satellite data and establish-
ing an exchange/sharing mechanism among
CEOS members as an essential first step;

• no exclusive period of data use except when the
need to provide validated data requires a limited
and explicitly defined initial period of exclusive
data use (the goal being release of data in some
preliminary form within the order of three months
after the start of routine data acquisition); and

• harmonization of criteria and priorities for data
acquisition, archiving, and purging.

Further discussion of data policy issues will be continued at
a plenary-level meeting to be hosted by CNES later this
year.

4. CEOSWORKINGGROUPS

No discussion of CEOS would be complete without provid-
ing greater detail about the recent accomplishments of its
working groups. While the CEOS principals meet at least
once a year in plenary session to give guidance to the
working groups and to address policy issues, the technical
working groups and their subgroups each meet 2-3 times
throughout the year.

The Sensor Calibration and Performance Validation
(Cal/Val) Working Group refocused its energies in 1991 to
include more activities addressing requirements of global
change. The Working Group has an active Synthetic
Aperture Radar Subgroup and is planning to establish
additional activities and subgroups in several other areas.
Of particular interest are test sites and cal/val activities
associated with visible/infrared passive optical sensors. The
group is considering methods for enhanced information
exchange among members and affiliates, including a bulletin
board, cal/val library, and cal/val newsletter. The 1991
Plenary endorsed the new orientation of the working group,
accepted its new Terms of Reference, and encouraged them
to move forward on the plan of work proposed.

The CEOS Working Group on Data was established at the
initial meeting of CEOS in 1984 to facilitate the use of data
from Earth observations missions by coordinating and
standardizing aspects of data management where possible.
This benefits CEOS members as well as the international
user community as a whole.

Working Group on Data (WGD) now has three technical
subgroups to address specific issues in detail: Formats,
Catalog, and Network-as well as one or more ad hoc
groups. In addition, WGD has established a mechanism for
sharing information among its members on ground system
technologies.

The Formats Subgroup generates user product formats
which conform to a CEOS-recommended standard, thereby
facilitating the ability to generate and read data products
that are supplied by different agencies from the same
sensor or from similar sensors on different satellites. Many
CEOS-compliant formats have been developed and accept-
ed by CEOS WGD, and member agencies have agreed to
incorporate them into ongoing data management planning.
In at least one case, all data from an Earth observation
satellite is CEOS compliant. To further such coordination,
a library of accepted formats is maintained.

The Catalog Subgroup has coordinated the development of
an International Directory Network (IDN) with Coordinat-
ing Nodes in the Western Hemisphere, Asia, and Europe.
The IDN includes both satellite and "in situ" data and
allows a user to determine how the data, along with other
supporting information, can be obtained. The subgroup has
drafted a guidelines document, "Guidelines for an Interna-
tionally Interoperable Catalogue System", that presents
recommendations for developing such a system.

The Network Subgroup addresses issues of user-to-user
communication comprising ground-to-ground networking to
deliver a variety of data including catalog (Directory,
Guide, and Inventory) information, browse and quicklook
imagery, as well as raw data sets or derived data sets.
Other coordination activities of CEOS WGD include:

• common lexicon and data dictionary
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storage and distribution media
data management strategies
a work plan for using the Advanced Very High
Resolution Radiometer (AVHRR) instrument as
a test bed for various activities within the working
group), and
specific tasks related to the Global Land 1-Km
AVHRR Data Set Project, sponsored by ESA,
NASA, NOAA, the U.S. Geological Survey and in
cooperation with the IGBP.

During this International Space Year it is gratifying that
Heads of State and senior governmental policymakers are
acknowledging the contribution that space-based Earth
observations are making, and will continue to make in the
years ahead, not only to the accomplishment of national
goals, but also to the betterment of humankind and the
Earth on which we live.

5. INTERNATIONAL SMCE YEAR

Acknowledging CEOS' enhanced interaction with its
affiliated intergovernmental user and international scientific
oiganizations, as well as the concrete accomplishments of
the CEOS working groups, others have begun to look at
CEOS as possibly the appropriate forum for international
coordination of those projects, begun under the Space
Agency Forum for the International Space Year (SAFISY)
Panel of Experts on Earth Science and Technology (ES&T),
that need to be continued after the close of 1992, this
International Space Year (ISY).

Indeed, the Second Pacific ISY Conference, which took
place in Hawaii last October, recommended that the
current set of ISY ES&T projects continue "as appropri-
atc...under the auspices of the World Climate Research
Program or the International Geosphere Biosphere Pro-
gram, and coordinated through the Committee on Earth
Observations Satellites." In addition, the Fourth Meeting
of the SAFISY ES&T in Beijing, January 29-30, 1992,
recommended that any approach for continuing activities
beyond 1992 should attempt to:

• maintain the space agency identification,

• not duplicate other ongoing activities,

• contribute to an overall purpose or goal,

• provide administration to ensure better communi-
cation, cooperation, and continuation, and

• build on the established infrastructure.

The Beijing meeting proposed CEOS as a possible existing
institution to meet these recommendations.

6. CONCLUSION

The international cooperation and coordination that has
taken place at and through CEOS has been of benefit not
only to those space Earth observation agencies that com-
prise CEOS, but also to the global community that uses
satellite data. Next month in London, in connection with
an initiative proposed to G7 Economic Summit Heads of
State by Prime Minister Major, CEOS Plenary members
will meet to document and compile a dossier on the full
array of satellite Earth observation missions for the next
decade that will aid in the study of environmental and
global change. They will then join with a group of senior
environmental officials of the CEOS countries to discuss
how these satellite missions might be of assistance to
environmental monitoring required for the detection,
monitoring, and prediction of global change. It is expected
that a joint declaration in support of space-based Earth
observations will be developed and later released at a major
international forum.
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Mission to Planet Earth (MTPE) is NASA's concept for an
international science program to produce the understanding
needed to predict changes in the Earth's environment.
NASA and its interagency and international partners will
place satellites carrying advanced sensors in strategic Earth
orbits to gather multidisciplinary data. A sophisticated data
system will process and archive an unprecedented amount
of information about the Earth and how it works as a
system. Increased understanding of the Earth system is a
basic human responsibility, a prerequisite to informed
management of the planet's resources and to the
preservation of the global environment.

INTRODUCTION

Scientific research shows that the Earth has changed over
time and continues to change. Irrefutable evidence
indicates that human activity has altered the nature of the
Earth by changing the landscape over large portions of
the Earth's surface and by altering the composition of the
global atmosphere. There are strong indications that the
rate of change is accelerating as a result of human
activity. In the quest for improved quality of life,
humanity has become a dominant force on the planet,
building upon, reshaping, and modifying nature,
sometimes in unintended ways.

MISSION OVERVIEW

MTPE is a NASA-initiated concept that uses space- and
ground-based measurement systems to provide the
scientific basis for understanding global change.
NASA's contributions Io MTPE includes ongoing and
near-term missions, new programs under development,
and planned future programs. Together, they provide a
constellation of satellites that will monitor the Earth from
space. But space-based research and monitoring are not
sufficient; a comprehensive data and information system,
a community of scientists performing research with the

data acquired, and conducting extensive ground-based
research campaigns are all companions in the mission.
More than any other factor, the commitment to make

Earth science data easily available to the research
community is critical for mission success.

FLIGHT PROGRAMS

Platforms stationed in a variety of orbits form the space
component of MTPE. There is no single orbit that
permits the gathering of complete information on Earth
processes. For instance, the medium-inclination orbit of
the recently launched Upper Atmosphere Research
Satellite (UARS) was chosen specifically because of this
satellite's focus on processes influencing ozone depletion.
Some Earth Observing System (EOS) satellites will fly in
polar orbit to provide global coverage of the atmosphere
and Earth surface. Other EOS and Earth Probe satellites
with specialized instrumentation will fly in lower-
inclination orbits for investigations that cannot be
accomplished otherwise. Early in the next century, new
geostationary satellites will provide continuous
monitoring of high-time-resolution processes on a global
basis. Each flight program has a dedicated science team,
and the data from each will be made available to the
wider scientific community on a full and open basis.

Currently Operating Platforms

The Total Ozone Mapping Spectrometer
(TOMS)/Meteor-3, launched on a Soviet meteorological
satellite in August 1991, is a U.S. instrument designed to
measure the concentration of ozone in the upper
atmosphere. Measurements from this instrument will
supplement and continue the measurements from the
TOMS instrument still operating on the NIMBUS-7
satellite launched in 1978.

I
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UARS was also launched during 1991, carrying
instruments to study the global distribution of
stratospheric ozone and other trace gases to farther our
understanding of chemical processes in the Earth's upper
atmosphere.

The Earth Radiation Budget Experiment (ERBE), a
program to investigate atmosphere heating and cooling, is
using instruments launched in 1984 and 198S on various
satellites.

In addition to these dedicated research missions, NASA
scientists conduct research using data from satellites
operated by the U.S. National Oceanic and Atmospheric
Administration (NOAA), its counterpart environmental
monitoring agencies around the world, and the U.S.
Department of Defense (DOD).

Under Development

The TOPEX/Poseidon Program (with France) is
currently scheduled for launch in mid-1992. It is an
ocean topography experiment to study ocean circulation
and its influence on the global environment.

The Shuttle Radar Laboratory (SRL) and the
Atmospheric Laboratory for Applications and Science
(ATLAS) will deploy advanced spaceborne instruments
on NASA space shuttle missions in 1993 and beyond.

Radarsat is a Canadian program for which NASA is
supplying a launch in 1995. The satellite will carry a
synthetic aperture radar instrument particularly valuable
for studying the Earth's polar regions.

The Earth Probes Program, composed of specialized
satellites that address specific Earth science needs, is a
major component of MTPE. Earth Probes began flying
in 1991, with satellite launches every 2 to 3 years.

The Sea Wide Field Sensor (SeaWiFS), scheduled for
launch in 1993, is an ocean color sensor to study ocean
productivity and interactions between the ocean and the
atmosphere.

Additional copies of the TOMS instruments will fly on a
NASA explorer-class satellite in 1993 and on Japan's
Advanced Earth Observation Satellite (ADEOS) in 199S
to ensure the continuity of vital global ozone
measurements.

The NASA Scatterometer, an instrument which will
study the ocean's surface to determine wind patterns and
air-sea interaction, will also be launched on Japan's
ADEOS satellite in 1995.

The Tropical Rainfall Measuring Mission (TRMM) is a
joint program with Japan, scheduled for launch in 1997.
TRMM will make extensive measurements of
precipitation in tropical regions, the heat engine for
global climate, which cannot be time-sampled adequately
from polar orbit.

The centerpiece of NASA's contributions to MTPE is the
Earth Observing System. EOS will consist of six series
of polar and mid-inclination orbiting satellites for
long-term global observations of the Earth's land,
biosphere, atmosphere, and oceans, which combined with
satellites from Europe and Japan will form a
comprehensive international monitoring system. EOS
and its partner programs will establish an internationally
planned observing capability, providing scientists with a
15-year record of information on the major Earth system
processes.

The program's plan involves the development and
operation of remote-sensing instruments and
interdisciplinary research investigations using data from
these instruments. EOS science objectives are focused
on advancing knowledge on each of the fundamental
physical, chemical, and biological phenomena that
govern and integrate the Earth system.

Future Plans

The Geostationary Platform Program calls for a
constellation of five satellites that will make continuous
observations over the same geographic areas to permit
intensive study of both daily variability and changes over
longer time periods. Much as geostationary weather
satellites track storm systems today, these platforms will
monitor dynamic short-term phenomena that cannot be
observed from polar or low-inclination orbits. The
science objectives for the Geostationary Platforms focus
on understanding short-term processes necessary to build
adequate physical and dynamical models of global Earth
systems.

Unlike the EOS and Earth Probes Programs,
Geostationary Platforms will require the design and
development of new technology. NASA plans to proceed
with definition activities leading to the launch of the first
Geostationary Platform after the turn of the century.
Future geostationary research satellites may assist with
the planning and development of the next generation of
geosynchronous weather satellites. Preliminary technical
discussions on establishing this global research capability
in geostationary orbit are underway with other agencies.

Additional Earth Probes are also planned as a continuing
series of small, less expensive missions for highly
focused studies of specific global Earth processes. The

t
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most likely candidate for the next Earth Probe new start
is Applications and Research Involving Space
Technologies Observing The Earth's field from Low
Earth orbiting Satellite (ARISTOTELES), a possible joint
mission with ESA to provide high-resolution, low-altitude
measurements of the Earth's surface, including
topography.

DATA AND INFORMATION SYSTEM

The EOS Data and Infovmation System (EOSDIS) is
designed to serve as NASA's primary Earth science data
management and application system until well into the
next century. As such, it will link all the NASA space-
based research elements of MTPE. The EOSDIS will
facilitate ready access to the program's information on a
timely and non-discriminatory basis, and interfaces to
interagency and international networks and systems will
link it to the entire global change community.

EOSDIS is being designed through competitive studies by
industry with substantial contributions from the scientific
community. EOSDIS will provide computers for
NASA-sponsored EOS scientists, ensuring that the
scientists complete and deliver to NASA useful
procedures for processing instrument measurements into
meaningful information. The system will be
implemented in an evolutionary fashion, thus allowing
for changes in data processing as more is understood
about the instruments and about how the Earth works as
a system.

NASA will be responsible for designing and operating
EOSDIS to produce standard products. The agency will
archive the data in the short term, and then transfer some
of the responsibility for long-term data management to
partner agencies. The land surface data from EOS, for
example, will be processed and archived in Sioux Falls,
South Dakota, at the U.S. Geological Survey (USGS)
Earth Resource Observation Data Center, which now
houses the U.S. Government's archive of Landsat data.
NOAA will manage a portion of the oceanic and
atmospheric data in a similar arrangement.

NASA will tie EOSDIS to a larger Global Change Data
and Information System (GCDIS) within the United
States. Every Government agency with daia of interest
to the global change community is participating in the
design of this cooperative effort. Building on existing
and planned agency systems, the GCDIS will connect
each agency's catalog systems, quality assurance
methods, procedures, and common services, and provide
a comprehensive directory of existing data and
information products.

NASA is working with NOAA and other satellite
operators and data processors to establish common
approaches for data formats, directories, sensor
calibration, documentation, network connections, and
other key issues. Many agreements are in place for data
exchange, and negotiation for additional agreements is
underway. This process of agreeing on standards and
availability is critical for enabling scientists to exploit the
wealth of new information that will be available to them.

Each participant in MTPE will provide research access to
the data on easy, affordable terms as a condition for
participation. The commitments will be formalized in
agreements currently under discussion. U.S. government
policy states that data will be provided to global change
researchers for the marginal cost of fulfilling the specific
user request. Current plans call for the subset of data
desired by the operational environmental monitoring
community to be distributed without charge. Each
participating nation will have the right to define terms for
access to data from its sensors for commercial use.
NASA will encourage all nations to contribute their
research efforts to the collective endeavor, including
nations that are not spacefaring, as a quid pro quo for
low-cost access to MTPE data.

INTERDISCIPLINARY RESEARCH EFFORTS

Only by studying the Earth as an integrated system can
scientists begin to understand the complex relations
among its unique phenomena. NASA has always funded
research in specific Earth science disciplines that
contribute to a detailed understanding of individual
processes. One of the objectives of MTPE is to forge
new alliances among scientific disciplines, to require
scientists to enter into truly interdisciplinary teams that
address global issues.

When viewing the Earth, scientific instruments aboard
spacecraft are not limited to making observations of
value to only one specific discipline. These instruments
view an ensemble of processes that typically require
teams of specialists to understand the elements and their
interactions. Physical, chemical, and biological
processes connect the oceans, continents, atmosphere,
and biosphere in a complex way. A complete
understanding of these elements requires that they be
studied in isolation and in interaction with other Earth
processes.

The EOS program is an excellent example of the kind of
scientific cooperation envisioned for MTPE. NASA
selected 28 teams of researchers for EOS studies
specifically to investigate interdisciplinary questions.
The goal of each study is to develop an accurate
understanding of the parameters that control one or more
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global processes. Based on this understanding, the
studies will develop quantitative models of the processes,
test this knowledge against empirical measurements, and
provide a means for predicting the future course of these
processes.

The importance of the science component cannot be
overstated. To achieve its goals, MTPE must obtain the
long-term data scientists need and make them available to
all users. The program will produce global maps of
surface temperature, precipitation, soil moisture, clouds,
forest, desert, atmospheric ozone, and other parameters
and processes required to understand the state of the
Earth and to detect any patterns of change. Hundreds of
scientists will participate, including the next generation
of Earth scientists, many of whom will be trained and
supported under NASA Earth science fellowships.
MTPE meets the challenge of fostering a new generation
of Earth system scientists.

INTERNATIONAL COORDINATION

Leaders of all nations require an accurate assessment of
global change issues. Developing an international
scientific consensus on the causes and course of future
global change will require a comprehensive and
well-coordinated program of scientific research and
global observations. To meet this challenge, researchers
from around the world must work together to increase
their understanding of how the Earth works as a system,
to enhance the prediction and management of change.

Space agencies worldwide are addressing the general
technical barriers to increased international coordination
and data exchange. The primary forum for multilateral
international coordination of MTPE is the Committee on
Earth Observations Satellites (CEOS). The membership
of CEOS has recently expanded, and the group is
concentrating on coordinating the requirements of
international science programs such as the International
Geosphere-Biosphere Program (IGBP) and the World
Climate Research Program (WCRP) with the observation
plans of space agencies.

CEOS Working Group on Data activities include efforts
to agree on common data formats for similar sensors
flying on different satellites, intercalibration of data from
different sensors, increased coordination of instrument
validation, and development of international data
directories. The CEOS Working Group on Calibration
and Validation is engaged in coordination of planning for
instrument calibration and validation campaigns.

NASA is cooperating with space agencies in France, the
U.K., Canada, Germany, Italy and Russia on early flight
programs within MTPE, and with Japan in several of the

Earth Probe flight programs. Selection of instruments
for EOS and its associated programs has been
coordinated between the partner agencies (from Japan,
Europe, and Canada) to ensure a proper balance of
capabilities to meet overall scientific objectives. These
partners are now working on mission management,
common instrument interfaces, and data policy
arrangements, among other issues, to ensure that the
international suite of observations is well-planned and
mutually supportive. The degree of coordination already
achieved offers an excellent foundation for expanded
international participation in MTPE.
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ABSTRACT

"Mission to planet earth" can be considered as the one of the
two main space activities in the 21st century along with
Mission from Planet Earth. One of the most significant
scientific assessments for the global environment problem
so far is "Climate Change", the IPCC Scientific Report. The
expected characteristics of the remote sensing are discussed
based on the IPCC report. NASDA's current activities is
reviewed. And the necessary measures for promoting
"Mission to Planet Earth" in the future are discussed.

1. PREFACE

The President of the National Space Development Agency of
Japan (NASDA) has been remarking that the
accomplishment of space technology has advanced
tremendously in the last quarter century. Past dreams have
become part of our every-days life: meteorological images
from geostationary satellites, space communications and
satellite broadcasting. Now we are at the threshold of
devoting ourselves to the new space missions: the Mission
to Planet Earth, and the Mission from Planet Earth.
It is, therefore, a timely opportunity for us to present
"NASDA's Earth Observing Programs and the Contribution
to Resolving Global Environment Problems."

2. GLOBAL ENVIRONMENT PROBLEMS AND MISSION TO
PLANETEARTH

Global environment problems and Mission to Planet Earth
have been discussed at many occasions. One of the most
significant scientific assessments so far is "Climate
Change, the IPCC Scientific Assessment"(lPCC report).
Climate Change is considered as the primary global
environment problem. It entails almost all the global
environment changes within the atmosphere, ocean, land,
and polar region.

According to the IPCC report;
(1) Global warming is for the following reasons:
- There is a natural greenhouse effect which already keeps

the Earth wanner than it would otherwise be.
- Emissions resulting from human activities are

substantially increasing the atmospheric concentrations
of the greenhouse gasses: carbon dioxide, methane,
chlorofluorocarbons (CFCs) and nitrous oxide. These
increases will enhance the greenhouse effect.

(2) Current model results predict the global warming effect
below:

- Under the IPCC Business-as-Usual scenario for emissions
of greenhouse gases, the rate of increase of global mean
temperature during the next century will be about 0.3'C
per decade (with an uncertainty range of 0.2*C to 0.5'C
per decade). This is greater than that seen over the past
10,000 years (Fig. 1 and 2).

- Land surfaces warm more rapidly than the ocean, and high
northern latitudes warm more than the global mean in
winter.

- Regional climate changes differ from the global mean,
although our confidence in the prediction of the details of
regional changes is low.

- Under the IPCC Business-as Usual emissions scenario,
average rate of global mean sea level increase will be of
about 6 cm per decade over the next century (with an
uncertainty range of 3 to 10 cm per decade), mainly due to
melting of polar's ice and SOITK land ice.

(3) There are many uncertainties in the predictions, due to
our incomplete.understanding of:
- Sources and sinks of greenhouse gasses which affect

predictions of future concentrations.
- Clouds, which strongly influence the magnitude of climate

change.
- Oceans.which influence the timing and patterns of climate

change.
- Polar ice sheets which affect predictions of sea level

increase.

(4) To improve our predictive capability, the following are
needed :
- Understand better the various climate-related processes,

particularly those associated with clouds, oceans and the
carbon cycle.

- Improve the systematic observation of climate-related
variables on a global basis, and further investigate
changes which took place in the past.

- Develop improved models of the Earth's climate system.
- Increase support for national and international climate

research activities, especially in developing countries.
- Facilitate international exchange of climate data.

From the IPCC report, we can derive the expected
characteristics of satellite remote sensing data.
(1) Global Warming is a subtle phenomena so that it cannot
be directly detected by satellite remote sensing. Satellite
data should be used for computer simulations with verified
mathematical models. The simulation results should then be
compared with the actual climatic phenomena. Through
these processes, the satellite data can eventually become
useful for global wanning predictions.
(2) Global warming proceeds rather slowly. Satellite data
should be reliably maintained for a long lime.
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(3) Global wanning is an integrated phenomena consisting
of several global cycles: including water cycles, energy
cycles and carbon cycles. Satellite data should be global and
data should be so processed as to indicate global cycles.
(4) Satellite data are expected to reveal previous unknowns
and contribute to our understanding of global change.

3. STATUSOFNASDA1SEARTHOBSERVINGPROGRAMS

3.1 Geostationary Metenrnlngical Satellite (GMS)
The CMS series has been developed to contribute to
improving Japan's meteorological services and developing
weather satellite technology. The satellites have been used
for the World Meteorological Organization's World Weather
Watch Program.
The first satellite in the series, GMS-I was launched in July
1977. GMS-4 is now being operated by the Japan
Meteorological Agency. GMS-S is currently being
developed by NASDA and will be launched in 1994.

3.2 Marine Observation Satellite (MQS)
MOS-I was launched in 1987 and MOS-Ib, in 1990. The
mission objectives of the MOS satellites are to establish
fundamental technology for earth observation satellites and
to observe the earth, in particular the oceans with
instruments in the visible, infrared, and microwave regions.
NASDA is presently operating both MOS-I and MOS-Ib
beyond the designed life time.

3.3 Japan Rarth Resources Salellite-1 (JRRS-I)
JERS-I was launched in February 1992 to verify functions
and performance of optical sensors and synthetic aperture
radar, for observing the earth resources. JERS-I is now
under going initial checkout of the whole satellite system.

3.4 Advanfgri Faith flhserving Satellite (ADF.OS)
The Advanced Earth Observing Satellite (ADEOS) is now
being developed. The purposes of ADEOS are to contribute
to "Global Change", and engineering test for the future large
scale Earth observing system. Eight Instruments on
ADEOS will observe the Earth:
(1) Ocean Color and Temperature Scanner (OCTS) provided
by NASDA.
(2) Advanced Visible and Near-Infrared Radiometer (AVNIR)
provided by NASDA.
(3) NASA Scatterometer (NSCAT) provided by NASA/JPL
(USA)
(4) Total Ozone Mapping Spectrometer (TOMS) provided by
NASA/GSFC(USA)
(5) Polarization and Directionality of the Earth's
Reflectances (POLDER) provided by CNES (France).
(6) Inierferometric Monitor for Greenhouse Casses (IMG)
provided by Ministry of International Trade and Industry of
Japan (MITI).
(7) Improved Limb Atmospheric Spectrometer (ILAS)
provided by Environment Agency of Japan (EA).
(S) Retroreflector in Space (RIS) provided by EA (Japan).

ADEOS has a 3-year mission life and a sun-synchronous
orbit. It is subrecurrent with an altitude of 800 km,
inclination of 98.6 deg., period of 101 min, and recurrent
period of 41 days. ADEOS is scheduled for launch in 1996,
(Fig. 3)

3.5 Tropical Rainfall Measurement Mission (TRMM)
TRMM is a joint project of Japan and USA. A joint study
with NASA has been conducted since 1987. The purpose of
TRMM is to establish technology for the measuring tropical
rain fall and to contribute to global change monitoring
using sensors such as the Advanced Very High Resolution
Radiometer (AVHRR), Special Sensor Microwave Imager

(SSM/I), Electronic Scanning Microwave Radiometer
(ESMR), Cloud and Earth Radiant Energy System (CERES),
and Rain Radar (RR).
NASDA (Japan) will provide the Rain Radar, and NASA
(USA) will provide other sensors and will develop the
TRMM satellite. The orbit of TRMM will be non-sun-
synchronous at an altitude of 350 km and an inclination of
35 deg. TRMM will be launched by H-II rocket in 1996.
(Fig. 4)

3.6 Receiving Processing, and T>isirihutin£ the Farth
Observation Data
NASDA has been receiving and processing various earth
observation satellite data since 1978. We are now receiving
Landsat, SPOT, MOS-1/MOS-lb, ERS-I, and JERS-I.

4. NASDA1SFUTUREEARTHOBSERVINGPROGRAMS

In order to undertake the future Earth observing programs,
coll.iboration with global environment scientists and space
agencies worldwide is essential.
We have been undertaking several activities with Japanese
scientists: production of the environment data set from
MOS-I; a study on the scenario of Earth observation, post
ADEOS. We will cooperate on JERS-I, ADEOS and TRMM
with scientists worldwide at international symposia,
international workshops etc. I think that the cooperations
with international scientific bodies, such as International
Geosphere, Biosphere Program (IGBP) and Earth
Observation - International Coordination Working Group
(EO-ICWG), will become essential to contribute the global
change problems.

We have been also discussing several key issues with space
agencies through the Committee of Earth Observing
Satellites (CEOS) and EO-ICWG. The issues which have
been coordinated are the selection of the instruments, data
policy, the Data and Information System (DlS) and so on.
Based on the observations hitherto, we shall take the
following measures.

4.1 Satellite Development and TjniTifft
We shall develop and launch both ADEOS and TRMM in a
timely manner. Data from both satellites are anxiously
awaited by scientists worldwide.
For the post-ADEOS/TRMM period, we are going to define
follow-on missions by close consultation with scientists
and space agencies for both sun-synchrounous and non-
synchronous missions. (Fig. 5)

4.2 Global Environment Flata<;p,f

Satellite data applied to global environment problems
should be highly processed, and sufficiently and
scientifically verified. These data should also be integrated
globally and over a sufficiently long time. These data or the
assembled data are called the Global Environment Dataset.
In the area of International Space Year (ISY) activities, we
have started to produce several global environment data sets
from MOS-I. These are Sea Surface Temperature, Polar Ice
Extent, and Vegetation Map.
We have already organized Mission Team for ADEOS and
TRMM to prepare for producing the environment datasets.
Both Japanese and International scientists have joined the
Mission Team.

4.3 Data Policy
In order to apply the satellite data to the global environment
problems, data policy must be established. Through the
international coordination bodies, such as CEOS and EO-
ICWG, the guideline that the scientific researchers will have
access to the data at the marginal cost of reproduction and

I
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distribution has been strongly endorsed. We will distribute
data to scientific researchers in accordance with this
guideline.

4.4 Data Management
In the future a tremendously large volume of data will be
available from NASA EOS, ESA POEM, NASDA ADEOS and
so on. in order to manage the distribution of such a large
volume of data, an international coordinated Data and
Information System (DIS) will become essential, and both
commonality and compatibility of data will be necessary.
We have already established the International Directory
Network (IDN) with NASA and ESA. We will maintain and
expand this network and play the role of the international
node in the Asia Pacific region. (Fig. 6)

4 S Iniernalinnal Collaboration in Asia-Pacific Region
'!"he global environment problems interrelate to the regional
environment problems in Asia Pacific region. Many
countries in this region are now so much interested in
varieties of environment and land use problems: tropical
forest watch, natural disaster prevention, cartography, and
so on. Because of the insufficient social infrastructures and
their immense territories, there exists strong desire of
applying remote sensing technology to their welfare.
NASDA has already established, with close cooperation with
National Research Council of Thailand (NRCT), the MOS-I
Thailand ground station. NASDA and NRCT have verified
the usefulness of the satellite remote sensing technology for
the regional environment problems in the tropical region.

Very recently Japan held the Pre Asia-Pacific ISY
Conference in Tokyo. This conference is the first gathering

of the representatives from fourteen national space agencies
in this region. In the conference it was recognized by both
space-faring countries and non space-faring that bringing up
experts and technology transfer are two crucial elements for
the future cooperation on satellite remote sensing programs
in this region. One very important question was raised, how
to transfer the user's requirements for the future space remote
sensing missions to the space agencies on a global base. It
was agreed by the participants that some form of exchange
of information should be continuously held to elaborate
international cooperation in space remote sensing
programs. The outcome of this conference is to be reported
at the Asia Pacific ISY Conference in November '92.

In order to response the strong desire from Asia Pacific
countries, NASDA will expand the capability of the data
receiving and processing at the MOS-I Thailand ground
station and will support the reinforcement of the capability
of the receiving and processing the satellite data in other
countries in this region. To bring up experts and to transfer
the technology, NASDA will organize varieties of seminars
and trainings in this region.
I am strongly confident that the evolution of space remote
sensing activities in the Asia Pacific region will contribute
to resolving global environment problems.

5. CONCLUSION

Global environment problems are the most urgent subject
for humankind. The role that space agencies should play
will be essential. We will therefor devote ourselves to
"Mission to Planet Earth" in close cooperation with
scientists and space agencies worldwide.
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Fig. 1: Related temperature rise above 1765
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CANADIAN EARTH OBSERVATION PROGRAM

Dr. Garry M. Lindberg/Ms. Lyn McNuR

Canadian Space Agency (CSA), Research and Applications Sector
Ottawa, Ontario, Canada

ABSTRACT

This paper discusses the Earth Observation programs supported by the
Canadian Space Agency (CSA). These include the RADARSA T Program, the
development and operation of the Wind Imaging Interferometer (WINDII) on the
Upper Atmosphère Research Satellite (UARS), the development of the
Measurement of Pollution in The Troposphere (MOPITT) instrument, and the
operation of a ground receiving network covering most of North America. In
addition, the paper describes CSA-sponsored activities undertaken as part of
the Space Agency Forum of the International Space Year (SAFISY): the
Interactive Global Change Encyclopedia, GEOSCOPE; the electronic atlas of
North Atlantic Productivity, part of the Productivity of the Global Ocean Project;
and the Canadian Ozone Experiment (CANOZE 7) and the International NO,
Intercomparison Experiment, both part of the Polar Stratospheric Ozone
Project.

Keyword*: E*rth Obiervetion, RADARSAT, WINDII1MOPITT, GEOSCOPE,
CANOZE, CZCS

2. MAJORMISSIONS

The major mission currently planned in Earth Observation from apace
is the RAOARSAT program. Scheduled for launch in 1995.
RADARSAT will play an important role in the continuity of SAR data for
studying the global environment, and in the advancement of SAR
technology to allow increased flexibility ir> the method of data collection
and the amount of data which can be obtained.

The RADARSAT satellite will provide operational SAR coverage during
a critical period in the late 1990s. The C Band SAH will be able to
obtain data over a wide range of incidence angle» (20 - 50*) for the
standard modes, and the extended and low incidence beams will
extend the range (10 - 60*) (Raney etal.. 1991). Figure 1 illustrates
the geometry of these beams and their characteristics.

Figura 1. RADARSAT SAR characteristics.
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1. INTRODUCTION

The Canadian Space Agency (CSA) parfcipates in a complete Earth
Observation (EO) from Space program which consists of: Major Earth
Observation Missions, development and operation of space instruments
to measure Important geophysical parameters, data acquisition
covering almost all of North America, and applications of Earth
Observation data for Programs such as the Space Agency Forum of
ISY (SAFISY). This program involves several departments within the
CSA, as well as other federal government agencies. The major EO
Program under development is RADARSAT, an advanced Synthetic
Aperture Radar (SAR) system which will be capable of global imaging
of key areas in all weather conditions. Instruments include the Wind
Imaging Interferometer (WINDII) on the Upper Atmosphere Research
Satellite (UARS) and the Measurements of Pollution in The
Troposphere (MOPITT) instrument planned for flight as part of the U.S.
Mission to Planet Earth Observing System (EOS). Both instruments
measure atmospheric parameters and are being developed by the
Space Science Division of CSA. The CSA also provides support to the
Canada Centre for Remote Sensing (CCRS) in its operation of two
receiving facilities at Prince Albert, Saskatchewan and Gatineau,
Quebec. The SAFISY Programs are conducted jointty with other
federal government departments and are all programs within the Panel
of Experts on Earth Science and Technology. The Projects include the
generation of algorithms to analyze EO data, calibration of EO
instrumentation, and development of teaching aids to visualise the
effects of Global environmental change. Future planning includes the
continuation of the development of each of these elements, and lakes
into account the need for advanced technology and applications as part
of an international effort Io utilise EO data from space. Each of these
elements of the CSA EO program is described below.

Mode
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Fine Resolution
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(Wide)
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1
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4
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Angle (del)

20-49
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31-39

37-48

20-40
20-49
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10-23
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In addition to the flexibility of the swathwidth coverage, RADARSAT will
have two other important attributes: 1) there wiH be up to 28 minutes
of SAR imaging time available per orbit; 2) the satellite will be
equipped with two onboard tape recorders allowing data collection in
areas not directly covered by a satellite receiving station.

The RAOARSAT satellite will provide potential access to global
monitoring data every 24 days or less, depending on the latitude of the
target and the choice of swath (McNuM and Alexander, 1991). Since
the sensor has a wide variety of imaging options, users can access
data at different sampling frequencies, with different resolutions and
swathwidths matched to user needs. The system will be calibrated for
a standard 100 km, 28 m resolution, 4 look image, thereby offering
users the first opportunity Io perform rigorous cross-comparisons of the
data for the extraction of key geophysical parameters over time
(Rarey, et al.. 1991 ). In addition the dawn-dusk orbit will enhance the
duty cycle of the satellite allowing for a maximum of 28 minutes of SAR
operation per orbit, increasing the amount of data which can potentially
be gathered. Figure 2 shows the three-day coverage possible in ihe
Arctic and in South America using the ScanSAR mode.

Figure 2. RADARSAT SAR coverag» lor th» Arctic and South America.
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The RADARSAT Project is supported through funding partnerships with
the United States, Canadian federal and provincial governments and
the private sector. NASA will provide the launch services and operate
a reception and archival facility in Fairbanks, Alaska. NOAA will
facilitate Ihe distribution of the data in the US. and conduct Pilot
Projects for applications in support of its mandate. The private sector
partner is RAOARSAT International (RSI) which has the right to
distribute data and to request SAR acquisition. In turn, RSI will help
develop the international market for RADARSAT data (Raney, el al..
1991).

3. INSTRUMENT DEVELOPMENT

3.1 TtM Wind Imaging Interferometer (WINDII)

WINDII is one of two instruments aboard the Upper Atmosphere
Research Satellite (UARS) responsible for measuring atmospheric
winds by sampling the atmosphere in the range 80 -110 km, extended
at times to 310 km. WINDII uses light emissions from the "airgtow", a
belt of weak light blanketing the earth in the upper regions of the
atmosphere, to derive and create maps of winds and temperatures in
the upper atmosphere (Shepherd, el al.. 1992).

The key component of the WINDII instrument is the Micnelson
interferometer which converts selected narrow airgtow emission lines
into phase shifts of the wave signal. A CCD camera located behind
the interferometer records a sequence of four images of the air glow
emission layer viewed edge-on, just above the Earth's atmosphere.
The CCD surface is divided into pixels, each recording a signal
corresponding to the portion of the atmosphere being viewed. An
internal fitter divides the signal into atmospheric emission lines at
specific wavelengths corresponding to the attitude of the atmosphere
being viewed and the emissions of atomic oxygen, molecular oxygen,
the hydroxyl radial, and ionised atomic oxygen (table 1).

Tabla 1. Summary of Atmospheric Emission Lines.

Wavelength

557,7 nm

630.0 nm

732.0 nm .

734.1 nm

736.9 nm

763.2 nm

Species

0(1S)

0(1D)

0'(2P)

OH P ,(2)

OH P ,(3)

0/P(7)

Altitude (Day)

100 - 200 km

180 -300 km

150 - 310 km

not observable

not observable

100 - 200 km

Altitude (Night)

90 -110 km

220 - 300 km

not present

80- 90km

80- 90km

90 -100 km

The scientific contributions of the WINDII instrument are:

measurement of vertical profiles of horizontal wind velocity and
temperature of the neutral atmosphere over an altitude range
of 75 km to 315 km and over a latitude of 73* N to 73* S.

measurement of the global distribution of small, waveKke
structures in the atmosphere.

analysis of the wind and temperature dependence on the
environmental balance in the atmosphere.

determination of the interaction between neutral atoms and
charged ions in the ionosphere

examination of atmospheric response to disturbances such as
magnetic storms and aurora.

synergism with other UARS sensors to investigate the
interaction between different layers of the atmosphere.

WINDII is a collaborative effort between the CSA and the Centre
national d'études spatiales (CNES) in France. The Principal
Investigator is Dr. Gordon Shepard, York University, Canada. WINDII
was launched on UARS on 12 September 1991 and has a planned life
of five years. As of the end of March 1992, WINDII has obtained
approximately 2.5 million images.

3.2 Measurements of Pollution In Tht Troposphere (MOPITT)

MOPITT uses correlation spectroscopy to measure information on the
distribution of atmospheric carbon monoxide (CO) and methane (CH4).
Concentration profiles of CO will be obtained globally at a resolution of
about 22 km horizontal by 3 km vertical. The CH4 win be derived over
the sunlit side of the orbit. Measurements of these two constituents win
then be assimilated into models to study the chemistry and dynamics
of CO, CH4, and as well as other lower atmosphere constituents
(Drummond, 1992).

1
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The measurement of CO profiles is of primary importance in efforts to
improve our understanding of the global system. Measurements of
CH1 provide important information on background atmospheric
chemistry, but perhaps more importantly, knowledge of the column
distribution together with dynamical data may lead to a quantitative
understanding of bkxjeochemical cycles (Drummond, el al.. 1992).
Methane is increasing at a rate of about 1% per year, but the source
of this increase is not clear. MOPITT measurements may provide
improved knowledge of the sources and their distribution and help
resolve these uncertainties. Table 2 shows a summary of the expected
MOPITT measurements.

Table 2. MOPlTT Measurement Summary.

Tables. GEOSCOPE DitabaM».

Parameter Measured

Spectral Range

Attitude Range (km)

Vertical Resolution (km)

Horizontal Resolution (km)

Temporal Resolution (sees)

Estimated Precision

CO
profile

4.7 um

0-15

3-4

22x22

0.4

10%

CO
column

2.4 um

-

-

22x22

0.4

10%

CH4

column

2.3 um

-

22x22

0.4

1%

MOPITT is planned for flight on the EOS AM-1 platform scheduled for
launch in 1998. The instrument development is being managed by the
CSA Space Science Division; the Principal Investigator is Dr. James
Drummond, University of Toronto, Canada.

4. SPACE AGENCY FORUM OF THE INTERNATIONAL SPACE
YEAR(SAFISY) PROJECTS

The CSA currently sponsors several SAFISY projects with other
Canadian federal government departments: the Atmospheric
Environment Service (AES) of the Department of Environment (DOE);
the Canada Centre for Remote Sensing (CCRS) of the Department of
Energy Mines and Resources (EMR); and the Department of Fisheries
and Oceans (DFO). All the projects are part of the Panel of Experts
on Science and Technology.

4.1 The Interactive Global Chang* Encyclopedia: GEOSCOPE

GEOSCOPE is a key project of the ISY's Global Change Outreach
Program. Its development was sponsored by the CSA and
implemented under the direction of Dr. RéJean Simard of CCRS. The
objective of the project is to demonstrate the utility and importance of
EO data in monitoring the global environment. GEOSCOPE is digital
and includes interactive graphics which allows the user to have hands-
on experience in visualising the effects of global change by presenting
maps and charts of key geophysical parameters. The database
contains satellite imagery, thematic maps, vector-based data,
photographs, socio-economic data and animated sequences.

The global data in GEOSCOPE provides worldwide coverage for more
than thirty parameters. The regional data cover continental and more
local areas to illustrate phenomena linked to global change, such as
deforestation and desertification. Numerous agencies have contributed
data for inclusion in the GEOSCOPE data base: NASA, NOAA,
SAFISY, the United Nations Environment Program, the World Resource
Institute. NASDA, Spotlmage, EROS Data Center and DLR. Table 3
lists some of the data available to the user in the GCE.

GEOSCOPE operates on PC compatible computers equipped with
DOS, and will be available on diskettes and CD ROM optical disks.
The software accompanying GEOSCOPE allows users to display and
manipulate the data using basic image processing and spatial analysis
functions. The software is provided with GEOSCOPE as part of the
package and includes user and data manuals. The first release of the
GCE is planned for November 1992. The purchase cost will be as low
as possible to maximise the distribution and use of this learning tool
around the world.

Global Data

Regional Data

Socio-economic Data

vegetation indexeozone concentration «soil
classeseetovation and bathymetryeHoMridge
life ZODM, with double CO1

concentratontglobal circulation modal*sea
ice extenutectonic plate* and
earthquakesemetaorology and
climatesemajor deltas ephyloplankton
concentratkxievector-based chart of the
World generalised data»

rainfall for Atricaevegetation greeness index
for North Americaturban growth in
Montrealetorest evolution in Zaire, Bavaria,
China, Amazon, etc.eLatin America climate
datacel NiftoeSpot images of Kuwait, China,
Brazil and Bangladesh.etce

more than 240 variables for 170 countries
from the Work) Resource Institute

4.2 Th* Polar Stratospheric Ozone Project

The CSA helps support two AES efforts to study polar ozone and the
global distribution of nitrogen oxides. The former is the Canadian
Ozone Experiment (CANOZE), and latter the International NO2

Intercomparison. Both are part of the Polar Stratospheric Ozone
Project of the ISY.

The CANOZE 7 Project is being carried out by the Experimental
Studies Division of AES to investigate the Arctic Stratosphere from
" • NwT during the winters of 1991/2 and 1992/3. The purpose of
this project is to study the mechanisms for ozone depletion at high
northern latitudes in winter and early spring. Depletion of the
protective ozone layer is believed to be associated with polar
stratospheric clouds (PSCs) that form within a cold polar vortex. The
PSCs are composed of aerosols which are thought to affect the
concentration of ozone. Measurements will be made of the vertical
profiles and column amounts of a number of stratospheric constituents
including ozone, nitric acid and nitrogen dioxide. In addition, sondes
will be flown to detect the presence of Polar Stratospheric Clouds.
The experiments will take measurements in three phases: first, in early
December, prior to the appearance of the PSCs; second, in January
and February, when the polar vortex is usually well established end
PSCs have formed: third, in March when the vortex breaks up, PSCs
dissipate and stratospheric chemical reactions are influenced by solar
radiation. As part of this ISY project, AES purchased the Brewer
ozone/sulphur dioxide/nitrogen dioxide instrument which is being used
on Mt. Kobau as part of the International NO2 Intercomparison.

The International NO2 Intercomparison Program is sponsored by the
WMO, and is a step toward instituting a global measurement system
for nitrogen dioxide similar to that which is in place for ozone. Detailed
knowledge of the global distribution of nitrogen oxides and their
seasonal behaviour is an important part of understanding the chemistry
of the stratosphere. No global scale monitoring program has been
initiated to date, although a number of countries have made routine
measurements of NO2 for several years. In the near future NO2 win be
monitored regularly around the world by a network of stations proposed
by the WMO and NASA, called the Network for the Detection of
Stratospheric Change (NDSC). The Mt. Kobau intercomparison win
provide information on the standardisation of measurement scales for
observations made by different groups and countries using different
types of spectroscopic equipment.

4.3 Productivity of the OCOM

The Department of Fisheries and Oceans, with support from the CSA,
has produced an atlas of North Atlantic Productivity through analysis
of historical data from the Coastal Zone Colour Scanner of the North
Atlantic. The analysis was conducted jointly with Dalhousie University
and Bedford Institute of Oceanography which developed algorithms to
classify the CZCS data into North Atlantic productivity. In this study the
data are assembled into monthly productivity maps showing the
seasonal variations of plankton concentrations in the North Atlantic.
The data have been assembled into an electronic database and win be
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distributed as part of the ISY Global Ocean Productivity and
GEOSCOPE data sets.

5. INTERNATIONAL COOPERATION

Canada has always pursued international partners to enhance
cooperation in EO programs. As an Associated Member of ESA,
Canada participates in the ERS-I and 2 Programs, the Earth
Observation Preparatory Program (EOPP), and the Polar Orbiting Earth
Monitoring (POEM) Preparatory Program. In the near future, the CSA
wiH also participate in the POEM-1 Program, and will consider
participation in other optimal EO projects. Joint scientific projects
conducted with ESA include South American Radar Experiment
(SAREX) '92 Program to map the rainforests in South America with
SAR data.

As mentioned above, MOPITT and WINDII will fly on NASA platforms,
and NASA and NOAA participate in the RADARSAT Project. Their is
also a close scientific relationship between Canada and the US for
these and other projects. For example, Canada has two
interdisciplinary science programs as part of EOS: the Cryospheric
System for Monitoring Global Change in Canada (CRYSYS) and the
Northern Biome Experiment (NBIOME). Another significant joint effort
is the Boreal Forest Program - BOREAS.

6. THE GROUND SEGMENT

CCRS operates a ground segment to collect data for Canadian
research and operations. Canada is uniquely situated so that coverage
of most of North America can be obtained from the two reception
facilities at Prince Albert, Saskatchewan and Gatineau, Québec.
RADARSAT data will be received at both Gatineau and Prince Albert,
and archived at Gatineau. Through agreements with other agencies
and through joint participation in international programs, Canada
receives data from the following satellites: NOAA AVHRR, ERS-1,
MOS-1, JERS-1, Spot, Landsat. and EXOS-D.

7. THE LONG TERM SPACE PLAN

The CSA has begun to prepare a new Long Term Space Plan for
Canada to commence in 1993 and look outward to the year 2020. The
new plan, when approved, will establish the continuity and new
directions to the program described above. Currently, eight working
groups, involving more than 120 experts from government, university
and industry, are preparing comprehensive technical proposals for
consideration for inclusion in a submission to Parliament for approval
in late 1992.

The major thrusts of the EO Program will be similar to those described
here: major missions, instrument development, calibration and
validation, operation of a ground reception network, and development
of Pilot Projects and Scientific programs. New elements might include
RADARSAT follow-on satellites to ensure data continuity or other major
missions, and development of a Canadian Data Network (CDNet) to
provide access to and from the important environment and satellite
information data bases in Canada as part of a global information
network.

(Thtn/a go to VM tollamng for thtir contributions: AES: H. Ttunisun; CCRS: L.
Brontlfin, P. Si/mnt CSX: »:-C. Durand, K. Kendo»: DFO: H. Ed»l; Univtnily of
Toronto: J. Drummond).
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The British space programme, managed by the
British National Space Centre, is focused
primarily on the Earth Observation missions of
the European Space Agency. The UK national
programme complements our ESA participation by
funding Announcement of Opportunity instruments
and preliminary technology development. We also
seek to sensitise "users" to the services which
can be provided from space. Major challenges lie
ahead in the area of data handling. The UK views
data as a resource with a "value": but the
international exchange of research data must be
encouraged. Data must also be held in a form
which is accessible and comprehensible to a
variety of inter-disciplinary users.

The British space programme is the responsibility
of the British National Space Centre. The Centre
is not a space agency on the moael of CNES or
DARA. It is a partnership which integrates the
civil space interests of the Department of Trade
and Industry, the Department of the Environment,
the Ministry of Defence, the Foreign and
Commonwealth Office, the Cabinet Office, the
Meteorological Office, the Science and
Engineering Research Council and the Natural
Environment Research Council. Space funding
comes from the budgets of the individual
partners. But the expenditure is coordinated by
BNSC which aims to harness the energies of the
total UK space community and to achieve the best
value for money from UK space activity. Because
of its broad-ranging membership, the BNSC is
well-placed not just to assist with the
development of space technology but to emphasise
the reality that, besides being a field of major
scientific research, space is a mechanism which
can be put to work to address the needs of an
increasingly large pool of users.

Earth Observation is the centrepiece of UK space
policy. This is accompanied by a strong
commitment to the programmes of the European
Space Agency. There are no national UK Earth
Observation missions. But, besides providing
Announcement of Opportunity instruments for ESA
missions, the UK does look for AO openings, where
appropriate, on non-ESA missions.

It follows that the essential thrust of UK Earth
Observation policy is to seek significant roles
in the relevant ESA missions, to give ESA full
support in exploiting those missions to best
effect and to view national UK activity as
complementary to the aims which ESA has set
itself.

The UK is fortunate in having a strong tradition
in the disciplines and techniques of space
science which enabled us to secure an early
reputation in the development of remote sensing
satellite instruments. This has been coupled
with scientific strengths in océanographie,
atmospheric and ionospheric sciences both in our
universities and establishments such as the
Rutherford Appleton Laboratory, and in the
institutes of the Natural Environment Research
Council. The UK has also acquired significant
expertise in the scientific techniques of
modelling complex atmospheric and océanographie
systems.

We have accordingly been able to participate
fully in the debates on the selection of
instruments for ERS-I, ERS-2 and the first ESA
Polar Platform mission. We have appreciated the,
increasingly effective, efforts to coordinate
instrument choices as between the major space
agencies of the World through mechanisms such as
the Committee on Earth Observations Satellites.
But, inevitably, the core instruments selected by
ESA and other space agencies can only partially
address the vast range of issues on which we
require to broaden our knowledge in the area of
climate, environmental and atmospheric studies.
So the UK has been active, through its Research
Councils, in identifying particular areas of
study to be addressed through nationally-funded
Announcement of Opportunity instruments.

eefl'̂ ys o' the Central S;, mposium of !he International Space Year' Conference Held <n Munich Germany 30 March-4 April 1992
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Within the UK, the selection of instruments has
reflected the disciplines in which the UK has
particular strengths. A number of proposals have
been successful in a rigorous process of peer
review, both by the UK Research Councils
nationally, and by ESA and KASA at the time or
mission selection. At the present time, the
Along Track Scanning Radiometer (ATSR) is flying
on ERS-I. This provides measurements of sea
surface temperatures which are significantly more
accurate than hitherto. This knowledge is of
course crucial in understanding the energy
transfer between oceans and atmosphere. The UK
has also provided the Improved Stratospheric and
Mesospheric Sounder (ISAHS) (and contributed to
the Microwave Limb Sounder) for the NASA UARS
mission which is mapping the chemistry and
dynamics of the stratosphere. Future missions
will fly a number of UK provided instruments. An
advanced ATSR is proposed for the first ESA polar
platform mission. On NASA missions instruments
that have been selected are HIRDLS, SAFIRE and
EMLS. HIRDLS will provide vertical and
horizontal data on stratospheric chemistry and
temperature. It will measure, inter alia,
concentrations of ozone, nitrogen dioxide,
nitrous oxide and CFCs. EMLS will also measure
chemistry but will focus on chlorine destruction
of ozone.

The UK is very gratified to be playing its part
in this way (and through its participation in
ESA's missionsJ in what will become during the
1990s one of the largest and most exciting
programmes of international scientific
collaboration ever undertaken. The effort to
understand the environment and climate systems of
Planet Earth is beginning to catch the public
imagination. There is a political impetus behind
this recognition of the unique vantage point
which space can offer in deepening our
understanding of the interaction between ocean,
ice, land surface and atmosphere.

The concept of putting space to work has other
manifestations in the context of Earth
Observation. The UK has a strong interest in the
potential of satellite remote sensing for
operational purposes including commercial and
scientific activities. We believe that one of
the main functions of ESA's Earth Observation
missions is to develop and demonstrate
technologies which will subsequently be employed

for revenue-earning services commissioned by
customers who have a specific need for the data
and services which this technology can provide.

The UK's national programmes of technology and
applications development undertake work in
preparation for the roles which the UK will
occupy in ESA missions and then aim to exploit to
best effect the opportunities which ESA missions
have created. The UK has, for instance, a major
interest in the technology of synthetic aperture
radar which is one of the keys to the commercial
and operational systems of the future. One of
the applications of SAR which is much talked of
at present is the development of a capacity to
monitor arms control verification through the use
of satellites. An exercise in foresight is
required to see just how such a requirement could
best be met.

ESA itself is an R&D organisation and we do not
feel that ESA will wish to become a long-term
operator of revenue-based services. Behind us
now, we have the model of the successful
transition from R&D development by ESA in the
field of satellite communications to operational
systems run by EUTELSAT. A similar transition
has occurred in meteorology with the
establishment of EUMETSAT as the entity to
conduct, and fund, operational meteorology in
Europe, using ESA as a contractor. We expect
that, in due course, a comparable transition will
occur in Earth Observation. An entity with
direct responsibility for the longer-term
monitoring of climate, atmosphere and environment
will emerge to take over responsibility for
defining and operating future missions. It may
still be possible for ESA to act as contractor to
this entity: but the "customer" would define the
requirement and pay for operations on a normal
customer/contractor basis. One of the major
challenges in the next few years will be to
initiate international discussion on just how
this entity is to be brought into being and how
it is to be enabled to exercise this intelligent
customer role. In this respect, the BNSC
benefits by having the UK Department of the
Environment as one of its Partners. It will be
for the relevant Government Departments to
determine just what environmental information
they wish to have collected on a systematic and
long-term basis in order to inform public policy
decisions. And that requirement will in turn



1455

1

translate into the commissioning of
satellite-based environmental monitoring systems.

One of the greatest challenges in relation to
Earth Observation will be to manage the volume of
data which Earth Observation missions will
create. The interface between the raw data
stream from the satellite and the ultimate data
"user" will be critical. That interface role
will be filled in the UK by the Earth Observation
Data Centre (EODC) located within the National
Remote Sensing Centre (NRSC) at Farnborough. The
EODC is the main reception point in the UK for
raw remote-sensing satellite data from ESA
missions and acts as one of ESA's four processing
and archiving facilities: these together
constitute a distributed system for managing the
data flow from ERS-I and eventually ERS-2 and the
Polar Platform.. The EODC will have a particular
ESA responsibility for SAR data. The basic task
of the EODC will be to process incoming data up
to a level that users can understand and work
with. This is widely known as level two or
single pass, single instrument data.

The development of the market for Earth
Observation data is, in the UK's view, one of the
most crucial aspects of Earth Observation policy.
We all know the potential applications like
minerals prospecting, mapping, ship routing, crop
management, monitoring environmental pollution,
town planning etc. But it has to be demonstrated
that space can serve these needs in a more
cost-effective way than other technologies. The
UK Government has accordingly decided to transfer
the National Remote Sensing Centre to a
private-sector consortium (led by British
Aerospace but also comprising a number of space
firms) to run as a commercial venture. It is
recognised that the market will not develop
overnight and that full commercial
self-sufficiency will take some time to obtain.
For a number of years the Government will
therefore provide the NRSC with a degree of
financial support, but this will be by reference
to a business plan which envisages a steady
growth in revenues so that Government support can
be terminated after about six years.

The question will be asked: how relevant is all
this talk of market development to the use of
Earth Observation data for scientific research?
Surely, it will be argued, if Governments are

making this massive effort to put Earth
Observation programmes in place, the data which
they generate should be "free" to scientific
researchers. The trouble is that there is no
such thing as "free data". In this area, the
data is fabulously expensive to acquire and
costly to process and make available to users.
The "user" - be he scientist or value added
entrepreneur - will best be able to judge the
value of data if he is exposed to the cost. Thus
the UK Government's general approach is that all
users of space-derived data, particularly data
like that from SAR which has a number of
applications, should pay a price for it which
reflects the cost of providing it. Initially
prices would be based on the marginal cost of
processing, but the ultimate aim is to work
towards a pricing structure which will also
reflect space segment cost.

We recognise that other countries, and notably
the USA, believe that satellite-derived data
relevant to research into global environmental
change, should be provided at minimal cost to
bona-fide researchers and that the relevant costs
should be borne by space-related budgets. The
USA favours full and open sharing of global data
sets for all global change researchers. The UK
recognises the necessity for the international
interchange of data relevant to research in
global environment and climate change. We are
participating actively in discussions within the
Committee on Earth Observations Satellites to
find the basis for an agreement which will both
preserve the "user pays" principle and promote
scientific research on the environment and
climate change. One possibility is that, in
countries which favour a charge-based regime,
research budgets might be used to facilitate a
certain level of use by researchers accredited
through a process of peer review. In this way
scientists will receive data 'free of charge';
but the responsible funding agency will have made
a value judgement on the merits of the science
proposed.

We will also have to guard against the risk of
data indigestion due to the enormous growth in
data currently envisaged. These data will need
to be processed, archived, and networked. We
shall need internationally-agreed standards to
ensure that data can be meaningfully
interchanged. One self-evident point is that

I
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data must be maintained in an understandable
form. It must be genuinely accessible to
research users from a wide variety of
disciplines, including those who come at the
question of global environmental change from the
perspective of its social and economic
implications. Data sets which are impenetrable
except to a number of cognoscenti provide a bad
return on the cost of acquiring them. We must
ensure the data is both usable and used if we are
to make the most of the opportunities in front of
us.

users (and the variety of their needs) is
enormous. That reality should condition the way
we develop the task of nurturing the user base.
The UK looks forward to developing systems which
will address this reality and exploit the
European Earth Observation effort to best effect.

All of this will represent a major challenge as
regards computer handling capacity, algorithm
development and IT systems. Data is a resource
to be managed intelligently - and not a mere
by-product. The UK Government will be active in
constructing, and in arguing for international
cooperation over, mechanisms to take full
advantage of the resource which data represents.
The task may be ungl amorous by comparison with
space hardware but it will be one of the keys to
success. The UK has taken an important first
step by establishing a national facility to act
as the national centre of a network giving access
to all data holdings in the UK relevant to global
environmental change. This will include
space-derived data. We look forward to the
creation of comparable facilities elsewhere so
that a genuinely international network can begin
to evolve.

Training of new scientists who will eventually
utilise the data should not be disregarded.
National and international efforts are needed to
stimulate and enhance the community of users.
This will involve training for existing people to
make them aware of, and able to utilise,
satellite data in their existing disciplines as
well as expanding the user base through increased
opportunities at graduate level.

In the area of network creation, cataloguing,
standard setting and facilitation, there appear
to be major advantages in working at a European
rather than national level. There is an
important potential role for the European
Community. But equally, there are tasks which
will be best done through a distributed system
which gets as close as possible to the data users
themselves. Because of the vast numbers of
disciplines and interests involved, the number of
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THE CONTRIBUTION OF THE ITALIAN SPACE AGENCY TO THE
ESTABLISHMRENT OF SPACE SERVICES FOR THE CHANGING EARTH

Luciano GUERRIERO

Italian Space Agency, Rome

ABSTRACT

The ASI activities in the field of Earth
observation are briefly reviewed. As for
the space segment, most activities refer to
the participation in European international
programmes. However, national activities at
both satellite and instrument level also
are pursued. The ground segment activities
include operations of facilities for remote
sensed data processing and archiving, and
for Space Geodesy, as well as technological
developments and support to the national
scientific community. An Earth Observation
World Information Centre is being defined
in cooperation with the other G7 countries,
in response to the user needs for easy
access to the worldwide system of data
centres and networks being deployed by the
most industrialised countries to faoe t.ht;
Global Change problem.

1. INTRODUCTION

The "Agensia Gpasiale Italiana" (ASI) has
been set-up by the Italian Parliament in
June 1988 to take over the administration
of the National Space Plan (PSN), which
includes both the national activities
previously managed by the National Research
Council (CNR), and the participation in ESA
programmes. ASI is submitted to the
supervision of the Ministry of University
and Scientific and Technological Research
(MfJRST) and to the general policy
established by the Interministériel
Committee for the Economic Planning.

The present overall activity covers nil
fields of space technology and has been so
far dominated by the large programmes
inherited from the previous PSN (e.g., the
domestic telecommunication satellite
ITALSAT, the X-ray astronomy satellite SAX,
the Shuttle-born Tethered satellite, the
space tug IRIS, the geodetic satellite
LAGEOS II,...). Earth observations were
initially supported with a low profile, the
main aim being to organise the national
scientific community and to develop the
basic industrial capabilities.

More resources are being devoted by ASI to
Earth observation as long as they become

available as a consequence of the
progressive accomplishment of the major
initial programmes (ITALSAT is now
operational and all other satellites
mentioned above will be in orbit before the
end of 1994). However, it is not a
priority for ASI to attempt developing a
national remote sensing satellite, as it is
felt that the Earth observation user
community is at worldwide rather than
national scale, and that, nowadays, a
significant contribution to the Global
Change problem requires large-scale and
long-term programmes rather than
limited-scope, one-shot missions as it
could he afforded by a single, medium-size
State. Therefore, the ASI effort in Earth
observation is centred on th* support to
international programmes, particularly
European, either as direct participation or
in response to Announcement of
Opportunities; and many other national
initiatives are considered as preparatory
or complementary to this main objective.

As a difference from other applications of
space technology, Earth observation is
characterised by an extremely wide but
poorly aggregated user community. The ASI
effort in Earth observation includes
supporting the development of the user
community into higher aggregation levels,
by promoting multi-disciplinary approaches.
Recently, in response to statements coming
from various circles, particularly the G7
Summit, ASI has acted as convenor of an
initiative to establish information
services for the worldwide user community,
particularly new-comers such as developing
countries.

This paper shortly reports about, the list,
and status of the various ASI initiatives
in Earth observation, also enlightening the
industrial capability which has been
developed in both the space and ground
segments.

2. ACTIVITIES IN THE SPACE SEGMENT

As anticipated, most of the Italian
activities in the space segment is
represented by the contribution to European
international programmes. ASI is directly
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responsible of the Italian participation to
ESA programmes, but it should not be
forgotten that Italy also participates to
all ElJMETSAT activities, under the control
of the Italian Meteorological Service.
National Earth observation satellites only
refer at present to Space Geodesy, but
conceptual studies of other missions have
also been and are being made. Instrument
developments are carried out, either in
response to A.O.'s, or in preparation of
future advanced missions.

?.. 1 Participation in ESA programmes

Italy supports all ESA Earth observation
programmes, as listed below.

The EARTHNET programme includes both basic
activities and support to the other
individual optional Earth observation
programmes of the Agency. Italy is in
favour of expanding the level of ESA
resources devoted to EARTHHET, and is
preparing provisions to support the ESRIN
site expansion in the Frascati area. An
enhanced role of ESRIN within the overall
ESA structure is strongly solicited by
Italy.

Within the I.ASSO/METEOSAT P2 programme, the
LASSO Coordination Centre for
time-synchronisation sessions is located in
Fuoino.

Jn the EKS-I programme, the main
responsibility of Italian industry is based
on the leadship of the Radar Altimeter.
Special contribution is placed on the
ground segment, with the provision of SAR
and LBR data acquisition and Fast-Delivery
product processing in Fucino, and of a
Processing and Archiving Facility in
Matera.

Tn the ERS-2 programme, the responsibility
of Italian industry is extended to the
leadership of GOME (Global Oaone Monitoring
Experiment).

EOPP performs the preparatory activities
and the definition phases, inclusive of
Phase A, for all future Earth observation
programmes, including:

* ARISTOTELES: system-level responsibility
for Italian industry is envisaged;

* Meteosat Second Generation, to provide
EUMETSAT with the prototype of the
geostationary satellites to replace the
present MOP and the MTP transition model;

* enabling technologies for missions after
the year 2000: Italy is mostly interested
in SAR and Lidar technology development,
as well as high-resolution spectroscopy
in the optical bands;

* campaigns for instrument simulation,
algorithm development, calibration and
validation, often organized together with
the CEC Joint Research Centre in Ispra.

In the POEM-I Preparatory Programme, the
responsibility of Italian industry is
centred on the leadership of the Advanced
Radar Altimeter (RA-2) and the

Multifrequency Imaging Microwave Radiometer
(MIME). Minor participation in other
instruments (e.g., MERIS) is included, and
substantial participation in the ground
segment definition study is envisaged.

In the POEM-I programme, now open for
subscription, Italy is looking forward to a
high quality participation. It is
envisaged to confirm the leadership of RA-2
and MIMR and the participation in MERIS and
possibly other instruments; and to increase
the role of Italian industry in the ground
segment. The confirmation of the
accommodation for IASI (see below) is
essential, and the problem of an early
flight opportunity for MIMR has to be
solved. If more resources for Earth
observation become available within the
overall ESA budget, Italy will favour the
development of advanced SAR's exploiting
more frequencies, polarizations and viewing
angles. If the POEM-I scenario is
restructured as a consequence of increased
resources, the requirement for the
provision of a prototype of the EUMETSAT
Polar System (EPS), also embarking
instruments for operational climatology,
would be met at best.

2.2 National satellites

LAGEOS II is a co-operative programme with
NASA for the development of a second
geodetic satellite to improve the
performance of the worldwide system for
measuring the motions of the Earth's
surface. Its main parameters are:

* orbit: 5900 km height, 52 deg inclination;

* satellite: spherical shape,
diameter, 408 kg mass;

60 cm

* payload: 426 corner-cube retroreflectors
for laser ranging;

* launch: mid 1992, by means of Shuttle and
the Italian-made space tug IRIS.

LAGEOS III is being studied in cooperation
with NASA as an addition to LAGEOS II to
improve the overall performance of the
worldwide laser-ranging system. Simulation
experiments by means of the GEODYN code are
under way.

Other national remote sensing satellites
are considered not as an alternative to ESA
programmes, but rather in synergism with
ASI initiatives in the infrastructure
field. Two families of missions are being
considered:

* making use of the medium-size 3-axis
stabilised platform developed for SAX
(e.g., the industry proposal for ECOSAT);

* making use of the Italian project to
improve the SCOUT launcher for small
payloads, to be exploited in the context
of the S.Marco ground infrastructure.

2.3 Instrumentation

X-SAR is a
DARA/DLR and

cooperative
NASA/JPL to

project with
develop the X

t
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component of a multi-parameter SAR facility
(SIR-C) to be flown on Shuttle in 1993 and
1994. Follow-on missions are being
considered. A satellite model was
originally foreseen to be flown on a
dedicated mission, EOS/SAR, now delayed to
an indefinite time by NASA. The setting-up
of a European long-term SAR development
strategy by ESA is a strong requirement
from Italy, preliminary for any
consideration of near-term advanced SAR's
(such as ASAR) within the framework of
POEM-I.

Studies for 2nd generation SAR's have been
carried out. One deals with flexible
observing geometries (variable swath and
viewing angle); another with SAR
interferometry, for instance by using the
Tethered satellite concept, or through dual
frequency. A super-compact, SAR is being
defined for the CASSINI mission to Titan.

IASI (Infrared Atmospheric Sounding
Interferometer) is a joint development with
CNES to provide the meteorological
community (as represented, for instance, by
EUMETSAT) with improved accuracy and
vertical resolution of the basic
temperature and humidity sounding mission.
It will also be the only instrument on
POEM-I to provide nadir scanning in the
infrared with high spectral resolution,
thus able to monitor a few key green-house
trace gases in the troposphere. The flight
opportunity on POEM-I is .however still to
be confirmed.

SAFIRE (Spectroscopy of the Atmosphere
using Far Infrared Emission), is a
cooperative project with NASA/I.angley and
the Rutherford Appleton Laboratory. It
will scan the stratosphere and mésosphère
in limb mode, in the only spectral region
where, together with an impressive number
of trace gases, the OH radicals (perhaps
the most chemically active species) can be
detected. Unlike other limb sounders
working in the ultraviolet, visible, near
and medium infrared, SAFIRE would use waves
long enough to be nearly insensitive to
particulated materials injected into to
stratosphere by explosive volcanic
eruptions (see the present experience with
Pinatubo, which is progressively blinding
many UARS instruments). The recent NASA
restructuring of the EOS programme has
delayed the SAFIRE flight, originally
planned with EOS-B, to an indefinite time.
The case therefore comes for ESA to
consider the matter within the European
context.

3. ACTIVITY IN THE GROUND SEGMENT

Ground operation for Earth observation
satellites is a long-standing activity in
Italy, starting from the late 60's for
meteorological data acquisition by the
Italian Meteorological Service and the
early 70's for Landsat acquisition by
Telespasio at the Fucino space centre. A
wide-spread scientific community has been
developed around these activities, yet to
be properly organized and oriented towards
large-scale objectives. This is the
present task for ASI.

3.1 Operational activities

Most ASI operational activities related to
Earth observation are located in Matera.
Other infrastructures such as the
Trapani-Milo balloon range and the S.Marco
range in Malindi could in future play an
important additional role for Earth
observation.

The Space Geodesy Centre in Matera is
active since 1983 as part of the worldwide
network to monitor the crustal motions. It
exploits:

* a laser-ranging system for I.AGEOS and
other satellites (STARLETTE, AJISAI,...);

* a 20 m antenna for
Interferometry).

VLBI (Very Long Base

* the Global Positioning System (GPS) for
time synchronisation and geodetic network
control.

The Processing and Arc-hiving Facility (PAF)
controlled by EARTHNET within the ERS-1/2
programme is also located in Matera. It is
specialised in regional (Mediterranean)
services, including SAR image production.
It has been designed with extended scope as
compared with the minimum PAF requirements:
the ASI plan is that the centre complies
with all requirements from (at least) the
national scientific community, referring to
all available Earth observation data from
space, and the necessary ancillary
i nformati on.

3.2 Technological developments

EMMA (Elaboratore Multi-Mini Associative)
is an advanced architecture for intensive
data processing. It is being used in the
Matera PAF for SAR image processing.

VDS (Video Display System) is an advanced
facility for interactive image handling, to
be used either in a host-supported
configuration or as a stand-alone work
station.

A wide range of technological developments
is associated with the Space Geodesy
programme, including advanced laser-ranging
systems, VI.BI cross-correlators and various
techniques to exploit GPS systems such as
NAVSTAR and PRARE for the purpose of Space
Geodesy.

3.3 Support to the scientific community

The Italian scientific community working
with Earth observation data is extremely
wide, but with very scattered objectives,
due to the lack of a national space
programme until the late 70's. ASI is
making provisions to polarise this
scattered community around large-scale
objectives and promote international
cooperation as well as knowledge tranfer
between research and industry.

The Pilot-Project of Remote Sensing was the
first CNR/PSN initiative in the field of
Earth observation, and is now running since
over 10 years, progressively adapting its
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'•(intents. It consists of a mosaic of
coordinated studies and industrial
activities intended to:

* promote the production at pre-industrial
level of satellite-derived geophysical
parameters for multi-disciplinary use;

* advance the use of those satellite data
which are not yet mature for standardized
applications;

* provide ASI with ideas about new sensors
to be developed to meet future needs.

ASI is supporting the national research
teams involved in international A. O.
investigations. At present, the main
A.O.'s deal with ERS-I, X-SAR/5IR-C and
LAGEOS II.

ASI is also supporting the Italian
participation in the various campaigns
being organized by ESA, CEC/JRC and NASA to
simulate sensors, develop algorithms and
provide for calibration and validation of
satellite data.

ASI «apports the participation of Italian
scientists in instrument teams set-up by
ESA and NASA, as well as by ASI itself in
the framework of its instrument development
projects.

4. THE USER INFORMATION SERVICES

The review of ASI activities in the space
and the ground segments enlightens the
attempt of Italy to contribute to the
worldwide international effort being
deployed to face the Global Change problem.
However, in the last couple of years, the
need to establish the necessary interfaces
with the user community has become more and
more focused. The Paris Seminar on "Space
and Global Environment (June 1990) and the
Houston G7 Summit (July 1990) had made
specific; recommendations, which were well
received by the Italian Government, who has
entrusted ASI to convene an initiative
aimed at ensuring that the user aspect is
properly addressed by the G7 countries. An
Expert Group has met twice in Rome (June
1991 and January 1992), defining the
concept of an "Earth Observation World
Information Centre".

systems.

4.2 The functions

In order to achieve its objectives, EOWIC
will work directly and/or through relevant
organizations to:

* collect and distribute information on
availability, access terms and handling
requirements of data relevant for Global
Change studies, and provide access to
relevant networks and information
systems;

* provide guidance and support to actual
and potential users to promote the full
exploitation of relevant Earth
observation data bases;

* contribute to the tranfer and sharing of
knowledge about Global Change activities;

* monitor and report on user requirements
and progress in data use.

4.3 Status of the project

At the January meeting of the Expert Group
a number of actions to implement the
definition phase of EOWIC were identified.
The definition phase will be implemented
with the contributions of specialized
agencies of the G7 countries and relevant
international organizations, under the
animating role of ASI, and will include:

* a large-scale survey of user requirements;

* a survey of data centres and networks, to
identify the necessary user interfaces;

* the analysis of the results, aimed, i.a.,
at identifying the optimal level of task
distribution between a possible central
facility and the data centres which will
contribute to the implementation of the
EOWIC concept.

The timeframe of the definition study is
compatible with a decision to proceed with
the implementation in the occasion of the
2nd-next G7 Summit (Tokyo, 1993), after an
intermediate verification at the next
Summit (Munich, July 1992).

4.1 The EOWIC objective

The objective of the Earth Observation
World Information Centre (EOWIC) is to
ensure that the general user community has
available all the information necjessary Ko
access and use the various centrer; and
networks establ ishecj to archive and
exchange data relevant to the study and
monitoring of Global Change. It will
particularly address those users (e.g.,
from developing countries) who are not
ordinarily closely associated with the
development and operation of those complex

b. CONCLUSION

This short review shows the willingness and
the capability of the Italian Space Agency
to contribute to the international effort
in the field of Earth observation, in
support of facing the Global Change
problem. It is evident that ASI privileges
the participation in international
programmes, particularly within ESA, or at
least bi-lateral or multi-lateral
arrangements, rather than purely national
efforts. The attention payed to the user
aspect will be a constant attitude.
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OPENING SPEECH CHAIRMAN OF THE IISL/ECSL SESSION ON LEGAL
PROTECTION OF SATELLITE REMOTE SENSING DATA

W. THIEBAUT
ESA DEPARTMENT OF LEGAL AFFAIRS

Ladies and Gentlemen,

It is a great pleasure for me
to welcome you also on behalf
of Mr. Lafferranderie, the
Chairman of ECSL, who can not
attend this meeting due to
personal reasons.

This session, which is
jointly organised by the
International Institute of
Space Law of the
International Astronautical
Federation, the IISL, and the
European Centre for Space
Law, the ECSL, is a legal
session, notably the only one
at this European ISY
Conference, and will address
the "Legal Aspects of the Use
of Satellite Remote Sensing
Data in Europe".

We have a number of
distinguished speakers who
will address the various
aspects of the legal
protection of remote sensing
data this morning. Not only
are European players
represented but also the
American point of view and
the user point of view as
represented by a UNESCO Staff
member.

Before I introduce the first
speaker to you, I would like
to give a few thoughts to the
reasons for organising this
Session and the importance of
the legal aspects of remote
sensing for the future
development of this space
activity in Europe and
abroad.

We all know, and this is
reflected in the theme of the
International Space Year, the
role satellite remote sensing
plays for the gathering of
information concerning the
changing climate of the earth
environment and the
monitoring of these changes.

However, remote sensing has
many more applications and
can serve for example urban
planning, agriculture,
natural disasters, routing of
vessels, and engineering
companies for exploring
natural resources etc.. All
these different interests
present an economic value and
thus a market for the
products which can be derived
from the raw data and present
a national security interest.

These applications and the
space segment are the results
of years of research &
development of space hardware
and imaging techniques for
sensing the earth from outer
space. Research which was
amongst others carried out by
the European Space Agency and
other international space
research and development
organisations.

This research has not come to
an end, on the contrary, in
the near future a number of
national and international
projects are to be
established. To be mentioned
for example; the ERS 2, SPOT
3 and 4, the POEM platform,
JERS-2, Landsat, MOP and GOES f J

f*,
D'oceea<"£s o- the Cenfa/ Symposium of the 'International Space Year Conference HeIa m Munich Germany 30 March-4 April 1992
'ESA SP 34! JiA !9921



1 .•

1464

Satellite projects.

Now this remote sensing
technique is maturing, we can
expect a continuity of
satellites dedicated to earth
remote sensing. These
satellite platforms will
become even more technically
enhanced and thus will
produce more and improved
data.

The next step is to create
the conditions for an optimal
use of the data these
satellites are gathering. An
important aspect here is the
exchange of data between the
different receiving and
processing facilities in the
world. A number of exchange
arrangements have been
concluded by the various
remote sensing operators and
also various distribution
consortia have been created.
For example ESA has concluded
some 20 International
agreements for the reception
and distribution of data of
its ERS 1 satellite by non-
ESA ground stations, and a
consortium of Radarsat
International, SPOT Image and
Eurimage has been designated
as the commercial distributor
of the ERS 1 data.

However, and this will be the
main issue to be discussed at
this session, the legal
conditions for receiving and
distributing the remote
sensing data lack the
necessary clarity and
stability.

of clarity,
a potential

This lack
presents
interfering factor for the
further development of remote
sensing activities.

Because, one of the important
conditions, for example, for
obtaining private investments
for expanding the ground

segment, for facilitating
exchange of data between the
various satellite remote
sensing operators, and for
the creation of a value added
industry, is that there is a
proper regulatory framework,
protecting the remote sensing
data, and providing the
suppliers and demanders of
the data with clear rights
and obligations which will
enable them to develop
economic activities with
these products.

Of course we should now
address the question what
must be understood by the
legal protection of satellite
remote sensing data?

First we have to distinguish
two concepts that interact
together namely data policy
and data protection. The
legal protection of data and
products forms part of a
larger issue namely data
policy. Data policy includes
the distribution, the access
and the protection of data.

When speaking about the legal
protection of satellite
remote sensing data, we are
dealing with the legal
qualification of these data,
or in other words with the
legal nature of these data.

Here, as we will see today,
lays one of the key problems
for the further development
of the remote sensing market.

In the actual practice there
appears to be confusion under
which type of law the data
and thus the contracts for
reception and distribution of
the data should fall.
Conflicting schemes for
protection are applied at
this moment, such as,
copyright laws, trade secret
laws, unfair competition

1
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rules, or just ownership
rights which all lead to
different rights and
obligations for the suppliers
and distributors of these
data.

It is clear that this
situation hardly can be
considered as being positive
for the further development
of commercial, value added,
activities in the remote
sensing area.

Another aspect which
complicates the situation
even more is the political
dimension of the remote
sensing activities and here
we have to deal with
questions such as upon which
conditions the access to data
by the sensed state should be
given. This question has been
discussed at the United
Nations Committee on the
Peaceful Uses of Outer Space
and after lengthy dicussions,
it took almost ten years, a
number of principles has been
adopted by the United Nations
General Assembly in 1986.

However, without going to
repeat this discussion, it is
clear that the principles,
which do not have a binding
character by themselves, are
not precise and thus are hard
to translate into the real
practice.

Herewith, the question of the
rights of the sensed state
with regard to data of its
territory gathered by another
state or organisation has
only partially been solved,
and can in practice still
lead to political problems.

All these questions, which I
have briefly described
before, need to be resolved
soon because they could
h a m p e r i n c r e a s e d
international cooperation,

which is necessary for
monitoring global changes of
the earth environment. They
could frustrate the
development of a harmonised
European market for remote
sensing products, and they
can prevent the further
development of a ground
infrastructure and value
added industry for remote
sensing data, which will make
an optimal use of these data
possible.

The conclusion of my short
introduction is the
following. The technique of
remote sensing is reaching a
level of maturity in the
sense that applications for
commercial, scientific and
public purposes are becoming
feasible. As with most
technical innovations, the
legal environment is not
clear enough yet and thus can
delay the optimal use of
these newly developed
techniques.

It is now up to the lawyers
to facilitate the further
development of the use of
remote sensing data and to
secure that the interests of
all parties involved in
remote sensing activities
will be reflected in a proper
regulatory framework for
these activities.

Now I would like to give the
floor to Mr. Thiem, Head of
Administration of EUMETSAT
who will speak about the
EUMETSAT practice for
protection of its satellite
data.

Thank you for your attention.

/•*
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EUMETSAT PRACTICE FOR PROTECTION OF
ITS SATELLITE DATA

Dr Volker Thiem
Head of Administration

EUMETSAT

t

ABSTRACT

This paper introduces EUMETSAT and its objectives, its
data policy and the means to monitor this policy (Protection
of data use). Protection of data use can be achieved by
technical and legal means. The technical issue is
comparatively simple. The legal issue is complex. Current
national and inter-national legislation and jurisprudence are
not prepared to provide clear and unambiguous answers to
the questions raised. EUMETSAT therefore decided to
amend its Convention to provide for clear legal protection.

1. EUMETSATDATAPOLICY

1.1 Introduction

EUMETSAT is an international organisation funded through
sixteen European Member States and their National
Meteorological Services. These Meteorological Services
have a long history, in some cases extending over 150
years, of successful international data exchange on a global
basis.

This exchange of data started long before the World
Meteorological Organization (WMO) was founded and re-
iterated the guiding principle of free exchange of certain
data between all WMO members.

It is the wish and intention of the European Meteorological
Services participating in EUMETSAT programmes that the
exchange of data shall not only continue but also increase.
The increase is necessary because of the growing need for
all nations of the world to understand weather and global
climate and because increased quantities of data are
essential in order to achieve this understanding.

In order that data exchange may continue to grow it is
essential to safeguard and increase the relevant databases.

Although the Meteorological Services have for more than a
century practised the free and open exchange of data, that
practice has always been subject to practical limitations. It
has never been the case that all data are exchanged. Each
national service provides data as agreed internationally,
through WMO or bilateral agreements, serving international
needs. Each service invariably generates additional
observational data needed for local purposes and does not
exchange them internationally. Similarly, derived products,
including analyses and forecasts, are usually tailored for
national use and only a selection are subject to international
exchange.

This approach is expected to continue since the volume of
data exchange must be restricted to that needed by the
participants. There are good practical reasons for this
restriction, one of which is that the transfer of unnecessary
data cannot be justified financially.

In recent years there have been important new
developments which affect the practice of data exchange.
Three are stressed as of particular concern to EUMETSAT
Member States in formulating their data policies.

The first is that the nature of observational data and
other products has changed out of all recognition
over recent decades. Originally observations were
made in one particular national territory, were of
greatest interest for that individual territory and of
lesser importance for neighbouring areas.Similarly
forecasts were until quite recently regional in nature.
Now we have satellites which observe the entire
world and are not restricted to one territory and at
many centres forecasts are made on a global
basis.This development, together with the growing
importance of global change research and climate
monitoring, makes it also necessary to re-examine
the rationale and practice of data exchange.

The second development is that certain
developments in meteorology are so expensive that
European nations have come together to share
resources in two specific fields. They share the high
cost of research and operations in medium range
forecasting through funding of the European Centre
for Medium Range Weather Forecasts (ECMWF).
They also share the cost of obtaining satellite data

1
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through participation in the European Organisation
for the Exploitation of Meteorological Satellites
(EUMETSAT). This voluntary cooperation
immediately raises an important practical problem. If
any country not a member of ECMWF or
EUMETSAT can receive all their data freely, then
what is the motivation for any country to belong to
either organisation and pay the large membership
contributions? Any EUMETSAT Member State could
argue in this way, with the result that the
programmes would eventually collapse and there
would be no need for data policy because there
would be no data. EUMETSAT data policy must
therefore include sufficient motivation for contributing
to EUMETSAT programmes, to ensure that they
continue to enhance the global database. The rights
and benefits of membership must be worth the
financial contribution.

The third development is the growing tendency
towards commercial meteorological activities, both in
the public and private sectors. By tradition ths public
sector not only provides a service to the user
community, it also maintains the system and the
database on which the service is based. By contrast
the private sector has no obligation to maintain the
system or the database. Certain National
Meteorological Services are under tremendous
pressure to ensure that services are provided on a
fully commercial basis and that income is used to
offset costs. They cannot expect to receive any
income if they can be subject to competition from
entities which use all of the data but do not
contribute to the costs of the database and which
can therefore provide services at much lower prices.
Therefore the commercial issue must be addressed
if the global database is to be maintained and
increased.

1.2 EUMETSAT's Principles on Distribution and Charging

The principles of the EUMETSAT data policy are founded
on the belief that the responsibility for maintaining and
improving the global meteorological database rests firmly
with the world's National Meteorological Services. In
addition, they are founded on the consideration that the
data concerned represent a special resource owned by the
National Meteorological Services of the EUMETSAT
Member States.

Based on the above, the EUMETSAT Principles on
Distribution and Charging distinguish three types of user:

The National Meteorological Services (NMS) of
EUMETSAT's Member States are the principal users
of the EUMETSAT data, products and services. They
fund the investment and operational costs of the
satellite system and, in return, they enjoy the full use
of all data without any further payment. On their part,
the NMS provide other users with value-added
products (e.g. forecast information) The NMS of
EUMETSAT's Member States are responsible for the
distribution and charging of the data, products and
services within their own territory. This means that
they can decide whether or not to make EUMETSAT
data available to any entity for use within the territory

of the Member State, and they can decide on the
conditions of data use within their own territory. This
limitation to the 'territory of the Member State'
applies for administration purposes only: the
interests of the Member State outside their territory
are represented by the EUMETSAT Secretariat. This
is the privilege of membership, bought at the very
high price of an annual contribution to the
EUMETSAT programmes in proportion to the
country's financial strength, as indicated by the
published figures for the Gross National Product
(GNP).

The second class of users comprises the National
Meteorological Services (or their official
representatives) of non-Member States, the WMO
and ECMWF. A set of data defined by EUMETSAT
Council is provided to these users free of charge
under certain conditions concerning redistribution
and use. The data made available on this basis are
provided for internal use only and they cannot be
passed on to third parties without the approval of
EUMETSAT. Data not included in the above set of
data may be obtained by the National Meteorological
Services of non-Member States under conditions to
be agreed in relevant agreements with EUMETSAT.

The third class of users comprises all the users not
mentioned above. 'All other users' can include
scientific and educational institutions, commercial
companies, personal users, etc., located outside the
EUMETSAT Member States. (Other users within
these Member States are the concern of the NMS,
as defined in 3 (a) above.) These users may receive
EUMETSAT data, products and services against
payment and under certain conditions. The
appropriate fee to be charged for the data in this
case will be fixed according to certain factors, e.g.
the intended use of the data, the market price if any,
the duration of usage, the number of end users, etc.
The charges may exceptionally be waived in cases
of strictly scientific, educational or humanitarian use.
The data, services and products provided shall not
be passed on to third parties without the approval of
EUMETSAT.

1-3 The Implementation of the Principles

The NMS of EUMETSAT's Member States shall be
responsible for giving access to and charging for data,
products and services within their own territory. Therefore,
entities wishing to obtain or use EUMETSAT data within a
certain Member State shall apply to the NMS of that
Member State directly, without the need of intervention by
EUMETSAT itself.

Any distribution of data by such a NMS of a Member State
to a user in another Member State requires the prior
approval of the NMS of that State. EUMETSAT does not
seek to influence the use of data across Member States'
boundaries, but the involved Member States have to
express their consent to the intended use of the data within
their territories.

EUMETSAT is responsible for giving access to and
charging for data, products and services to international
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organisations, including WMO and ECMWF, to National
Meteorological Services of non-Member States, and to
other users in non-Member States. In addition, users who
operate in a number of States of which at least one is a
non-Member State of EUMETSAT shall apply directly to
EUMETSAT. However, should any of EUMETSAT's Member
States be involved in the transboundary use, the approval
of that Member State is required.

Any distribution to international organisations, National
Meteorological Services of non-Member States or individual
users is subject to a special licence agreement between the
user and EUMETSAT.

EUMETSAT may grant a General Licence or a Limited
Licence:

National Meteorological Services of non-Member
States might be given a General Licence to use a
specified set of EUMETSAT data. A General Licence
gives to the Meteorological Service essentially the
same rights as those of a EUMETSAT Member State
for a given set of data. Therefore, the holder of the
licence has the right to use the EUMETSAT data and
the right to provide the data to entities operating
within its territory for any use whatsoever as long as
such activities do not extend beyond the boundaries
of such State.

This benefit cannot be provided by EUMETSAT
without compensation through equivalent data
exchange or through a financial contribution.
Equivalent data exchange means that a non-Member
State could expect to obtain a General Licence from
EUMETSAT without any fee should it make available
to EUMETSAT Member States generally equivalent
data from its own programmes. By this definition all
of the meteorological satellite operators could be
considered for a General Licence under bilateral data
exchange agreements. The second way to obtain a
General Licence is to pay an annual financial
contribution to EUMETSAT broadly reflecting the
cost of these expensive data. This contribution is set
at 90% of the relevant membership fee to
EUMETSAT based on GNP. This amount is fixed in
consideration that a non-Member State should
roughly pay the same as a Member State
participating in EUMETSAT's programmes. The
reduction to 90% is applied as the non-Member
State does not acquire voting rights.

National Meteorological Services of non-Member
States can be assigned a Limited Licence, without
fee, to use a defined set of EUMETSAT data for their
internal purposes. However, the data may not be
passed on, in any recognisable form, to any other
party. The quantity and type of data made available
in this way shall vary on a case by case basis.
Countries which the EUMETSAT Council considers
should become full members or obtain a General
Licence shall not have indefinite access to the full
EUMETSAT data stream on the basis of a Limited
Licence without fee.

All other users outside the EUMETSAT Member
States may be assigned a Limited Licence, possibly
upon payment of a fee. The conditions laid down in
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such a licence depend on the type of user and the
intended data use involved. Each licence will specify
the precise type of data or service that it covers. The
fee, if any, to be charged will be determined on a
case by case basis taking into account certain
factors, as established in the Implementing Rules to
the EUMETSAT Principles on Distribution and
Charging. Entities intending to use the data
exclusively for scientific, educational or humanitarian
purposes may be granted a Limited Licence without
a fee, but may nevertheless be charged into the
direct cost of any handling, duplication or
transmission costs incurred by EUMETSAT.

2 TECHNICALPROTECTION

EUMETSAT assumes that some technical protection is a
prerequisite for efficient monitoring of its Data Policy.
Therefore within the next two years the data of the current
satellites (Meteosat) will be encrypted.

3 LEGALPROTECTION

EUMETSAT assumes to have the exclusive copyright over
its satellite images (images generated by its satellites).

The legal basis of the copyright is complex. First of all there
is no specific international legislation. The international
copyright conventions only refer to the application of
existing national provisions to persons from other states.

Furthermore EUMETSAT's Convention in the past did not
mention a copyright. An amendment agreed by all Member
States in 1991 (yet to be ratified) foresees to correct this
situation and lay down the exclusive ownership of
EUMETSAT in the Convention.

In the meantime national legislation may provide a basis for
copyright. National legislation was the subject of the 1st
EUMETSAT Workshop on Legal Protect of Meteorological
Satellite Data held in Darmstadt, Germany on 13 -14 March
1989". Conclusions can be drawn only with certain
reservations. No specific legislation exists in any country.
No specific jurisprudence exists either. Therefore
theborderline between interpretation and speculation is
difficult to draw. Taking this into account, the following can
be said: Many experts tend to compare the processed
meteorological satellite data with photos.

In all countries the protection of photographic works implies
a certain creative element. The requirements in this respect
are stricter in France and the Federal Republic of Germany
than in the United Kingdom (These countries are referred
to in the following, because they have been analysed with
particular thorough-ness). However, the Federal Republic of
Germany also grants legal protection to simple
photographs, i. e. photographs without any creative
element. The legal protection of simple photographs is
called a "neighbouring right" to copyright.

1 ) Proceedings available at EUMETSAT, Am Elfengrund
45, D-6100 Darmstadt, Germany.
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The British and French perceptions of the creative element
are significantly differing. The United Kingdom only requires
a certain degree of "skill and labour". The French demand
originality in the sense of the product being an expression
of the personality of the author.

These doctrines applied to the METEOSAT images mean
that there is full copyright protection under German law.

British law would presumably recognise the considerable
effort involved in obtaining the METEOSAT images as being
sufficient to establish "skill and labour".

It is doubtful whether the METEOSAT images can be
considered to be such an expression of personality that
French law would find it protectable.

A specific problem arises from the fact that METEOSAT
images are obtained and produced automatically. Does this
mean that there is not sufficient personal effort to classify
the images as "photographs"?

In this context one should not overlook the human
preparatory efforts, however.

It must also be remembered that all photography involves
a mechanical element. Although uncertainty exists probably
the courts in all three countries would accept that the
human preparatory effort involved in obtaining satellite
images is not significantly different from the effort involved
in making ordinary photographs. Consequently this
particular element should not be considered to be a bar to
protection.But are METEOSAT images photographs at all?

Does METEOSAT's scanning technique remove the
technical concept so far from the traditional photographic
techniques that a photograph does not come into
existence?

Both German and British copyright law explicitly accepts
that images produced by radiation of any kind can be
classified as photographs. As radiation is also an element

of tne METEOSAT scanning technique it can be assumed
that this feature would not result in the loss of copyright
protection. This would probably be true also for France for
the same reasons.

It is a key element in French as well as in British copyright
law that "fixation" must be present in order to obtain
copyright protection. That material fixation of the
METEOSAT images occurs at some point in time is
unquestioned. An issue is only what the earliest time for
protection is.
Digital storage is enough under British law. It is doubtful
whether less than fixation on paper would be sufficient in
French law.

German law does not require material fixation and
consequently provides protection from the earliest
conceivable moment. Thus even the raw data transmitted
from METEOSAT is protected.

4 CONCLUSION

In summary there is no clear and easy answer to the
question of what the legality of copyright is.

Therefore in future satellite organisations will have to
consider to obtain clear and unambiguous protection under
national and international law and, since this may take
decades or may be not at all fully possible, not to rely on!y
on copyright. However, a legal protection is necessary and,
as EUMETSAT is concerned, the insertion of an appropriate
clause in the EUMETSAT Convention will certainly enhance
this kind of protection5.

In addition technical protection will remain an issue and will
probably facilitate a pragmatic answer to the problems
involved.

2) The provision reads: "EUMETSAT shall have
worldwide exclusive ownership of all data generated
by EUMETSAT's satellites or instruments". The
worldwide exchange of data is also mentioned:
"EUMETSAT shall make available sets of data
agreed by the Council to be National Meteorological
Services of Member States of the World
Meteorological Organization".
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PROTECTION OFSPOT DATA AND DERIVED PRODUCTS
UNDER PRIVATE AGREEMENTS, THE LAW

AND INTERNATIONAL CONVENTIONS
(*)

Luc DUFRESNE,
SPOT IMAGE S.A., Toulouse, France

1

INTRODUCTION

First, let me introduce myself. My name is Luc
DUFRESNE and I am SPOT IMAGE'S in-house
legal advisor.

Please excuse the absence of Mr. Gérard
BRACHET, our Chairman and Chief Executive
Officer, who deeply regrets not being with you this
morning.

Now, it is time to present SPOT IMAGE:

SPOT IMAGE is a French private company
incorporated in July 1982. It is responsible for
promoting, distributing and selling worldwide the
data received from the SPOT satellites and associa-
ted services.

As most of you already know, the SPOT satellites
are operated by the CENTRE NATIONAL
D'ETUDES SPATIALES, the French Space Agency,
which holds the copyright on the scenes and
products made from the SPOT data, as I will
explain to you in few minutes.

SPOT IMAGE has been granted by the CENTRE
NATIONAL D'ETUDES SPATIALES, an exclusive
worldwide licence for the promotion, distribution
and sale of the SPOT scenes and products. Under
this licence, SPOT IMAGE is authorized to grant
sub-licences for the same purposes.

To promote the SPOT earth observation system,
SPOT IMAGE has set up a network of over 50 sub-
licensees and distributors, covering all five
continents.

SPOT IMAGE strives constantly to respond to the
changing needs of the remote sensing data users.
It has progressed from selling data to selling value-
added products, up-to-date geographical
information and related services. SPOT IMAGE
also manages projects, providing users with turn-

key solutions.

Of course, SPOT IMAGE markets and sells the
SPOT data on an open and non-discriminatory
basis, in strict conformity with the UNITED
NATIONS Resolution no. 41/65 entitled
"Principles Relating to Remote Sensing of the Earth
from Outer Space".

Protection of the SPOT data, scenes and products
arises from three (3) different sources:

1) the copyright existing under the French law on
the scenes and products made from the SPOT
data; and

2) the Acts against unfair competition in force
throughout the world; and, in addition,

3) special provisions set in the agreements signed
by SPOT IMAGE with its sub-licensees and
distributors.

I. PROTECTIONOFSPOTDATA

UNDER COPYRIGHT LAW

!.PROTECTION
UNDER THE FRENCH COPYRIGHT ACT

Images and products made from SPOT data are
copyrighted under general provisions set in the
French Copyright Act of the llth of March, 1957,
amended by the Act of the 3rd of July, 1985.

Here, I must draw your attention to the fact that
the copyright is on the views taken by the satellite
and not on the data which make up such wiews,
since the data are only information and no copy-
right may be granted on information under the
Act.

(*) This document is a simple transcript of the lecture given at the Colloquium held in Munich on March 11,1992
on" Legal Aspects of the Use of Satellite Remote Sensing Data in Europe".

Proceedings o! the Central Symposium of the 'International Space Year Conference Held in Munich Germany. 30 March-4 April 1992
(ESA SP 341 July 1992)
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Copyright Law protects nothing but the form of a
work, not the information and ideas it may
contain.

All reproductions of the SPOT views, i.e. the SPOT
scenes and products, benefit from a copyright
protection.

For the data themselves, other means of protection
exist, as I will try to explain later on.

The French Act is applicable in the case in point for
two reasons:

1) the authors of the scenes, i.e. the members of the
programming teams are all French nationals and
the legal entity under the name of which they
are first disclosed, is also a French national; and

2) the scenes and products are made available to
the public and disclosed first in France, the main
catalogue being located in Toulouse.

The fact that the SPOT satellites take the scenes
from outer space, where of course there is no
national sovereignty, has no relevancy by law in
respect of the protection of such scenes.

Since 1985, works produced through a technique
similar to photography may benefit froni copyright
protection.

1.1. THE LEGAL CRITERION:
THE ORIGINALITY

To acquire copyright protection under the French
Copyright Act, a work must be original. This is the
essential criterion. The purposes for which a work
is created or its novelty are not relevant.

To summarize, one can say that a work is original
when it has been created through a process which
implies personal and subjective choices from its
author.

For a photograph, the originality lies in the angle
used to point the camera at the scene, the setting of
the aperture, the calculation of the exposure, etc...

In the same way, for an image acquired through an
earth observation satellite system, the originality
lies in the viewing angle used by the cameras to
point at the target, the acquisition mode (black and
white, or multispectral), the gain setting, the date
of acquisition chosen, etc...

As you now understand, a copyright may exist on
a remote sensing image if the satellite used
requires complex programming.

The satellites of the SPOT family require such a
complex programming which is under the
responsibility of a team of highly qualified
engineers and technicians; they are the true
authors of the views.

Such programming implies that the programmers
must make subjective choices, and their job could
not be reduced to the mere application of a method
based on objective rules.

We therefore think that the legal test is met and
that protection is granted.

1.2 THE AUTHORS

The true authors of the views are definitely the
programmers of the satellite, seeing that they are
the ones taking them.

Because the contribution of each programmer to a
SPOT image or product cannot be distinguished
from the contribution of the others, the SPOT
scenes and products come within the definition of
"oeuvre collective" (collective works) as defined in
sub-Article 9.3 of the Act. (A good example of an
"oeuvre collective" is a dictionary.)

Therefore Article 13 of the French Copyright Act of
1985 applies in the case in point, and all such
works are presumed to be the property of the
individual or the legal entity under the name of
which, or of whom, they are first disclosed.

The SPOT scenes being first disclosed under the
name of the CENTRE NATIONAL D1ETUDES
SPATIALES, the latter is deemed to be the owner
of such "oeuvres collectives" (collective works).

This is why the CENTRE NATIONAL D'ETUDES
SPATIALES is authorized by law to grant licences
for the promotion and for the sale of Spot scenes
and products, even if it is not the author of such
work.

1.3. THE RIGHTS GRANTED

Such rights arc granted as soon as a work is
created. A work does not have to be published for

\
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it to have copyright protection.

The rights granted shall be classified in two
categories:

Dthe economic rights (in French, "droits
patrimoniaux") on the one hand; and

2) the moral right (in French, "droit moral") on the
other hand.

1.3.1. The moral right

The purpose of the latter is to protect the
reputation of the author. As a general principle, it
may not be transferred to somebody else, except to
the heirs of the author when he dies.

As regards collective works, an exception to this
principle is made: the person under the name of
whom they are first disclosed will be entitled to
exercise such a right.

In respect of SPOT remote sensing scenes and
products, it is not that difficult to imagine a case
where the use, or the modification or adaptation of
such works may undermine the reputation of the
CENTRE NATIONAL D'ETUDES SPATIALES, e.g.
poor quality of a reproduction made by one of our
sub-licensees.

One other possible case may be the denial of the
"paternity" of a SPOT product or image if for
instance, a third party claims falsely such
paternity. In such an event, the CENTRE
NATIONAL D'ETUDES SPATIALES would be
entitled to take out action before a court of justice.

1.3.2. The economic rights

The economic rights are of a greater importance in
the case in point. They are in the number of three:

1) the right to reproduce; and

2) the "droit de représentation" which may be
translated by "right to perform a work"; and

3) the "droit de suite" which is the right to take a
percentage from the price received by a third
party who has sold a work.

Amongst all the rights granted, the one mostly
used by SPOT IMAGE, in practice, is of course the
right to reproduce the scenes and works.

2. APPLICATION OF INTERNATIONAL
CONVENTIONS

The purpose of the international conventions is to
provide that countries give the same protection to
the works of the nationals of other countries as
they give to their own nationals.

Remote sensing scenes fall within the definition of
protected works set in the two most important
conventions: the Berne Convention (Article 2.1 "...
les oeuvres photographiques, auxquelles sont assimilées
les oeuvres exprimées par un procédé analogue à la pho-
tographie ...") and the Universal Copyright
Convention (UCC) (Article 1 "... oeuvres littéraires,
scientifiques et artistiques telles que les écrits, les oeu-
vres musicales, dramatiques ou cinématographiques, les
peintures, gravures et sculptures...").

Almost every country whose nationals have a
significant production of copyrighted works have
signed at least one of these conventions.

France having adhered to both like all member-
states of the E.E.C., SPOT remote sensing scenes
and products benefit from an important copyright
protection.

The existence of these conventions gives to the
copyright solution adopted by the CENTRE
NATIONAL D'ETUDES SPATIALES a significant
advantage over the trade secret solution chosen by
our American friends. As regards trade secret, no
equivalent international conventions exist.

3. SPOT IMAGE' S PRACTICE AS REGARDS
COPYRIGHT USED AS A MEAN OF
PROTECTION

There is very little to say about SPOT IMAGE'S
practice in this respect, seeing that the CENTRE
NATIONAL D'ETUDES SPATIALES ' copyright
has never been contested or denied by anybody
since the SPOT data are marketed and
commercialized.

The matter of the copyright has never been
referred to a court of justice nor to an arbitration
tribunal.

^r-4
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II. PROTECTIONOFSPOTDATA

UNDER UNFAIR COMPETITION LAW

Copying SPOT scenes and products or using the
SPOT data without an authorization may be an act
of unfair competition. (An act of Unfair
Competition may be defined as an act contrary to a
normal commercial practice.)

Under the laws of many countries such as France
and Germany, the appropriation of another's
performance can, under some circomstances, and
even in case where no copyright protection exists,
constitute an act of unfair competition.

The reason for this is easy to understand: nobody
will invest money and efforts in a business if any-
body can, under the law, benefit directly from the
investment made without paying a cent and take
the clientèle from the investor.

In parallel, nobody will invest in an earth
observation system if somebody else may, under
the law, copy its data for free and without its
consent.

Under which circumstances, if we leave the copy-
right protection aside, the copying of SPOT data,
scenes and products may constitute acts of unfair
competition?

1) when the copying is methodic and systematical;
or

2) when there is no adaptation of the copies made:
they are strictly identical to the original (this is
particularly true in Germany); or

3) when there is a risk of confusion between the
copies and the originals, if such risk of
confusion may have been avoided.

It is not possible in a short presentation like this
one to study and analyse in detail what may
constitute an act of unfair competition. Of course,
this question will receive a different answer
depending in which country the copying is done.

I would like to make three final observations:

1) Contrary to Copyright or Patent Law, Unfair
Competition Law does not give a monopoly in
the exploitation of a work.

2) In case no damage can be proved, no lawsuit
may be based on Unfair Competition Law. It is

possible to imagine a case where the copying
may not have for consequence a damage to the
author of the original.

3) Since the scope of Unfair Competition Law may
vary significantly from one country to another,
it should be considered only as a subsidiary
means of protection.

III. PROTECTIONOFSPOTDATA

UNDER THE PROVISIONS

OFPRIVATE AGREEMENTS

In addition to the protection provided by the
applicable statutes, caselaw and conventions,
protection of the SPOT data may arise from special
clauses set in the agreements and signed by
SPOT IMAGE.

These clauses consist in an undertaking by the
other contracting party, whether a purchaser, a
sub-licensee or a distributor, not to resell the SPOT
data to a third party and not to supply them to a
third party.

Such contractual provisions are valid under French
Law, even in the case v/here no copyright
protection exist, provided that the undertaking is
not general and perpetual.

This type of undertaking may be guaranteed by a
penalty clause.

CONCLUSION

In conclusion we, at SPOT IMAGE, are satisfied
with our legal environment because the SPOT data,
scenes and products appeared to benefit from a
significant protection under the law and
international conventions dealing with copyright.

It is probably no coincidence that E.S.A. has also
adopted copyright protection for the ERS-I data.

If a directive is to be adopted in the near future by
the Commission of the E.E.C., we suggest that it be
based on the concept of copyright. Due to our
satisfactory experience and to the existence of
international conventions, we think it is by far the
best solution.
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U.S. DATA POLICY FOR EARTH OBSERVATIONS FROM SPACE

Lisa Robock Shaffer
NASA Headquarters, Washington, D.C.

ABSTRACT

Distribution of data from U.S. Earth observations satellites
is subject to different data policies and regulations
depending on whether the systems in question are
operational or experimental. Specific laws, regulations,
and policies are in place for the distribution of satellite da>H
from the National Oceanic and Atmospheric Administration
(NOAA) operational environmental satellites and from the
National Aeronautics and Space Administration (NASA)
experimental systems. There is a government-wide policy
for exchange of data for global change research. For the
Earth Observing System (EOS) and its international partner
programs, a set of data exchange principles is nearing
completion. The debate over the future of the Landsat
program in the United States will impact policy for other
programs, but the outcome of the debate is not yet known.

2. OPERATIONALPROGRAMS

2.1 NOAASATELLITES

NOAA's two environmental satellite series in geostationary
and polar orbits are part of operational programs and are
prohibited from commercialization or privatization under
the Land Remote Sensing Commercialization Act of 1984
(Réf. 1). NOAA distributes data in real-time from the
satellites on an unrestricted basis with no fees, and offers
non-real-time data distribution services based on the
marginal cost of serving the users. For certain categories
of users outside the government, research communities, and
international exchange agreements, NOAA has been
directed to apply "fair market" prices in an attempt to
recover additional funds to offset the cost of operating the
NOAA data centers and data distribution services.

2.2 NATIONAL WEATHER SERVICE

Keywords: Data policy, remote sensing, Earth
observations, Earth Observing System, NASA

1. INTRODUCTION

The major actors in the United States in providing satellite
remote sensing for Earth observations arc the National
Aeronautics and Space Administration (NASA), the
National Oceanic and Atmospheric Administration (NOAA
in the Department of Commerce), and EOSAT, the
commercial distributor of Landsat data. The U.S.
Department of the Interior's Geological Survey (USGS)
operates the EROS Data Center which is an archive and
distribution facility for remote sensing data. The major
policy actors in addition to the entities above are the
Committee on Earth and Environmental Sciences (CEES)
which is responsible for the U.S. Global Change Research
Program, the Office of Science and Technology Policy,
Congress, the National Space Council, and the Office of
Management and Budget.

Earth observations satellite data management is based on
laws passed by the Congress; national policy developed by
the Executive Branch, consistent with U.S. law; and by
Agency-level management practices. The U.S.
Government recognizes satellite Earth observations remote
sensing data as either operational, experimental, or private,
depending on the nature of the program which generated
the data. Government is prohibited from copyrighting data
generated at public expense. Data from privately-funded
systems may be protected through copyright.

The National Weather Service (NWS) has a policy
"requiring that the private weather industry and the
National Weather Service work together to protect the free
and open international exchange of data provided by the
NWS. It does this by ensuring that the data arc not used
to compete directly with or interfere with internal policies
of national meteorological agencies in those countries
where they also provide commercial weather services. Any
activity by a U.S. weather company in another country
must, of course, be in accordance with the laws and
established practices of that country. "(Réf. 2)

The National Weather Service is the single "official" voice
when issuing warnings for life threatening situations and is
the source of a common national hydrometeorological
information base. The national information base forms an
infrastructure on which the private sector can build and
grow. The NWS official policy is that NWS shall collect
and exchange hydromeleorological data and information on
a national and international basis.

3. RESEARCH PROGRAMS

3.1 NASA

3.1.1. NASA Management Instruction. NASA builds and
operates experimental remote sensing systems in pursuit of
its Earth science ant*, applications program objectives.
Distribution of Earth science data arc governed by a NASA
Management Instruction (Ruf. 3) which stale-- thai, except
as otherwise provided in specific program agreements,

"spacebornc remote sensing data
acquired by the Earth Science and

Proceedings of !he Centra/ Symposium o/ !he 'Internalional Space Year Conference Held in Munich. Germany. 30 March-4 April 1992
IESA SP 341 July 1992)



1478
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Applications Program as part of its
experimental remote sensing programs,
and data from related experimental or
research programs, will be made
available to all users and other entities
for use in Federally-funded research,
development, and application programs
and cooperative research programs.
This data will be made available as
soon as practical after acquisition and
without any period of exclusive access
for any user group. Access terms will
specify that such users may not engage
in commercial applications of NASA-
provided data without authorization....
Data will be provided to research users
... at a price not to exceed the marginal
cost of reproduction and distribution."

The policy also directs NASA to provide data with
potential operational applications to NOAA at no cost for
real-time processing, applications, and distribution to the
operational community. Responsibility for NASA's
implementation of the Land Remote Sensing
Commercialization Act is given to the Associate
Administrator for Space Science and Applications.

3.1.2 Land Remote Sensing Commercialization Act. The
Land Remote Sensing Commercialization Act of 1984,
Sections S02 and 503, specify how NASA may distribute
data from experimental remote sensing systems. The
relevant sections say:

(502) Each Federal agency is
authorized and encouraged to provide
data gathered in experimental remote-
sensing space programs to related
research and development programs
funded by the Federal Government
(including application programs) and to
cooperative research programs if Ih J
Federal agency involved determines
that the data will not be used (1) for
any commercial purpose; or (2) in
substantial competition with data
available from a licensee under this
Act; except pursuant to section 503.

(503) Data gathered in Federal
experimental remote-sensing space
programs may be sold en bloc through
a competitive process (consistent with
national security interests and
international obligations of the United
States and in accordance with section
607) to any United States entity which

will market the data on a
nondiscriminatory basis.

The Landsat Act, as this law is commonly known, is
currently under discussion within the U.S. Government,
primarily because of concern over the future of the Landsat
program itself. However, each of the proposed
modifications to the law currently under consideration in
the Congress would modify sections 502 and 503,
eliminating the requirement for an en bloc sale process.

In reality, the en bloc sale has taken place only once, for
the Large Format Camera (LFC). The U.S. Geological
Survey was given the data to distribute according to section
502, and a private company bought the rights to
commercial distribution under section 503. The
commercial firm did not profit from LFC data sales.

Presenting the status of Landsat is quite difficult, since the
situation is under considerable discussion and will change
soon. Unfortunately all the answers are not known at the
time this paper is written. National Space Policy Directive
ItS (Ref.3) states:

A remote sensing capability such as is
currently being provided by Landsal
satellites 4 and 5 benefits the civil and
national security interests of the United
States and makes contributions to the
private sector which are in the public
interest. For these reasons, the United
States government will seek to maintain
continuity of Landsat-type data.

The policy goes on to say that the U.S. Government will

"... make Landsat data available to
meet the needs of national security,
global change research, and other
federal users; and promote and not
preclude private sector commercial
opportunities in Landsat-type remote
sensing."

Through this policy, President Bush directs NASA and the
Department of Defense (DOD) to develop and launch a
Landsat-7 satellite, to define alternatives for maintaining
data continuity beyond Landsat-7, and to prepare a plan
which addresses operations, data archiving and
dissemination, and commercial considerations associated
with the Landsat program. The President also assigns the
Department of the Interior the responsibility for
maintaining a national archive of Landsat-type remote
sensing data.

J.
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In parallel, both houses of Congress are considering
legislation to change the existing Landsat Act to find a way
to ensure the continuation of the Landsat system. The
changes to the law should make it consistent with the new
national policy direction. The resulting legal framework
for data policy is not yet defined either for current and
future publicly-funded Landsats or for potential future
privately-financed remote sensing satellite systems. What
is clear is that the U.S. Government and related
organizations have very large needs for Landsat data for
non-commercial uses, both research and operational. The
United States has determined that the attempt at
commercialization of Landsat has not satisfactorily met
these needs, evidenced by the sharp decline in data
purchases by research users, and the sharp decrease in data
acquired by the Earth Observation Satellite Corporation
(EOSAT), the current operator of Landsat under contract
to the Department of Commerce.

EOSAT and the Department of Commerce are in
negotiations regarding the status of Landsat-6, which was
scheduled for launch in mid-1992 and is not going to be
ready until early 1993. This discussion may include
consideration of alternative methods for handling Landsat-6
data which EOSAT has the right to distribute, but which is
required for many public sector uses. During the next
three to six months, the various actors within the U.S.
Government will be resolving the outstanding issues,
moving forward with a plan to build and operate Landsat-7,
and modifying the current arrangements as they apply to
Landsat-6 and possibly to data rights for Landsats-4 and -5.
The ultimate data regime for Landsat-7 may not be defined
for some time, or it may be mandated explicitly by
Congressional action later this year.

3.1.3 Global Change Research. Dr. Allan Bromley, the
President's Science Advisor, issued a statement of national
policy regarding distribution of data for global change
research in July 1991 (Réf. 5). This statement applies to
all U.S. Government agencies, including NASA and
NOAA and establishes the framework within which
agencies should work. It calls for the widest possible
distribution of data at the lowest possible cost for research
use. This approach is very likely to be applied to
distribution of Landsat data as it is already in place for data
from other NASA satellite missions.

4. PRIVATESYSTEMS

There are no private remote sensing systems in operation
today under U .S. jurisdiction. Under the Landsat Act, the
Department of Commerce is responsible for licensing such
systems if the operator is a private party under the
jurisdiction and control of the United States. One condition
of receiving a license is that the operator will distribute
data on a nondiscriminatory basis. This means the operator

may set prices at any level, as long as all requestors are
treated equally. Price adjustments for different services
(e.g., fast delivery, precision processing) may be offered,
as may discounts for volume purchases. However, any
requestor must be able to obtain data on the same basis
under the same conditions.

4.1 SeaWIFS

NASA is conducting an experiment with the Sea Wide
Field Sensor (ScaWiFS) Ocean Color Mission to be
launched in 1993 on the SEASTAR satellite. NASA
conducted a competitive procurement to purchase an ocean
color data set for research purposes. The Orbital Sciences
Corporation was selected and NASA paid an agreed
amount of money in the form of a data purchase contract.
In exchange, NASA has the right to use all SeaWiFS data
for research purposes, including direct reception and
distribution, once data are more than 14 days old, and
provided all users are restricted from non-research data
use. NASA also has limited rights to use data in real-time
for research purposes. Orbital Sciences Corporation will
pursue the market for commercial and operational data
distribution while the data are "fresh" in hopes of
supplementing corporate income beyond .the NASA
payment.

This model has yet to be tested. For data with a high
"perishability," such as ocean color information, it will be
an interesting experiment. For less specialized, land
surface data, it may not be relevant, since many of the uses
are valid for a long period after the data are acquired.

There are no private sector satellites in operation and none
with announced plans in the United States, besides
SeaWiFS, which is principally funded by the NASA data
purchase contract. The view from many sources in the
government is that the principal opportunities for private
commercial involvement remain in the value added domain.
With the public sector the dominant consumer of satellite
remote sensing data in the Unitsd States, it may be
necessary and desirable for the government to continue to
contract for the space segment as a government-managed
service to ensure that it is responsive to public sector
needs.

The broad availability of affordable data in minimally
processed form will provide vast opportunities for the
development of applications, and for thriving business in
sale of hardware, software, and services associated with the
use of such data in the broad spectrum of uses, including
for the federal government. This effort is supported by
programs such as NASA's Research Announcement series
for applications demonstration projects in remote sensing.
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5. FUTURE DATA POLICY DEVELOPMENTS

S. 1 INTERNATIONAL EARTH OBSERVING SYSTEM

For the Earth Observing System, NASA has been working
with the European Space Agency (ESA), the European
Organization for the Exploitation of Meteorological
Satellites (EUMETSAT), NOAA, and Canadian and
Japanese partners to establish a set of international data
exchange principles. These principles will be embodied in
formal memoranda of understanding among the partners,
and will apply to those programs designated by the
managing agencies as part of the International Earth
Observing System (IEOS). As the draft principles now
stand, the IEOS elements include EOS; the Polar Orbit
Earth observation Mission (POEM), beginning with
POEM-I; the polar orbiting operational environmental
satellite series after NOAA-N; the Tropical Rainfall
Measuring Mission (TRMM); and the Japanese Advanced
Earth Observation Satellite (ADEOS). These principles are
consistent with existing U. S. statutes and regulations. They
provide for exchange of IEOS data among the participating
agencies, and the ability for each partner to provide
appropriate data to users the partner designates for
research, non-commercial operational use for the public
benefit, and applications demonstrations at the marginal
cost of filling the specific user request. The principles give
the agency responsible for a particular data set the ability
to impose certain restrictions, such as non-reproduction and
non-distribution, to protect potential commercial market
opportunities and guard against unauthorized use. Agencies
that prefer and have the authority to make their data more
openly available may waive such restrictions.

missions. To date, agreement has been reached on data
exchange principles in support of global change research.
A meeting is planned for the fall of 1992 to continue
development of the CEOS data principles beyond research

While CEOS has no formal legal standing, it was created
by agreement of the Heads of State at the Group of Seven
Economic Summit in 1984 in Williamsburg, Virginia, and
endorsed at the 1989 Paris G-7 Summit. The operating
principle of CEOS is to enable individual agencies with
responsibility for Earth observations satellites to plan and
allocate resources in compatible and complementary ways
through intensive exchange of information, joint technical
studies and demonstrations, and other forms of
coordination. The data policy principles developed by
CEOS are not legally binding, but represent the consensus
of the participating agencies and reflect the common
appreciation of the value of coordinated and harmonized
approaches in the interest of improved service to users.

6. LEGALlSSUES

The United States Government cannot copyright satellite
data. In fact, current interpretations of the Freedom of
Information Act (FOIA) are that data in the physical
possession of U.S. Government employees or at U.S.
Government facilities must be made available to any
requestor under FOIA at the cost of reproduction regardless
of whether the data are also available through a commercial
distributor. Thus there is no legal basis for a multi-tiered
or market-based pricing policy to be enforced if one were
imposed.

These principles will be included in bilateral memoranda of
understanding between pairs of partners who have
instrument exchange agreements, as part of the conditions
for cooperation. NASA is developing such memoranda or
other agreements with ESA, the Canadian Space Agency
(CSA), EUMETSAT, the Japanese National Space
Development Agency (NASDA), and the Japanese Ministry
of International Trade and Industry (MITI) for various
aspects of the IEOS. Other partners may wish to
exchange letters or otherwise formalize their commitment
to the data exchange principles. It is NASA's intention to
sign these agreements before the end of 1992. NOAA and
EUMETSAT are also developing a memorandum of
understanding for their cooperation in the operational polar-
orbiting environmental observations and will include a
compatible data policy in their agreement.

5.2 CEOS

The Committee on Earth Observations Satellites (CEOS) is
endeavoring to develop a set of data exchange principles
which would cover the full range of remote sensing

Congress is expected to ensure that public sector, non-
commercial uses of data are supported through data
distribution on a marginal cost basis, both for future
Landsat data distribution and for data from experimental
satellites. The debate may continue for some lime on
whether all users can or should be provided data from
federally funded missions on this same basis in a
nondiscriminatory manner, or whether we will maintain
some attempts at recovering user fees from commercial
users in the future. The question includes consideration of
the equity of charging taxpayers for the use of a system
that they already financed. It involves international
reciprocity, and the desire to ensure that if the U.S. offers
a valuable information resource to the international
community on a non-commercial basis, that comparable
contributions are offered by others. There are perceptions
that inexpensive data from government sources might
inhibit investment in possible alternative private space
systems of which government users could become
customers.

I
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There is also debate on whether privately-funded remote
sensing satellites should be free to discriminate in their data
policies, following the opportunities of the marketplace.
The questions in this debate are complex and not easily
answered, and the impact of decisions is substantial. As of
the time of this conference, the outcome of the debate is
uncertain.
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government «nd the international community are the drivers
in defining data policy approaches and resulting legal
structures. The movement away from viewing publicly-
funded data as an economic resource to be protected, and
toward a public good to be shared widely makes the legal
structure less critical to our success.

1

7. CONCLUSIONS

The data policy situation in the United States for Earth
remote sensing satellites is in transition. The increased
importance of research and monitoring to understand global
environmental conditions, physical processes, and change
has highlighted the importance of full and open access to
all relevant data by the widest scientific and operational
community on an international basis. No individual nation
can afford to develop and maintain the necessary
observation and analysis capability, nor can all the
scientific progress be confined to one set of researchers.
Thus, the global community depends on this open access to
data to support and sustain our commitment to improved
understanding and monitoring of the condition of our
planet.

Past efforts to offset some of the cost of this undertaking
through mixing commercial opportunities with public
service functions have met with mixed success at best.
Some programs may be collecting enough revenue through
data sales to offset a portion of the operating costs of
ground systems. To date, we have failed dramatically to
generate enough revenues from a commercial approach to
sustain a full space-based observing capability. The
unsuccessful U.S. attempt has been adopted in other
programs with uncertain results, at least seen from the
United States.

Governments generally want to improve the. cost/benefit
ratio of their programs by reducing their budget
obligations. However, another approach to improving
cost/benefit ratios is maintaining the same cost while
increasing the benefits. This is the approach pursued
through the proposed Landsat amendments and other policy
modifications to ensure that programs are operated and data
are provided in a way that maximizes the public return on
the investment. In this interest, while we will be able to
recover operating costs and maintain discipline through
charging marginal cost for data access, we will not be
driven to program decisions which may not be in the
interest of the broad community, but solely based on profit
motives.

8. REFERENCES

1. Public Law 98-365, July 17, 1984, "Land Remote
Sensing Commercialization Act of 1984."

2. Gross, Edward M., "The National Weather Service and
the Private Weather Industry: A Public-Private
Partnership," undated (c. 1991), National Weather Service.

3. NASA Management Instruction 8000.3, dated March
22, 1991, NASA Headquarters. Washington, DC.

4. Executive Office of the President, National Space
Policy Directive #5. Land Remote Sensing Strategy, issued
February 5, 1992, Washington, DC.

5. Executive Office of the President, "Data Management
for Global Change Research Policy Statements," July 2,
1991, Washington, DC.

1

The legal framework in the United Stales is not extensive,
and is under active consideration and revision at the
present. The scientific and operational requirements of the
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1- La téléobservation de la terre par
recours aux satellites d'observation prend un essor
considérable qui appelle, de manière de plus en plus
pressante, la mise en place d'un cadre juridique
complet et adéquat1. Pour.ne s'en tenir qu'aux
programmes de télédétection, en vingt ans, Ie
monde est passé de deux programmes, maîtrisés par
les super-grands (Landsat, pour les USA, et Meteor,
pour ITJRSS) à plus d'une douzaine de programmes
impliquant, de manière directe ou indirecte2, la
plupart des Etats du globe; les prévisions sont
encore à la croissance pour les alentours de l'an
20003. Les possibilités remarquables -quasi
illimitées- qu'offre cette technique d'observation en
sont Ia cause. Trois applications majeures ont,
jusqu'à ce jour, été développées : une utilisation
militaire qui permet notamment de contrôler Ia

' Ceci ne veut pas dire que tout soit à faire; ceci veut dire qu'il
faut recenser l'existant, Ie coordonner et le compléter dans la
mesure des besoins.
2 Certains Etats qui en avaient la volonté comme les moyens
financiers et technologiques ont lancé leurs propres
satellites. Ce fui le cas, par exemple, de la France, du Canada,
de l'Inde, de la Chine, du lapon, du Brésil... Mais d'autres
Etats préférèrent y participer au travers d'organisations
régionales (programmes européens lancés par VESA) ou se
contenter de s'inscrire dans le réseau terrestre de distribution
des données en construisant des stations au sol. Quoiqu'il en
soit, l'utilisation des satellites nationaux s'inscrit dans des
programmes de coopération internationale et' la participation
des Etats est souvent multiple : ainsi, par exemple, l'Inde qui a
lancé son propre satellite crée et gère, par ailleurs, des
stations »u sol qui recueillent des données pour le compte de
l'ESA et la France, qui a lancé son propre satellite Spot,
coopère néanmoins aux programmes européens de l'ESA.
' Voir étude Logica "Assessment of remote sensing ground
infrastructure requirements" • Mai 199!-Final report, p. 14
figure 2-1.
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réalité du désarmement4 et dont la guerre du Golfe a,
par ailleurs, montré le caractère stratégique dans un
contexte plus offensif5; une utilisation
météorologique 6 qui fût, chronologiquement, la
première des applications civiles de la
téléobservation et qui reste, aujourd'hui encore, une
application extrêmement importante; enfin, une
troisième utilisation concerne la gestion de
l'environnement?. C'est à cette troisième
utilisation qu'est plus particulièrement réservé le
terme de télédétection^.

4 Courteix.S. "Les satellites bleus au service de la pais et du
désarmement", German Yearbook of international Law,
vol.24.1981, p.242-261; Kuskuvelis, 1."La légalité
coutumière de l'observation spatiale militaire" Revue de
dropil aérien, 1990, p.297 et s.;L»cosle (Amiral)"Que peut
apporter l'espace militaire à l'Europe" , Revue de
l'Aéronautique et de l'astronautique, 1989, p.48 et t.
^ On pourrait s'étonner, compte tenu des principes pacifiques
qui régissent l'utilisation de l'espace extra-atmosphérique',
qu'un usage militaire des satellites ait pu prospérer; c'est que
cet usage militaire est considéré comme pacifique parce que
purement défensif. En ce que les satellites ne portent pas
d'armes, il est vrai qu'ils ne peuvent pas être offensifs; en
revanche, leur utilisation est moins typée que l'on veut bien le
dire. Elle peut servir la défense d'un territoire comme
l'agression d'un autre, les deux notions étant éminemment
relatives. Quoiqu'il en soit, l'usage international est en faveur
de la reconnaissance de cette activité. Les Etats la tolèrent
ainsi qu'en témoigne, par exemple, l'accord sur la limitation
des systèmes anti-balistiques qui reconnaît l'existence de
satellites espions chez les deux super-grands et considère
qu'ils sauvegardent l'équilibre des forces; il a même été
proposé par la France à l'Assemblée générale des Nations
Unies de créer une agence internationale d'observation
satellitaire pour contrôler la réalité des désarmement.
6 Les premiers satellites météorologiques ont été lancés dans
les années soixante.

Ce second type de programme a été inauguré avec la série
des Landsat américains dont le premier a été lancé le 22 juillet
1972.
Q0 Ceci ressort clairement de la définition qui figure dans la
résolution 41/65 des Nations-Unies (principe 1-a) : "sensing
of the Earth's surface from Space by making use of the
properties of electromagnetic waves emits, reflected or
diffracted by the sensed objects, for the purpose of improving
natural resources management, land use and protection of the
environment". La substituion du terme télédétection
(correspondant à l'anglais remote sensing) au terme
téléobservalion généralement utilisé jusque-là avait été
proposé par la France dans un document présenté le 12 mars
1985 (Doc. A/AC105 C2/L150) et fut entériné par le sous-
comité du CUPEEA le 19 mars 1985 (Doc. A/AC 105/352). La
définition donnée par le texte de la résolution 41/65 comporte
un élément relatif à la technique utilisée et un élément relatif
au domaine auquel on applique cette technique : ne relèvent de
la télédétection que les applications de la téléobservation qui
ont pour finalité l'amélioration de la gestion des ressources
naturelles, l'aménagement du territoire et la protection de
l'environnement. Le fondement de cette terminologie est
moins à rechercher dans la nature des données ou celle de
l'utilisation que dans la volonté d'isoler le régime juridique
applicable à ce type d'opération, voir Pcyrefîtte, L. "Le
régime juridique de la télédétection spatiale" in Revue de droit
aérien, 1991,p.l83 cl s.

-, r
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2- En raison de leur nature, les
programmes militaires sont et resteront toujours des
programmes étatiques et secrets. Les programmes
météorologiques ont ceci de particulier qu'ils
intéressent la sécurité publique; c'est pourquoi la
fourniture des informations météo, loin d'être grevée
par le secret, est universellement considérée comme
relevant d'un service public ce qui les maintient
plus ou moins nécessairement dans l'orbe du droit
public. Restent les programmes de télédétection
stricto sensu qui n'appellent ni la couverture par le
secret, ni le renvoi à la notion de service public.
Pour ces programmes, très coûteux comme tous les
programmes spatiaux, le problème se pose de façon
de plus en plus aiguë de la commercialisation
des données qui en résultent. Les Etats qui,
jusqu'ici, ont financé ces programmes, tantôt
directement tantôt au travers d'organismes
internationaux, souhaitent sinon se dégager de telles
charges du moins bénéficier d'un retour sur
investissement. Concrètement la commercialisation
n'implique pas en soi la privatisation. De la même
manière Ie recours à Ia privatisation n'implique pas
qu'elle soit totale comme ce fut le cas aux Etats-
Unis; il est clair néanmoins que c'est tout de môme
la voie la plus logique dans une économie libérale.

3- Chaque solution comporte son lot de
difficultés. La privatisation totale oblige à se
demander dans quelle mesure le droit international
public admet que des entreprises privées puisse
intervenir dans le segment spatial. Le maintien dans
la sphère étatique oblige à se demander quel peut
être le fondement de l'action administrative, dès lors
que la commercialisation de ces données ne ressortit
plus à une mission de service public. Enfin, la
privatisation partielle met l'accent sur les modalités
du rapport à instituer entre le secteur privé et Ie
secteur public. Cette question est plus largement
posée dans le cadre de la commercialisation de
l'information administrative ; la réflexion générale
pèse ici de tout son poids sur la réflexion
particulière. Les lignes directrices de la CEE pour la
synergie entre secteur public et secteur privé
tendraient à priviligier un schéma simple : profits
pour le secteur privé, absence de profit pour le
secteur public. Une telle solution condamnerait
naturellement toute possibilité pour les Etats
d'amortir leurs investissements dans un contexte de
privatisation partielle. Outre que, déjà dans Ic cas
général, les administrations nationales ne sont pas
enchantées à l'idée de mettre à disposition du secteur
privé leur fonds dormant sans en partager les
profits, l'idée devient essentiellement discutable
dans le cas des données de télédétection. En effet, si
ces données sont actuellement produites sur fonds
publics ce n'est pas parce que leur collecte entre
dans la mission des administrations, c'est parce que.

au moment où il fallait investir, le privé n'en avait
ni le désir ni les moyens. D'une certaine manière tes
Etats ont joué de facto un rôle d'entrepreneurs qui
explique, aujourd'hui, leurs prétentions
d'entrepreneurs.

4- Ce contexte historique particulier met
en évidence une autre question : l'existence du
marché. La volonté de commercialiser les données
procède moins d'une demande du secteur privé que
d'une volonté du secteur public. A partir de là, la
réalité d'un marché économique viable n'est pas
assurée. S'il n'y a pas de marché des données, la
commercialisation des données n'est plus qu'un
concept. Force est de constater que, en l'état actuel
des choses, 75% des données, aux Etats-Unis, et
90%, en Europe, sont utilisées par des organismes
publics sinon des administrations. Mais à l'inverse,
le faible développement du marché actuel ne permet
de conclure qu'un marché potentiel n'existe pas. Il
peut n'être lié qu'à des facteurs conjoncturels.
L'utilisation des données, la confection des produits
dérivés à partir des données prétraitées requiert de
gros investissements des industriels; pour que le
marché se développe, il faut que les industriels
investissent. Or, ils ne sont disposés à le faire que
s'ils sont assurés d'une protection juridique des
produits et d'un suivi technologique pendant au
moins dix ans. L'exigence de suivi technologique
donne à penser que le maintien, pendant un temps
au moins, du segment spatial sous contrôle étatique
pourrait être un facteur plus rassurant que la
privatisation complète. Quant à la protection
juridique des données et des produits, elle au coeur
de la constitution d'un marché puisqu'elle est un
prércquis des investisseurs privés autant qu'un outil
juridique de remontée des profits vers les
investisseurs publics. Même si la
commercialisation des données de télédétection
soulève bien d'autres problèmes en droit
international public comme en droit interne, c'est
certainement la question qui, dans l'immédiat,
appelle Ie plus sûrement un approfondissement.

5- La Commission des Communautés
Européennes a pris conscience, depuis longtemps
déjà, des enjeux attachés au marché de l'information
aussi bien sous son angle audiovisuel
qu'informatique; après avoir adopté une Directive
relative aux logiciels et mis en chantier une autre,
relative aux banques de données, elle s'attaque
aujourd'hui aux données satellitaires. La DG XII a
mis sur pied un vaste programme visant à dégager,
au plan communautaire, une politique cohérente en
matière de données satellitaires. En marge de
groupes de travail offrant un terrain d'expression et
de conciliation à chacun des principaux
protagonistes, la Commission a mis en chantier
trois éludes : une étude générale, une étude
économique et une étude juridique. C'est en qualité
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de responsable de l'étude juridique que j'ai été invité
à vous parler aujourd'hui. Je serais bien en mal de
vous donner les conclusions de l'étude car elle ne
fait que commencer; de la même façon, je ne saurais
vous faire bénéficier des apports de droit comparé
puisque, selon le calendrier retenu, les membres de
l'équipe de recherche qui a été constituée dans les
divers pays de Ia Communauté n'ont pas encore
fourni leur contribution. Ce que je peux faire, en
revanche, c'est essayer de vous présenter la
problématique qui a été soumise à la Commission
et qui l'a conduite à retenir le projet. Quoique l'étude
finale s'avère être plus large, je me concentrerai ici
sur un point dont il a déjà été dit qu'il revêtait une
importance toute particulière : la protection
juridique des données et des p r o d u i t s
informationnels dérivés de la télédétection.

6- Celte question s'insère dans un débat
juridique plus large qui est celui de Ia réservation -
sinon de la propriété de l'information-. Lorsque l'on
évoque la question-tabou de la propriété de
l'information, il faut immédiatement distinguer
plusieurs situations : propriété de l'information en
soi, propriété de certaines catégories d'informations
et la propriété d'états particulier et transitoires de
l'information. En l'état, aucun texte de droit français
ne consacre la propriété de l'information en général.
Ceci s'explique par le fait que l'information
s'identifie à !'outil d'organisation de la vie sociale
comme à l'outil d'élaboration collective du savoir
(la science pure comme appliquée). Est-ce à dire
qu'une propriété de principe sur l'information
paralyserait inévitablement la vie sociale? Ce n'est
pas assuré. La reconnaissance d'un droit subjectif
n'implique pas son constant exercice dans Ia vie
sociale; il y faut encore un intérêt à l'exercer; or,
dans la plupart des cas où l'information collabore à
l'organisation de la vie sociale, l'intérêt à affirmer ce
droit fera défaut. Il n'en reste pas moins que, si Ie
principe était admis tel quel, il pourrait en résulter
des perturbations sociales importantes. Présentée
sous forme de principe général, Ia règle ne
permettrait pas d'en cantonner le domaine
d'application. Il existe de nombreux domaines dans
lesquels l'exercice du droit présenterait un intérêt
concret et déboucherait sur un contentieux :
information scientifique décrivant une découverte,
loi scientifique formulée, description de méthodes,
information à valeur commerciale etc...
L'affirmation de ce droit entraverait la liberté du
commerce et de l'industrie, ne pourrait conduire qu'à
un renchérissement des coûts de production et
désorganiserait les propriétés intellectuelles
existantes qui, pour la plupart, comportent un
contenu informationnel. Le contenu étant déjà objet
de propriété, on ne voit pas très bien ce
qu'apporterait la propriété du contenant. Quoique la

question ait périodiquement ressurgi, la tendance
constante est au refus d'une protection de principe.

7- La propriété de certaines catégories
d'informations ne se heurte déjà plus aux mêmes
résistances. Les effets économiques de cette
propriété ne seraient plus incontrôlables mais
circonscrit au domaine défini par la loi; elle aurait
néanmoins le fâcheux inconvénient de créer un
précédent, de contraindre à exercer un choix entre
plusieurs candidats à la protection, insistant de
manière malencontreuse sur les exclus, et l'on sait
que, à terme, par ajouts et réformes successives,
cela signifierait l'extension assurée de l'exception.
Pratiquement, on observera que le droit positif
consacre une certaine forme de propriété sur certains
types d'informations : lorsque le droit des brevets,
par exemple, limite la protection à ce qui est
revendiqué, l'objet de la protection se distingue mal
de l'information qui sert à le définir. II n'en reste pas
moins -ce qui est essentiel sur le plan théorique- que
la protection n'est pas accordée à l'information
industrielle nouvelle et inventive mais à
['invention. De la même manière, la protection du
logiciel et des banques de données consacre un
pouvoir juridique fort sur une certaine catégorie
d'informations mais, selon la même méthode
juridique que pour les inventions brevetées, la
protection n'est pas accordée à aux instructions ou
aux données en tant qu'informations mais à la
création réalisée à l'aide des instructions et des
données. L'examen du droit positif révèle que cette
tendance est constante. En législation autant qu'en
jurisprudence, la protection directe est refusée à
l'information en tant que telle; mais il n'est pas
interdit, sous réserve de dénaturation des
institutions, de recourir à la propriété de certains
"contenants" pour contrôler le devenir économique
de l'information, d'où le recours aux notions
^'oeuvre, d'invention, de modèle etc...

8- Dans celte perspective globale, le
logiciel présente toutefois une double particularité
qui remet, peul-êlre, en cause ce bel équilibre.
D'abord, s'agissant d'un code formel et non d'un
langage au sens usuel du terme, il n'esl pas évident
qu'une création de forme existe en dehors et
indépendamment de l'élaboration de l'information
elle-même. En d'autres termes, il est rien moins
qu'évident que le contenant reste arbitraire au regard
du contenu el que l'un puisse être protégé sans que
la protection ne porte, en réalité, sur l'autre. Par
ailleurs, puisqu'il a été choisi de protéger Ie logiciel
par droit d'auteur, force a été de limiter la protection
à la création sans !'étendre au genre ; cet impératif
méthodologique a donné un relief tout particulier au
critère d'originalité, garant de la création,
notamment en droit allemand. Mais -contrepartie
d'un double langage- ce que l'on souhaitait protéger
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était en réalité l'investissement économique, le
temps-homme dépensé à développer le produit,
indépendamment de son apport à Ia technique de
programmation et des "astuces" de construction,
c'est à dire, en réalité, indépendamment de son
apport créatif... d'où une originalité complètement
dévaluée dans la Directive qui cherche à cerner au
plus près les besoins de l'industrie. Quoique, le
problème ait été également situé sur Ie terrain du
droit d'auteur pour les bases et banques de données,
il se présente exactement de la même façon : ce que
l'on veut protéger c'est l'investissement économique
même si l'on fait semblant, pour les besoins de la
cause, de parler de créations informationnelles ou
d'oeuvres d'information... d'où la nécessité de
prévoir, dans le projet de Directive "banques de
données", un régime particulier pour les banques
non-originales. Et c'est encore largement sous ce
même rapport que se pose le problème de
l'information satellitaire.

9- On retrouve, dans les problèmes
soulevés par Ia protection des données de
télédétection, Ie même problème de critère que celui
soulevé par les logiciels : doit-on ne proléger que la
création décelable dans les données produites ou
doit-on protéger l'investissement nécessaire à la
production des données au travers du flux produit?
Ce qui est différent toutefois c'est que le contexte
technique de la télédétection interdit tout faux-
fuyant. Le développement d'un produit-logiciel
requiert des hommes pour couvrir des feuilles de
papier de symboles ou pour paramétrer des outils de
développement. Cette intervention humaine directe
a permis de cultiver, non sans quelque lyrisme,
l'analogie avec la création des oeuvres de langage
voire même des oeuvres musicales, bien que ces
analogies soient largement factices et destinées à
apaiser les scrupules des juristes plus qu'à refléter
une réalité. Dans le cas de la télédétection, ç_e.
rattachement ténu et formel à la propriété littéraire
classique disparaît parce que l'intervention humaine
directe s'efface. La rupture des solutions techniques
conduit à la rupture des solutions juridiques : l£
droit d'auteur ne protégeant que la création humaine.
l'absence d'intervention humaine écarte toute
prétention à la propriété intellectuelle. Avant
d'entériner, toutefois, des conclusions aussi
définitives, il faut se demander si logiciel n'a pas
déjà introduit une espèce de rupture dans les
principes juridiques qui conduit à placer ailleurs la
limite entre ce qui est protégégeable et ce qui ne
l'est pas. Lorsque l'on raisonne, non plus dans le
contexte du droit d'auteur applicable aux oeuvres
classiques, mais dans le contexte du droit d'auteur
applicable aux programmes d'ordinateurs les
réponses sont nettement moins iranchées.

10- La fiction de l'empreinte de la
personnalité du programmeur était tellement peu
souicnable que la Cour de cassation française a fait
dériver Ic critère, de sa définition traditionnelle vers
l'apport intellectuel. Encore peut-on se demander de
quelle sorte d'apport intellectuel elle entend parler :
apport créatif ou apport en travail ? Initialement la
jurisprudence française avait donné un sens fort à
l'apport requis; elle avait exigé un apport créatif qui
s'inspirait du droit des brevets. Il semble bien
néanmoins que, au terme d'une évolution
jurisprudentielle consacrée par la Directive, on en
soit venu à une toute autre conception de l'apport :
celle de l'apport en travail9. Dans Ia plupart des cas,
le développement d'un logiciel ne consistera qu'à
mettre en oeuvre une méthode connue pour résoudre
un problème nouveau, c'est à dire à travailler sans
créer au sens strict du terme ; et ce que l'on
protégera par droit d'auteur sera ce travail requis
pour meure en oeuvre la méthode non la création
discernable dans la chose produite. Or1 si l'on
abandonne le terrain de la création stricto sensu
pour en venir à celui du travail requis pour aboutir
au produit, le problème de la protection des données
de télédétection se pose sous un jour différent.
L'apport humain et intellectuel est constant d'un
bout à l'autre de la chaîne : sans l'homme il n'y
aurait déjà pas de satellites dans l'espace; la
difficulté lient, d'une part, à ce que l'apport est
entièrement indu dans un processus automatique
et, d'autre part, à ce que l'objet dont on cherche à
affirmer l'appropriation n'est pas ce processus lui-
même mais ce qu'il produit. A partir du moment
où, d'une part, le recours à un système de traitement
de l'information n'exclut pas la propriété
intellectuelle sur la chose produite et où, d'autre
part, on a admis que le travail de programmation est
source de propriété, la question de la non-
intervention directe de l'homme devient un faux
problème. Les obstacles intellectuels les plus
importants ont déjà été levés : il ne reste plus qu'un
dernier pas à franchir pour admettre que
l'investissement intellectuel et financier consenti
aux fins d'obtenir certains types de données confère
une propriété sur ces données10. Mais il est clair
que cette dernière étape n'est pas incluse dans l'état
du droit positif et que le droit des créations
incorporelles a atteint sa limite de cohérence.
L'argument qui consiste à dire : puisque nous avons
déjà dénaturé la propriété littéraire et artistique,
n'hésitons plus à la dénaturer davantage, n'est pas
nécessairement paré de toutes les séductions.

Voir, infra, la protection des données traitées.
10 Un problème analogue va se poser de manière de plus en
plus aiguë en matière de programmation avec la tendance
croissante à développer des logiciels * l'aide d'autres
logiciels.
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11-Devant l'éclatement des régimes, la
répétition des problèmes et l'imperfection des
solutions apportées, la question que l'on est en droit
de se poser est celle de savoir si la réflexion a bien
été engagée sur le bon terrain. Les trois problèmes
évoqués ont un point commun qui est l'état
numérisé et fixé sur support magnétique sous lequel
se présente l'information. Plutôt que de s'attacher
successivement aux différentes applications de
l'information numérisée (dont la liste n'est pas
close), on peut se demander s'il n'aurait pas été de
meilleure méthode de s'interroger sur le statut de ce
conditionnement particulier de l'information. Il est
tout à fait concevable d'organiser un régime de
propriété de l'information numérisée qui ne
retentisse pas sur la liberté de l'information
communiquée : une liste de températures sous
forme numérisée peut être objet de propriété, n'être
susceptible de reproduction et de traitement en cet
état que sous réserve d'une autorisation de celui qui
a numérisé ce corpus, sans que les températures
communiquées à un utilisateur ne soient, elles,
objet de propriété. De la même manière, un code
objet peut être approprié à raison de sa présentation
(information binaire sur support magnétique) sans
que ses fonctions, ses commandes ou ses écrans ne
le soient nécessairement.

12- Par ailleurs, ce que l'on souhaitait
réellement instituer était une espèce d'action en
concurrence déloyale figée dans un droit privatif de
façon à obtenir le résultat d'une condamnation pour
détournement d'investissement sans assumer les
aléas judiciaires de l'action de droit commun; c'est
précisément ce en quoi consiste un droit voisin. La
reconnaissance d'un droit voisin sur l'information
numérisée eût épargné le débat sur l'originalité, la
dénaturation du droit d'auteur, l'empiétement de la
Communauté sur les régimes de propriété
intellectuelle nationaux ainsi que la multiplication
des régimes spéciaux (logiciels, banque de données
etc...). A partir de là, il eût été concevable d'étendre
sélectivement la protection de certains corpus
d'informations numérisées à certaines de leurs
traductions formelles (clichés satellitaires). A.
l'opposé de cela, il a été choisi de ne pax tenir
compte du conditionnement particulier sous lequel
se présente l'information dans les systèmes
d'information, pour ne raisonner que sur
!!information sous sa forme communiquée. Il en est
résulté la nécessité d'établir la création de forme
dans le code source du logiciel ou dans l'architecture
de la banque, avec tous les artifices qui en découlent
et les dénaturations conceptuelles inévitables pour
conserver au système son efficacité. Certes, on
s'est focalisé, non sans raisons, sur les exigences
internationales de la protection; la réalité en est bien

certaine, mais rien ne permet d'affirmer que la fin
devait à ce point gouverner la méthode.

13- Quoiqu'il en soit, le droit positif ayant
pris une autre direction, il nous faut nous plier aux
possibilités qu'il offre : puisque protéger en bloc les
données comme une entité unique soumise à un
régime unique à raison de l'investissement consenti
pour mettre en place le système est plus que ne peut
accepter le droit positif, nous procéderons de
manière analytique en partant des données et nous
distinguerons entre les données brutes -ou
encore les données primaires selon la
terminologie de l'ONU- (1°) et ce que, par
opposition, on peut appeler les données
traitées1'(incluant les produits commerciaux
issus des données prétraitées) (11°).

I") LA PROTECTION DES DONNEES
BRUTES

14- Les données brutes ne sont autrechose
que des ondes électro-magnétiques réfractées par le
globe terrestre, captées par le satellite, transformées
en signaux numériques et réexpédiés vers le sol. La
question de leur protection ne se pose pas tout à fait
identiquement durant la phase spatiale (A) et après
captation au sol (B).

A) PROTECTION DURANT LA PHASE
SPATIALE

15- Durant la phase spatiale les données
émises par le satellite sont vulnérables à Ia piraterie
dans la mesure où, transitant dans l'éther, elles sont
physiquement captables par toute personne qui
dispose des installations nécessaires. Il est clair que
si les données émises par le satellite sont
protégeables par droit d'auteur, d'une part, la
captation par une personne non autorisée est illicite
car celte captation appelle une fixation qui est une
reproduction et, d'autre part, ces données restent
protégées une fois fixées par la personne qui y a été
autorisée. Si donc les données sont protégeables dès
rémission, les dangers inhérents à la phase spatiale
sont écartés et le statut juridique des données brutes
reste identique qu'elles soient fixées ou non. Mais
précisément, il est extrêmement douteux que les
données émises par le satellite soient actuellement
protégeables par la propriété intellectuelle (1°). D'où
la question de leur protection indirecte se pose
sérieusement (2°).

1°) Protection des données brutes par
appropriation

Voir U méthode adoptée dans notre anicle pour Ia
Biennale de l'IBA, Hong Kong 1991, intitulé "application of
copyright to remote sensing data".

i
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16- La protection directe par recours à
la propriété intellectuelle (dans sa version copyright
ou sa version droit d'auteur ) est délicate à
envisager. Quel que soit le type de législation et Ie
contenu des concepts, il y a une constante : pour
que ces données soient protépeables. elles doivent
constituer une oeuvre originale. Le copyright
achoppe sur la notion d'oeuvre qui requiert une
fixation, or. les données sont, dans la plupart des
cas, directement émises sans avoir été fixées: elles
ne sont fixées, le cas échéant, qu'au sol et -qui plus
est- dans certains cas, par une personne à laquelle on
ne souhaite pas nécessairement conférer la qualité
d'auteur (une station étrangère de réception au sol du
signal). La définition de l'originalité, en revanche,
dans les législations de copyright n'est pas un
obstacle aussi délicat à surmonter qu'en droit
d'auteur (ce qui ne veut pas dire qu'elles soient
nécessairement acquises), car elle met surtout
l'accent sur le fait d'avoir produit la chose de
manière indépendante, sans avoir copié. Elle insiste
donc surtout sur Ia plus-value économi jue exclusive
de tout parasitisme. C'est d'ailleurs cette définition
qui a prévalu en matière de logiciel dans la Directive
de mai 1991. Le droit d'auteur réagit
naturellement différemment selon qu'on le sollicite
sous sa forme traditionnelle ou sous sa forme
"adaptée" aux produits informatiques.

17- Si on l'envisage sous l'angle de la
propriété littéraire et artistique, la seule chose que
l'on puisse envisager de protéger est la forme
visuelle du cliché. Mais, au niveau du satellite, le
produit de l'opération n'est qu'un flux de données,
non une image12. Tout ce qui est antérieur à
l'image ne sera éventuellement protégeable que
comme un équivalent du cliché, symétriquempent à
la manière dont les images protégées le restent
lorsqu'elles sont intégrées à une banque sous forme
numérisée. On perçoit bien néanmoins que cette
approche qui consiste à protéger les données des
l'émission par Ie satellite de manière récursoire à
partir d'un objet que l'on tire d'elles, esi dénuée de
fondement logique. Contrairement à ce qui se passe
dans les banques d'images, l'image ne préexiste pas
aux données qui n'en seraient que la traduction: ce
sont les données qui, au contraire, préexistent à
l'image. Puisque le produit brut de la tclcdcction est
un flux de données (qui ne sera peut-être jamais
transformé en images) c'est en termes de données
qu'il faut raisonner, non en termes d'images, c'est à

dire en propriété intellectuelle de l'informatique, non
en propriété littéraire et artistique.

18- Si l'on raisonne maintenant en termes
de créations informationnelles (c'est à dire d'objets
non perceptibles aux sens et destinés à un système
informatique), la protection ne doit pas être exclue
du seul fait que l'on passe à des données, elle reste
néanmoins extrêmement douteuse. En effet, les
données émises par le satellite ne sont que des
ondes naturelles transformées par un
moyen automatique. En tant qu'ondes
naturelles, elles ne sont pas appropriables par le
droit d'auteur puisqu'elles sont un donné préexistant
à l'intervention du satellite non une création. Le
processus de transformation étant automatique, il ne
peut donner prise à aucun acte créatif. Les données
émises ne peuvent donc être que la matière première
d'une création informatique (une base de données)
mais en elles-mêmes elles ne sont pas protégeantes.
Si l'on peut admettre que l'orientation des capteurs
correspond bien à une sélection des matériaux, ces
matériaux ne sont pas, dans cet état, encore
structurés par un acte créatif. Ils ne sont qu'un
rassemblement de données sélectionnées, non
l'organisation de données choisies.

19- II est douteux que la seule sélection de
données, non protégeables par elle-mêmcs, suffise à
constituer une oeuvre originale puisque, même
lorsque l'on opère sur des extraits d'oeuvres
protégées (anthologies), Ic droit français requiert
choix ci organisation. Assez judicieusement la
jurisprudence française fait s'ailleurs une différence
entre une collection d'objets (protégeables ou
non) qui, en tant que telle, ne peut pas constituer
une oeuvre (môme si elle a été le fruit d'une
sélection)13 et une exposition de ces mêmes
objets qui le devient parce que, outre la sélection des
pièces, elles ont été ordonnées par un acte créatif
pour être présentées à un public'"*. Dans le même
sens, la Cour de cassation française a récemment
rappelé qu'une simple compilation d'informations
ne pouvait être protégeable en elle-même tant qu'il
n'y avait pas organisation de ce corpus'-'. En l'état,
il est par conséquent douteux que le flux de données
constitue même une oeuvre. En ce qui concerne la
notion d'originalité, si l'on raisonne en terme
d'apport intellectuel (qui est Ie critère correspondant
à l'analyse en terme de corpus de données), il est
également douteux que l'apport soit constitué à ce
niveau du processus car s'il y a bien eu sélection, il

12 D'ailleurs, quand bien même ce serait une image Ia
technique d'obtention de celle-ci diffère de la photographie, or
la loi française ne vise que la photographie cl les procédés
analogues; ce n'est pas naturellement un argument dirimaiu,
mais cela montre tout de même que l'assimilation se discute.

13 Paris, 1ère cvh. 25 mai 1988, DS 1988, 542, note
Edelman; TGI Paris, 27 juin 1990, RIDA n°149 p.245 note
Ph.Gaudrat.
14 Paris, 4c ch. 8 juin 1983, D.83, IR 511, obs.Colombei.
15Cass.civ. 2 mai 1989, Kcv.dr.de l'inf. cl des télécoms,
90/2, p.38 note Ph.Csaudrat.
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n'y a eu aucune organisation de la substance
sélectionnée; or, à s'en tenir à la jurisprudence
Pachot, l'apport intellectuel consiste dans un effort
personnalisé qui se manifeste dans une structure
individualisée; il n'y a, en l'espèce, aucun apport au
niveau de la structuration des données en un corpus
spécifique. La voie de l'application des textes de
propriété intellectuelle aux données brutes paraît, en
l'état, semée d'embûche sauf, bien sûr, à créer des
textes sui generis.

2°) Protection indirecte des données brutes

20- La protection indirecte élude les
difficultés précitées. Elle peut procéder d'une
protection nationale privative (a) ou d'un texte
international (b).

a) Protection nationale privative

21- Le signal étant une grandeur physique
(contrairement à l'information qu'il véhicule), M
n'est pa& exclu d'invoquer sa propriété corporelle
(544 C.civ.l au bénéfice du propriétaire de l'outil
qui le produit. Par application des règles de
l'accession mobilière, ceci permettrait au
propriétaire du signal de revendiquer les supports sur
lesquels il a été fixé. Il est douteux, en revanche,
que la propriété corporelle du signal permette
d'invoquer l'incrimination pénale de vol faute de
soustraction de la part de celui capte sans y être
autorisé. Ce n'est guère gênant car il est
vraisemblable que s'applique l'incrimination des
articles 462-2 et suivants du Code pénal qui punit
l'accès et le maintien non autorisé dans un système
d'information. L'ensemble du processus incluant Ic
segment spatial et le segment terrestre peut
certainement être assimilé à un système
d'information.

22- A condition que les données émises par
le satellite soient considérées comme couvertes par
un secret, la captation sans autorisation des données
peut être alors considérée comme un accès illicite à
un secret. On observera que ces données, non
corrigées, sont normalement inutilisables en cet
état, de sorte qu'elles pourraient être considérées
comme couvertes par une sorte de secret défait. Si
l'on accepte cette idée, la violation du secret
consisterait moins dans la captation des données que
dans le traitement de celles-ci. L'argument n'est
toutefois pas dénué de fragilité lorsque l'on veut
l'exploiter juridiquement. La situation était, en
effet, tout à fait comparable avec les logiciels en
code objet dont le contenu intellectuel n'était
accessible et manipulable qu'après décompilation,
pourtant la plupart des droits nationaux n'ont pas
considéré la décompilation comme un accès illicite
à une information secrète. C'est la Directive qui a

créé juridiquement le secret en n'autorisant Ia
décompilation que dans certains cas.

b) Conventions internationales

23- Sur un plan international, on peut
songer à l'application de la Convention de l'UIT qui
exclut de la captation privée certaines fréquences
ainsi que de la Convention de Bruxelles relative aux
signaux porteurs de programmes qui est peut-être
l'instrument qui remplirait le mieux cet office de
protection des signaux porteurs de données pendant
la phase spatiale, à condition qu'elle soit jugée
applicable et que son application remplisse de
manière satisfactoire la fonction qu'on en attend ce
qui mérite examen car l'extension d'un tel texte à
une utilisation pour laquelle il n'a pas été conçu
requiert un consensus général. Le concept de signal
porteur de programme conviendrait tout à fait au
propos, pour autant que l'on accepte d'assimiler les
données à un programme; et l'engagement des Etats
signataires de faire obstacle à la distribution de ce
signal par tout organisme non destinataire
conviendrait aussi, à condition que l'on admette que
la distribution puisse également avoir lieu par
circulation d'un support. A priori , les obstacles
intellectuels à l'application de ce texte ne paraissent
pas insumontables, encore faut-il être sûr qu'il
existe une interprétation sur laquelle tout le monde
puisse s'entendre qui garantisse une protection
effective durant la phase spatiale. A défaut, ce texte
pourrait servir de support à un protocole ou de
modèle à un texte international distinct qui viendrait
relayer la protection nationale par Ie secret.

B) LES DONNEES BRUTES FIXEES

24- Lorsqu'elles sont fixées, la
problématique concrète de la protection de ces
données n'est plus la même. Elles sont, par la voie
du support, détenue par un récipiendaire. Elles ne
transitent plus par l'éther et ne sont plus offertes
techniquement à qui peut les capter. Elles ne
peuvent parvenir à des tiers que par un acte de
volonté du détenteur du support ou par un acte
d'usurpation d'un tiers (hacker, employé soudoyé
etc...). Il y a donc deux hypothèses différentes : le
récipiendaire divulgue, distribue, commercialise lui-
même les données brutes (1°) ou, au contraire, le
récipiendaire entoure les données d'un secret que
brise un concurrent malhonnête (2°).

1°) Usurpation de données "secrètes" par un
tiers non autorisé

25- Cette hypothèse nous ramène à une
situation bien connue et n'appelle guère de
commentaire; la faute civile, voire pénale sera
souvent facile à démontrer. On a vu la Cour de



I49()

cassation française condamner pour vol des
soustracteurs de disquettes au regard de leur contenu
informationnel. L'accès illicite au fichier par voie
télématique tombera souvent sous le coup d'un texte
spécial (en droit français, la loi Godfrain).

2°) Exploitation des données par le
détenteur du support

26- Cette hypothèse est plus délicate et
plus préocupante. En effet, la personne détentrice
des données captées ne pourra se voir interdire de
mettre les données à disposition de tiers par voie de
reproduction que si les données constituent des
oeuvres protégées. Le recours à la propriété
corporelle du signal atteint, là, sa limite :
l'acquisition du support par un acquéreur de bonne
foi écarte toute possibilité de revendication par le
propriétaire du signal fixé. Même si l'organisme
gestionnaire n'est pas totalement dénué de moyens
pour faire sanctionner les captations non autorisées,
s'il n'est pas titulaire d'un monopole de propriété
intellectuelle sur les données, il ne peut contrôler
l'exploitation des données par le détenteur des
supports ce qui n'est pas sans inconvénient : si Ic
pirate les divulgue, faute de monopole comme de
secret, les données sont dans le domaine public; s'il
les traite, il peut faire apparaître un droit de
propriété incorporelle sur la création à son profit
sans tribut à l'égard du gestionnaire du satellite.
Mais ce qui est essentiel à notre propos c'est que ces
hypothèses sont purement théoriques et n'ont pas
lieu de se rencontrer. En effet, s a n s
pré t ra i tement , ces données sont
inintelligibles et inutilisables. Ce point est
capital pour la construction de la protection. Or, Ic
prétraitement n'est techniquement (et juridquement)
pas possible sans l'aide et l'accord du gestionnaire
du satellite. La clef du marché sur ce point est donc
beaucoup moins la détention des données brûles
que la détention des outils de traitement et le droit
d'y procéder. Sur un plan économique, on voit mal
quel intérêt aurait l'acquisition de données
inutilisables. Juridiquement, l'opération à contrôler
c'est le prétraitement.

27- Nous serions donc porté à conclure, en
l'état de notre réflexion -mais tout cela est à discuter
avec les membres de l'équipe et les experts-, que :

1) les données brutes fixées ont la même nature
juridique que les données brutes transitant dans
l'espace : elles ne sont pas objets de propriété
intellectuelle.

2) toutefois,

* si l'on admet que la protection indirecte^ a
fonctionné durant la phase XpOtIaIe1 la personne qui
a réalisé la fixation est nécessairement une personne
autorisée à le faire.

* Si elle n'a pas fonctionné, ou si l'on a
néglige de l'organiser, il faut pouvoir contrôler
juridiquement le prétraitement. C'est le point que
nous allons examiner à présent.

11°) LES DONNEES TRAITEESMTO
SENSU

28- Ainsi qu'il a été dit, nous incluons
dans la catégorie des données traitées tous les états
postérieurs à ce que les techniciens appellent le
prétraitement. Il y a donc lieu de distinguer, d'une
part, les données prétraitées (qui est l'état dans
lequel les données de télédétection sont livrées à
l'industrie) (A) et les produits informationnels qu'en
tire l'industrie (B). A notre sens, ce n'est qu'à partir
du prétraitement qu'une propriété intellectuelle
pourrait apparaître.

A) LES DONNEES PRETRAITEES

29- De quelle manière les données
prétraitées peuvent-elles devenir protégeable?
Brièvement, les données brutes, pour être
utilisables, doivent être corrigées puis interprétées à
l'aide de coordonnées temporelles; c'est le
prétraitement. Le gestionnaire du satellite se livre
aux calculs nécessaires en fonction de la trajectoire
et fournit à la personne autorisée à capter les
données brutes, l'outil incorporel, le jeu de données,
nécessaire pour les traiter. Il peut aussi capter traiter
et retransmettre; c'est la formule météosat. Il y a
donc deux choses à distinguer dans le traitement : le
set de données de correction (1°) et les données
brutes fixées (2°).

1°) Les données de correction

30- A notre sens, Ie set de données de
correction, à l'aide duquel est réalisé le
prétraitement, a la nature juridique d'un logiciel (ou
un programme, dans la terminologie de la
Directive). En effet, l'opposition entre données et
programmes n'est pas "essentielle" mais
"fonctionnelle". Un programme transmis sur un
réseau n'est rien d'autre qu'un fichier de données. Il
ne retrouve sa nature de programme que lorsqu'il
commande un traitement ou un processus industriel.
A l'inverse, un programme peut n'être constitué que

Voir, supra, le secret, la convention satellite et le droit
des télécoms.
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d'une série de coordonnées (c'est ù dire de données);
c'est le cas des logiciels de tour automatique, de
traçage etc... Dans une décision récente la Cour de
cassation française vient d'admettre à la protection,
en qualité de programme, de modules constitues de
données commandant un traçage de lettres^. Celte
solution a, bien sûr, été rendue par une juridiction
française, mais elle n'est pas impliquée par le droit
français; elle est impliquée par la matière, à moins
d'écarter arbitrairement du champ légal toute une
catégorie de logiciels de robotique. Un certain
nombre de programmes ne sont constitués que d'une
série de coordonnées qui sont des données. Les
données de correction sont exactement de même
nature : ce sont des données spatio-temporelles
organisées pour traiter le flux des données brutes
afin de les rendre identifiables et utilisables. On
peut conjecturer sans Hop risquer de se fourvoyer
que ce jeu de données constitue un programme
protégeable surtout avec la définition de
l'originalité donné par la Directive de 1991. La
propriété en revient à l'employeur, c'est à dire à
l'investisseur. Si l'on admet cette qualification, il en
résulte des conséquences intéressantes : utiliser le
logiciel ne peut se faire qu'avec le consentement du
titulaire des droits, bien que la Directive n'érige plus
l'utilisation en un monopole distinct comme le
faisait la loi française de 1985'. Le traitement passe
totalement sous le contrôle juridique de l'organisme
gestionnaire du satellite qui maîtrise seul ce
"programme" constitué de données.

2°) Les données brutes fixées

31- Ces données, a priori objet d'aucune
propriété, ne sont qu'une "collection de données".
Elles vont être traitées grâce au set de données de
correction et organisées en un tout cohérent et
exploitable à l'aide d'un système informatique.
Partant d'une compilation de données non
protégeable, on arrive ; une base de données
ordonnée grâce au "prog. jmme de traitement". La
question est de savoir si cette base est "originale".
La question mérite discussion à la fois au regard des
droits nationaux et de la future Directive sur les
banques de données. L'apport intellectuel issu de
l'ordonnancement des données brutes fixées par le
programme de correction est évident et la base
devrait être protégeable en droit français en tous cas.
Puisque l'apport intellectuel dont fait preuve la base
procède de la mise en oeuvre du programme de
correction, la propriété intellectuelle issue de
l'apport intellectuel conféré aux données brutes,
revient au titulaire des droits sur le programme de
correction, c'est à dire à l'organisme gestionnaire du

1 Voir Cass.civ. 1ère ch.16 avril 1991, à paraître dans
RDIT 1991/4..
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satellite. Quelle que soit la personne qui réalise
matériellement le traitement, il nous semble donc
que la base de données résultant du prétraitement des
données brutes fixées est la propriété de celui qui a
fourni le programme de correction et non de celui
qui a matériellement réalisé le prétraitement.

B) LES PRODUITS TIRES DES DONNEES
TRAITEES

32- Ces produits sont les clichés
satellitaires, les animations de ces images, les
informations (températures etc...). Il semble qu'il
faille distinguer entre l'extraction automatique (1°)
et la création d'un produit dérivé (2°).

1°) L'extraction automatique

33- Quel va être le statut d'informations ou
d'images extraites automatiquement de la base de
données? Cette question, en réalité, se .-'ubdivise en
deux sous-questions : qui peut extraire ces produits,
de la base? (a) Une fois extraits, ces produits sont-
ils protégeables? (b).

a) Liccité de l'extraction

34- Si la base de données prétraitées est
protégée, on peut sans aucun doute admettre que
l'extraction d'un produit informationnel (image ou
information) est un acte tombant sous le coup du
droit d'auteur, soit en qualité de reproduction
partielle de la base, soit en qualité ̂ arrangement ou
^'adaptation. L'opération suppose la sélection de
données présentes dans la base, leur organisation, la
transformation de l'ensemble organisé dans un état
perceptible à l'homme et la fixation du résultat sur
un support. A la vérité le choix de la qualification
de l'acte lui-même n'est pas essentielle; l'opération
tient à la fois de l'extraction de données d'une
banque de données et de la traduction d'un code objet
en code exécutable. Dans les deux cas, Ie consensus
existe sur le fait qu'il s'agit d'un acte réservé. La
personne qui serait détentrice de la base protégée ne
pourrait donc procéder à cette opération qu'avec
l'autorisation de l'auteur, c'est à dire du titulaire des
droits sur la base. A noter que l'extraction étant
automatique, l'opération est réservée à l'auteur mais
ne produit pas une oeuvre composât objet de droits
pour l'extracteur. C'est un peut la même situaîion
que l'on pu rencontrer en matière de maintenance
corrective de logiciel : l'intervention du mainteneur
pour corriger Ic logiciel ape! Ic soit une autorisation
de l'auteur, soit une autorisation de la loi (ce fut la
voie choisie avec l'article 46 de la loi française; c'est
encore, dans une certaine mesure, celle choisie par
ma Directive logiciels) mais ne donne pas naissance
à un droit d'auteur sur le logiciel corrigé car il n'y a
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pas réellement de création. Il en va différemment,
bien sûr, pour la maintenance évolutive.

b) Protégeabililé des produits

35- Dans quelle mesure -et sur quels
fondements- ces produits extraits automatiquement
de la base sont-ils protégés? En d'autres termes, si
le titulaire des droits sur la base autorise un
détenteur de celle-ci à extraire un cliché, ce cliché
est-il protégé à son tour?

a) Enjeu

36- Si le cliché extrait de la base est
protégé, l'extracteur du cliché ne peut à nouveau le
reproduire aux fins d'exploitation commerciale sans
autorisation; s'il l'a exploité commercialement, un
tiers ne peut le reprendre. S'il n'est pas protégé,
l'extracteur est libre d'en faire ce qu'il veut, une fois
qu'il a reçu l'autorisation d'extraire et les tiers
pourront librement reprendre le cliché.

p) Discussion

37- II y a deux manières de raisonner qui
ont leurs avantages et leurs inconvénients. La
première consiste à dire : puisque le cliché est
potentiellement présent dans la base et puisque la
base est protégée, le cliché extrait de la base doit
être protégé. Sa protection ne découle pas des
caractères propres au cliché mais de son origine:
c'est, d'une certaine manière manière, une propriété
par accession mobilière. Est-il possible de
substituer à une appréciation directe des critères de
la propriété intellectuelle, cette transposition de la
protection, comme si le produit extrait était un
accessoire de la matrice d'extraction? Ce qu'il y a de
sûr, en tous cas, c'est qu'en matière de logiciels et
de banque de données, on ne s'est pas posé la
question. Ce type de raisonnement est le corrolairc
du raisonnement qui consiste dire : puisque le code
source est protégé, Ie code objet qui en est la
traduction fidèle est également protégé, quand bien
même il n'aurait, en lui-même, aucun des traits de
l'oeuvre protégeable au regard de la propriété
littéraire et artistique. C'est encore le corrollairc du
raisonnement adopté en matière de banque de
données : puisqu'une anthologie de textes est
protégée lorsqu'elle est éditée sous forme de livre,
une anthologie présentée sous forme de banque de
données l'est aussi. C'est, enfin, la solution que
retiennent certaines décisions américaines sur le
look and feel : puisque le programme est protège, il
en résulte que ses écrans et ses commandes le sont
aussi alors même que, pris séparément, ils ne le
seraient pas. C'est l'idée qu'il y a équivalence entre
la forme sensible éditée et le corpus de données ou
d'instruction d'où elle tirée. L'inconvénient de cette

solution est toutefois, sauf à démontrer le contraire,
qu'elle traite uniformément tous les produits issus
automatiquement de la base. Si la solution est
satisfaisante pour un cliché, elle ne l'est plus pour
une température. Pourquoi une température obtenue
par télédétection serait objet de propriété, alors qu'en
elle-même elle ne saurait être protégeable? Cette
voie n'est satisfaisante qu'à condition de trouver une
argumentation permettant de distinguer entre les
produits élaborés et les produits élémentaires.

38- La seconde manière de raisonner
consiste à partir du principe que, une fois les
produits extraits et dotés d'une forme exploitable
(comme toute autre oeuvre) par communication à
un public, ils relèvent du droit de la propriété
littéraire et artistique: leur protégeabilité doit alors
être appréciée au regard des principes classiques. On
est manifestement en présence d'oeuvres pour les
clichés ou les animations (procédés produisant un
effet analogue à la photographie ou oeuvres
audiovisuelles), en principe non pour les
informations à l'état brut et isolé (température,
profondeur etc...). La question est surtout
d'apprécier leur originalité. C'est essentiellement
dans les systèmes personnalistes (droit d'auteur), que
l'on risque de rencontrer des difficultés.
L'intervention d'une phase automatisée dans un
processus de création n'exclut toutefois pas
l'originalité, tant qu'il reste un espace d'expression à
celui qui contrôle la technique. En matière de
création assistée par ordinateur, il est constamment
admis que l'intervention de l'ordinateur n'exclut pas,
en soi, la protection, si l'auteur contrôle et utilise
l'ordinateur comme un outil. Il n'en va plus de
même si l'on programme le système de manière
aléatoire, en lui confiant le soin de déterminer la
forme de l'oeuvre. La complexité de la phase
technique automatisée incluant captation, émission,
réception, traitement, extraction n'est donc pas, en
soi, un motif d'écarter l'orginalité s'il existe, en
dehors de cetu intervention, une liberté
d'expression, que Ia jurisprudence -pour les oeuvres
à caractère technique ou industriel- limite souvent à
des possibilités de choix.

39- Quels espaces de choix reste-t-il dans
l'obtention des clichés? Il y a, au profil de
l'organisme exploitant le satellite, deux séries de
choix : le choix de la trajectoire, qui déterminera la
/one d'exploitation du satellite et les clichés qu'il
pourra prendre, et le choix de l'orientation des
capteurs du satellite permettant de déterminer, à
partir de la trajectoire, les zones observées. Avant
d'examiner rapidement s'ils ont quelques chances
d'être considérés comme suffisants, ces choix
appellent deux observations. Si l'on admet que la
création résulte de cette conjonction de choix, le fait
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créatif qualifie l'oeuvre qui en résulte comme une
oeuvre collective, d'où les droits vont effectivement
à l'investisseur. Le divulgateur sera matériellement,
dans certains cas, l'extracteur du cliché; ceci
n'empêche que, s'il ne peut extraire l'oeuvre
"photographique" sans l'autorisation du titulaire des
droits sur la base, il pourra apparaître comme
mandataire du titulaire des droits sur la base, lequel
sera bienvenu à ne lui donner l'autorisation
d'extraire que sous réserve qu'il divulgue le cliché
sous son nom. Si l'on ne tient compte que du
cadrage c'est plus délicat, car, dans les systèmes
personnalistes, l'auteur -par analogie avec le
photographe- risque d'être le manipulateur du
satellite; il importe peu, à cet égard, qu'il soit
salarié. Au-delà, si c'est vraiment là que se situe
l'acte créatif, n'est-il pas imputable au client quand
il commande un cliché? Certes, dans les systèmes
personnalistes, la commande n'induit aucune
propriété intellectuelle au profit du commanditaire
parce que la détermination des caractères extérieurs
de la création sort de l'objet de la protection, lequel
n'est que la projection de la personnalité à l'intérieur
de l'espace délimité par ces contraintes. Reste que,
si l'on voit bien en quoi consiste l'apport personnel
de l'auteur qui peini une naissance de Venus
commandée avec tout un luxe de détails, la liberté
n'est plus la même pour celui auquel on a
commandé une vue satellitaire de lllc-de-France. La
seule manière de procéder est, alors, de considérer
que le client a déterminé les caractères extérieurs de
la commande (comme l'aurait fait le client
commandant un logiciel spécifique) mais que l'acte
créatif se distingue de Ia détermination de ces
caractères extérieurs et va consister dans le choix des
actes techniques nécessaires pour obtenir le résultat
demandé. En tout état de cause, il est de loin
préférable, d'intégrer les deux séries de choix.

40- Est-ce suffisant pour que le cliché soit
original dans une perspective personnaliste? Il
faudra en discuter. "Contre", on fera valoir que si
l'on peut pressentir la personnalité d'un photographe
dans ses clichés, on ne pressentira rien dans une
photo satellitaire qui est aseptisée comme une salle
hospitalière. Mais, "pour", on fera valoir que
l'informatique a tellement pénétré l'univers de la
photo que les choix du photographe ne sont
pratiquement plus que ceux du cadrage, comme en
télédétection. On fera également observer que la
théorie de l'unité de l'an a conduit, en droit
français, à dévaluer l'empreinte personnelle au point
que certaines décisions ont pu considérer comme
originaux : un joint d'étanchéilé18 (parce qu'il y
avait plusieurs manières possibles de le dessiner),
un modèle de mât de signalisation1^ (parce qu'on en

18 Toulouse, 30 janv. 1989, Juris-dala n°40295.
19Cass. com. 23 juin 1987, juris-dala n°40295.

avait choisi la forme et la couleur) et, mieux
encore, un calendrier hébraïque -en tant que calcul de
dates et de cycles- à propos duquel on voit bien la
somme de travail impliquée mais non la liberté
d'expression laissée au calculateur20...

41-11 ne faut pas, à l'évidence, négliger la
conclusion «félon laquelle ces clichés ne sont pas
protcgeables. La tendance doctrinale majoritaire et la
jurisprudence, lorsqu'elle s'est prononcée comme en
Allemagne, est hostile à la protection de ces clichés
par la propriété intellectuelle. Dès lors, il ne reste
de lege lata que deux modes de protection de ces
clichés : le contrat, pour ce qui intéresse les
rapports avec les détenteurs légitimes de la base d'où
est extrait le cliché ou du cliché lui-même, et
l'action en concurrence déloyale ou en agissement
parasitaire, à l'égard des tiers. On rappellera que, en
ce qui concerne les disques et cassettes du
commerce, la jurisprudence a toujours considéré
comme fautive l'attitude qui consiste à repiquer en
f'citil une cassette ou un disque pour Je revendre!
c'est une façon de détourner la clientèle d:autrui en
utilisant à son profit les investissements qu'il a
consentis. Il semble évident que la même solution
s'impose lorsqu'un concurrent repique un cliché
satellitaire. Là notion d'agissement parasitaire
permet même d'aller au-delà des rapports de
concurrence stricto sensu. Reste, bien sûr, que ces
théories ne permettent d'atteindre que les
comportements en rapport avec une clientèle. Les
reproductions privées y échappent. Il faut se
souvenir toutefois que le droit commun de la
propriété littéraire fait également sortir du
monopole la copie privée à usage non collectif;
mais le droit d'auteur permet tout de même ic
contrôle de la copie privée à usage collectif (copie
d'entreprise, par exemple). Cette protection, réelle
quoique assujettie à des conditions strictes, peut
sembler encore trop aléatoire à certains. Il ne
resterait plus alors que la voie de la réforme
législative. Si elle était souhaitée et retenue, elle
pourrait prendre la forme d'un droit voisin sur les
clichés extraits d'une base de données de
télédétection et trouver sa place dans la directive sur
les bases et banques de données comme un
prolongement de la propriété sur Ia base.

2°) Création d'une oeuvre dérivée

42- Le travail sur une base de données
traitées ouvre beaucoup de possibilités. Le détenteur
de la base peut ne pas se contenter d'extraire
automatiquement un cliché, il peut élaborer une
oeuvre dérivée à partir de ce cliché. Il peut modifier
les couleurs, mixer les données avec un autre
fichiers, créer des superpositions d'images, animer

20 Paris 4e ch.A, 14 avril 1986, D.87, IR 152.
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les images à l'aide d'un logiciel etc... Dans ces
différentes hypothèses il aura créé une oeuvre
composite, une adaptation à partir du cliché de base
ou des informations extraites. On observera que Ic
copyright office américain s'est prononce en faveur
d'une qualification "adaptation" des films noir et
blanc colorisés. Il suffirait donc d'altérer
volontairement les couleurs pour que le cliché
modifié devienne une oeuvre distincte, a fortiori en
esl-il ainsi lorsque le ou les clichés font l'objet
d'altérations plus profondes telles que l'animation.
A partir de là, il faut en revenir aux deux
hypothèses précédemment évoquées : le cliché de
base est, en tant que tel, considéré comme
protégeable ou non (faute d'originalité).

a) Le cliché de base (l'oeuvre primaire) est
protégeable

43- La situation est simple et claire : dès
lors que l'on retrouve en tout ou en partie la forme
du cliché dans le produit dérivé par colorLsation,
animation ou autres procédés, la transformation de
cette oeuvre primaire dans une oeuvre adaptée
requiert l'autorisation de l'organisme gestionnaire du
satellite, c'est à dire la cession du droit d'adaptation
sur celte oeuvre primaire. L'adaptateur sera un
propriétaire de l'adaptation, néanmoins tributaire de
l'auteur de la base de données traitées. Il ne pourra,
sous peine de contrefaçon, exploiter ses produits
sans autorisation et, corrélativement, sans
rémunération (sauf volonté libérale de l'auteur).

b) Le cliché de base (l'oeuvre primaire) est
non protégeable

44- Si le cliché de base est considéré
comme non protégeable faute d'originalité, ceci
n'exclut pas que le travail de création sur le produit
dérivé soit suffisant pour que celui-ci soit
indépendamment protégé. Dans cette hypothèse,
toutefois, le produit obtenu serait protégé au
bénéfice de son créateur CIc client de l'organisme
gestionnaire du satellite') sans être redevable de
droits au titulaire de la propriété intellectuelle sur la
base. Est-ce très gênant 1 Ce n'est pas sûr. Certes.
au regard du droit d'auteur, l'exploitation du produit
dérivé n'impliquerait ni autorisation ni redevance.
Mais, s'il est admis que tout acte d'extraction
automatique des données est soumis à contrôle de
l'auteur comme un acte entrant dans son monopole
sur la base, le préalable à la transformation du
cliché par le client doit nécessairement être autorisé
par l'organisme gestionnaire du satellite. Sans qu'ii
y ait lieu stricto sensu à cession du droit
d'adaptation (puisque la chose adaptée n'es., pas
couverte), le titulaire peut cependant n'autoriser
l'exploitation de la base que sous réserve

d'engagements contractuels de celui qui procédera
aux opérations. Par ce biais, il peut indirectement
lui interdire certaines exploitations des produits
dérivés voire demander une rémunération dont la
cause ne serait pas la cession d'un droit mais la
perte de valeur économique de la base due à la
divulgation dans le public des produits qui en sont
tirés. La seule différence avec une cession de droit
d'adaptation serait que, en cas d'inexécution de ses
engagements par le clients, seule une action en
responsabilité civile est possible, non une action
une contrefaçon. C'est une manière d'utiliser le
monopole de l'auteur pour créer un secret juridique
que l'on exploite ensuite comme un secret de fait.
L'avantage que procure cette solution c'est que, s'il
y a effectivement un produit dérivé original, les
tiers ne peuvent le copier. Certes, l'action en
contrefaçon revient au créateur du produit original
non à l'organisme gestionnaire du satellite, de sorte
que, si leurs intérêts divergent, le titulaire peut ne
pas exercer une action que l'autre aurait voulu voir
exercer. Reste que, dans la limite du respect des
conditions d'ouverture de l'action, il peut encore y
avoir des aménagements contractuels, entre
l'organisme gestionnaire du satellite et le promoteur
des produits, en ce qui concerne la décision de
poursuivre ou non les éventuels conirefacteurs.

V»-'
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INTRODUCTION

UNESCO is engaged in remote sensing
activities since its very early
stage from the side of data users.

UNESCO has a long-term involvement
in remote sensing education,
especially for junior scientists in
developing countries, and organizes
annually postgraduate courses
related to geology, hydrology,
ecology and marine sciences, in
cooperation with scientific
institutes, NGO's and other UN
bodies.

UNESCO also carries out research
activities within the framework of
several international research

programmes such as the International
Geological Correlation Programme
(IGCP), International Hydrological
Programme ( IHP ), Man and the
Biosphere (MAB) programme and those
of the International océanographie
Commission (IOC) such as the Ocean
and Climate Programme and Marine
Pollution Monitoring Programme.

In preparation of the International
Space Year celebration, UNESCO took
an important step by becoming an
affiliate member of SAFISY (Space
Agencies Forum for the International
Space Year) with a view to
strengthen its "remote sensing
activities for the promotion of
international cooperation.

In this discussion, I would like to
represent as much as possible the
data users or future data users in
developing countries. My statement
is not specially based on the
situation in Europe. But I believe
that the basic concerns of remote
sensing data users are common to
many extent in the world. Moreover,
even in Europe, there are some
countries which are going to create
remote sensing infrastructure and
their problems are similar to those
of developing countries.

1. DATA USERS' ROLE IN REMOTE
SENSING ACTIVITIES

First, I would like to discuss the
term, DATA USERS.

In the United Nations' "Principles
relating to remote sensing of the
Earth from Outer Space" of 1986
(UNGA Resolution 41/65), the term,
"Data Users" is not defined.
According to the Principles, States

Proceedings of the Central Symposium of the 'International Space Year' Conference, Held in Munich. Germany. 30 March-4 April 1992
(ESA SP-341, July 1992)
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are expected to carry out remote
sensing activities. Nevertheless,
this does not mean that data users
are completely excluded from the
discussion on the Principles.

In the Principles, we find three
terms to identify data:
- The first term "primary data" is
for raw data that are transmitted or
delivered to the ground from the
space.
- The second term "processed data"
means the products resulting from
the processing of the primary data,
needed in order to make such data
usable.

The third term "analyzed
information" means the information
resulting from the interpretation of
processed data, inputs of data and
knowledge from other sources.

If we follow the stream of data
flow, at first, space agencies
receive primary data at their
receiving stations. They produce
processed data using primary data.
Then data users analyze processed
data combined with auxiliary
information and extract analyzed
information.

The role of data users is
fundamental. In fact, "primary data"
and "processed data" are just rough
digital and statistical information
from the earth surface on sun
reflectance or heat emission.
Without analysis, they are
meaningless.

2. MORE DATA USERS ARE COMING

One of the major and unique features
of remote sensing is observing broad
area at multi-temporal and multi-
spectral basis. Accordingly, the
volume of the sensed data is huge.
Until the end of 1980s, not many
users have had chance to be equipped
with fast and powerful data
processing system which corresponds
to the huge amount of remote sensing
data. It was only possible in the
fields of mineral / petroleum
exploration and of intelligent
planning and surveillance. Because
in these two fields, entire
programme budgets are so huge that
they could invest in the procurement
of millions of dollars computer

facility and innumerable scenes of
satellite data as well as in the
training of data processing and
interpretation specialists, by
allocating just a small portion of
the total program budget.
As a result of the technical
innovations in 1980s, the costs
required to fully exploit the
potential of remote sensing
technology tremendously decreased.
More data users from new application
fields obtained chance to utilize
remote sensing technology.

The remarkable and influential
technical innovations are :
1) Microprocessor technology (High
quality data processing system and
input/output devices are available
at much lower cost.)
2) User-friendly software packages
(Technical accumulation of data
processing techniques can be
obtained in the market. They
contribute to reduce training cost. )

Increasing number of data users are
ready to process huge amount of
satellite data at higher speed than
ever. They really need to have
access to data itself.

In remote sensing applications,
there would be three requisites:
1) Human resources
2) Digital data processing systems
3) Satellite data itself for the
regions concerned

First 2 requisites are available at
much lower cost than ever. There
coming more data users asking more
access to the third requisite,
satellite data, especially from the
application fields such as
environmental monitoring, natural
resource management, global change
research, etc. They should be the
data users who would really
appreciate the precious features of
remote sensing, i.e. multi-spectral
and multi-temporal broad coverage
data.

3. SATELLITE DATA CENTER AN
INFRASTRUCTURE FOR REMOTE SENSING
APPLICATION

Before discussing the matter of data
itself, I would like to briefly
explain UNESCO's new initiative

^-4
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named satellite Data Center. IhLa
Satellite Data Center is proposed as
a national infrastructure for remote
sensing utilization. Satellite Data
Center is a facility designed to
integrate the three requisites for
remote sensing utilization at the
most efficient way and less
expensive way in each developing
country which does not have direct
receiving stations for Landsat/SPOT
satellite systems.

A Satellite Data Center is a type of
national specialized library which
makes available to data users the
processed data concerning the
territory. It collects historical
data as well as contemporary data.
While the potential data users are
in the fields of agriculture,
forestry, fishery, mining,
environment and urban planning, this
Satellite Data Center should be open
to any public application data user.
By having the data concerning the
territory in hand, we can minimize
the time required for data purchase.
In fact, purchasing satellite data
itself is not easy. We have to be
familiar with basic remote sensing
knowledge, technical information of
the satellites/sensors system and
data products. With archived data,
we can analyze broad area at multi-
temporal basis, which were not
affordable within a framework of
project-by-project basis research
and analysis.

Data processing specialists and data
processing systems could be added to
the Satellite Data Center, in order
that potential data users, who do
not have data processing specialists
and system, and accordingly had no
chance to benefit from remote
sensing technology, could obtain
analyzed information. Application
specialists and field workers can
visit the Center, bringing their own
problems with them. Data processing
specialists would help them to
acquire desired analyzed
information. Through responding to
the demands of application
specialists with specific and
practical problems, the data
processing specialists can improve
their techniques and expertise as
well.

As data on magnetic media

deteriorates, this Center will be
equipped with data media conversion
facility and aim to conserve the
data concerning the territory of the
country in long-durable media such
as CD-ROM. The conserved data is
considered as a basic reference for
long term researches, such as global
change researches.

I have briefly explained the
Satellite Data Center. We noticed
that without satellite data, we
cannot promote remote sensing
utilization. A senior remote sensing
specialist stated that lack of
relevant remote sensing data at
country level, unawareness about
their availability and/or difficult
access to these data by their
prospective users, seriously reduce
the potential benefits of remote
sensing technology in developing
countries. This explains well the
necessity of such center.

4. SATELLITE DATA PROTECTION FROM
VIEWPOINT OF A DATA USER

As the costs of training for data
processing specialists and those of
data processing systems reduced
dramatically, it is time for full
utilization of remote sensing
technology. Data users who have been
potential data users because of
insufficient financial resource can
now benefit from the multi-spectral
and multi-temporal satellite data
analysis for broad area. The key for
the success of remote sensing
utilization can be data users'
access to satellite data.

I would like to discuss some legal
aspects of the use of satellite
remote sensing data.

First of all, we should be aware
that the utilization of remote
sensing technology started quite
recently. Therefore, we do not have
any judicial precedent or
international convention as regard
to the use of data. The discussions
among States, space agencies, data
distributors and data users is
necessary before taking any
decision. Especially, as data users
have had scarce opportunities to
express their opinion publicly, data
users should actively participate in

t
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the forum of discussions as well as
they should communicate each other
and create a network of data users
at international, regional and
national basis.

Secondly, we should also be aware
that there are mutual interest
between space agencies/data
distributors and data users, because
their objectives are common: both
parties are involved in remote
sensing activities for the Earth's
natural environment, protection of
mankind from natural disasters, and
rational management of earth
resources.

1> Protection of Historical Earth
Observation Data

It is well recognized that remote
sensing technology is unique and
precious data source for registering
the status of Earth environment. In
view of the global change
researches, the researchers in 21st
or 22nd century should be guaranteed
with the access to data of the 20th
century.

However, it is said that the
satellite operators' policy for data
conservation is for 10 years and
earth observation data acquired
during 1970s are deteriorating in
their archives. Therefore urgent
countermeasures should be taken for
data conservation.

There is t.ie "Convention concerning
the Protection of the World Cultural
and Natural Heritage", adopted by
the UNESCO's General Conference at
its seventeenth session in 1972.
(Coincidently, it is the same year
when ERTS-I (Landsat-1) was
launched.) Unfortunately, the
satellite data archives are not
considered as natural heritage nor
cultural heritage under current
interpretation and practices. But as
the historical earth observation
data is so important, it can really
be considered as a world heritage.
We should find out appropriate steps
for data conservation.

21 For Future Data Acquisition

Data users are also concerned with

future earth observation programs.
Data users efforts to make data into
useful information for national
development and environment should
be a good reason for continuation of
the earth observation programs. It
should be added that data users
should request more on satellites
and sensors for better utilization.

31 Distribution and Reproduction
Right of Processed Data

i) Non-discriminatory
reasonable cost terms

basis and

Principle XII of Remote Sensing
Principles says that "the sensed
State shall have access to them on
a non-discriminatory basis and on
reasonable cost terms". However,
until mid-1980s, lack of human and
computer resources limited the
utilization of remote sensing
technology, even when prices of data
products were cheap. In late 1980s,
elevated data prices prevented data
users to freely access to data.

In this regard, the recent policy
change of U.S.A. and CEOS, Committee
on Earth Observation Satellites, to
reduce data cost, would be
appreciated by data users. Data
should be supplied at "marginal
cost" of reproduction for public and
non-profit use. In fact, reflecting
the mission of satellite earth
observation, most of the remote
sensing applications are public and
non-profit. It seems that this
policy change would greatly
stimulate the remote sensing
utilization.

Also I would like to note that the
new program of EOSAT (Earth
Observation Satellite Company),
"State Coverage Program", will also
accelerate the utilization. The
State Coverage Program is a package
sale of Landsat TM data sets
covering the entire state area to a
U.S. state government and it allows
a state government to disseminate
the Landsat data internally to any
state agency or organization
involved in a state-sponsored
projects. If this program can be
implemented in worldwide, it will be
a realization of our Satellite Data
Centers.

i
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ii) Copyright protection

There seems to be no national
copyright law, case law
(jurisprudence) or international
instrument mentioning that the
processed data should be protected
by copyright. According to UNESCO's
copyright section, which is in
charge of administration of the
Universal Copyright Convention, at
present we can not tell whether
copyright protection may or may not
be accorded to the processed data.

Presumably satellite agencies may
have reasons to request copyright
for the processed data. The analyzed
information (thematic maps, etc.)
almost undoubtedly will be protected
under copyright, since many national
laws and the Berne convention
expressly mention the maps among the
protected work.

Processed data normally becomes
available after radiometric
correction of sensors/detectors and
system (bulk) correction at space
agencies. Calibration of sensors for
correction is made before the
launch, then it is periodically
repeated while satellite are in the
orbit. The radiometric correction
can be made by the continuous and
original efforts of space agencies.
So it is not excluded that the
processed data may be protected by
copyright as a "work". If so, space
agencies will become copyright
owners.

Secondly, analyzed information is
"resulting from the interpretation
of processed data, inputs of data
and knowledge from other source."
Other source includes the
followings: field work, thematic
maps, geophysical researches,
expertise of data users, airborne
sensor data, aerial photographs,
spectrometer measurement, spectral
library, GPS measurement, digital
terrain model, etc. Considering the
variety of other sources and the
expertise of data users employed in
integrating different data sets and
extracting desired information, its
"copyright owner" seems to be the
data users and not space agencies.
As the basic philosophy of copyright
system is to provide the copyright
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owner with the exclusive right to
control the use of a. work and to
benefit from its exploitation, data
users should become exclusive owners
of analyzed information. It is
questionable whether the space
agencies' claim for copyright of
products derived from satellite data
may be accepted.

iii) Copyright
processed data

practice for

If processed data is protected by
copyright, in accordance with the
national copyright law and
international copyright conventions,
space agencies, if they are
recognized as its copyright owners,
can prohibit unauthorized
reproduction of processed data. Data
users will have to request for the
space agencies' authorization when
they reproduce the processed data.

It seems that data users are not
well informed of the copyright
system and its practices. Some
believe that any reproduction is
prohibited by the space agencies. In
fact, copyright law does not
prohibit reproduction, but it only
prohibits UNAUTHORIZED reproduction,
or reproduction without the space
agency's consent (and without
payment of copyright fees). It
should be recommended that space
agencies explain explicitly, in the
condition of sale, how to get their
authorization and the amount of
reproduction fees. Otherwise, data
users, sometimes located very far
from space agencies, have no chance
to understand proper operation of
copyright rules.

Then it comes to the matter of
copyright fee. What is the
"reasonable cost" ?

SPOT IMAGE and EOSAT have price for
copy products. Copy products can be
ordered when data users order a
standard data product. For example,
in the framework of technical
cooperation, we sometimes order
original and copy products at the
same time and arrange data delivery;
copy product to a training
institution and original product to
the laboratory at the trainees'
country. The price of copy products
seem to be set at "marginal cost" of
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reproduction. If this policy is
maintained in case of reproduction
fee, as the reproduction work is
carried out by data users, the fee
should be very small or free.

Since the legal problem of the
protection of the processed data and
of the analyzed information are very
complicated ones, it would be
advisable if IISL/ECSL ask UNESCO to
study these problems in detail.

1
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ABSTRACT

Those engaged in satellite remote sensing activities aie in need of
legal protection for the investment they have made. This protection
would have to contain a certain number of limitations balancing
proprietary interests and the free flow of and unhindered access to
information. An overview of existing legal protection reveals that
both trade secret and copyright protection show serious shortcom-
ings in providing appropriate protection for raw data. As far as
enhanced products are concerned, the situation may look somewhat
better. The article briefly discusses some aspects of existing as well
as of future legal protection. Moreover, it examines which may be
a suitable forum for achieving the internationally harmonized pro-
tection necessary in the field of satellite remote sensing.

Keywords: Remote sensing, legal protection, copyright, trade
secrets, raw data, enhanced data

!.INTRODUCTION

I think the presentations of the previous speakers have made suf-
ficiently clear that the players engaged in satellite remote sensing
activities are in need of legal protection for the investment they
have made. Likewise, it has become apparent that this legal protec-
tion would have to respond to specific needs of each of the dif-
ferent players involved and that it would have to contain a certain
number of limitations and exceptions in order to achieve the deli-
cate balance between the legal protection of proprietary interests
on the one hand, and of what is commonly called the free flow of
and free access to information on the other hand.

It follows that first it has to be ascertained to what extent existing
protection provides for satisfactory answers to the policy issues
identified, and second, to the extent it does not, it must be exam-
ined what possibilities are there in order to find appropriate
answers. Of course, these answers will more or less depend from
the data protection policies ultimately adopted. Consequently,
rather than providing specific answers, the following can only
outline the fundamentals of existing protection as well as the
framework for future solutions.

Moreover, I have to make two restrictions. First, I will devote the
greater pan of my time to some issues regarding the extent and the
deficiencies of existing protection (IL). This will hardly be sur-
prising since developing a final solution is left to the EC-Study yet
to be completed. Second, 'international law perspective* as an-
nounced in the title of my presentation shall not be understood as
the rules of public international law governing remote sensing.
Rather, in view of the transfrontier character of remote sensing,
which does not allow for all too diverging national solutions, I will
focus on how to achieve an effective protection on the international
level (III.)

!EXISTING PROTECTION: SOME REMARKS

It seems to be beyond doubt that satellite data as well as products
derived thereof cannot be regarded as inventions in the sense of
patent law, nor do they qualify as protectable subject matter under
any other industrial property laws. In essence, only trade secret
and/or copyright protection may apply.

2J, TRADESECRETg

Under trade secret protection a given information is protected pro-
vided it is secret. As long as the 'owner" of the information, can
maintain this factual situation, this person is in a position to
control access to, and dissemination of the information by way of
contract. However, this position is different from that of the holder
of an exclusive right in that the exclusivity is one of fact rather
than one of law. It follows that any violation of a contractual
relationship only gives right* to remedies for breach of contract
against the other contracting party, but not to infringement pro-
ceedings against any third party. Without going into detail, this
means that trade secret protection will no longer be available once
the information has been disclosed to the public or if, by its very
nature, the information may be freely obtained, such as in the case
of raw data signals, which on their way down from the satellite may
be intercepted by any unauthorized person. A brief review of na-
tional trade secret legislation reveals that only few - if any - slates
would provide for stronger trade secret protection and would go as
far as Germany, where the factual secrecy is protected against any
procuring of information "without authorization .. through the
employment of technical means'. As a consequence, in Germany le-
gal access to any information is barred the informative value of
which may only be obtained by technical means, and this even if
the carrier of the information - like, presumably, satellite signals -
as such is freely available.

2.2 COPYRIGHT

It has often been claimed that one, if not the major advantage of
adopting copyright protection for satellite remote sensing data and
derived products is .he existence of the international Berne Con-
vention for the Protection of Literary and Artistic Works. True, the
Berne Convention contains certain minimum rights and, moreover,
it is based on the principle of national treatment. This principle
means that any author enjoys the same rights in a foreign country
as the laws of this country grant to this country's own nationals.
Thus, copyright protection has indeed the advantage that once a
work which is protected in one of the member states of the Berne
Union (and, by now, there are almost one hundred Beme mem-
bers), it automatically enjoys protection in all of the other member
states, i.e., protection does not depend from material reciprocity,
and the work is not discriminated against.

But there are two problems which might seriously curtail the bene-
fits of copyright protection under the Beme Convention. First,
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national treatment and minimum rights only apply if satellite
remote tensing data are covered by the Berne Convention it all,
that is if there it general consensus amongst the Berne Union
members that the Berne Convention contains an obligation to pro-
tect satellite remote sensing data under copyright. I will de-
monstrate in a moment why this is all but clear. Furthermore, even
if such an obligation to protect satellite remote sensing data by
copyright undoubtedly existed, the Berne Convention would leave
certain important issues such as the originality requirement to the
member states. Indeed, it appears highly questionable whether the
adoption of a copyright approach would in fact result in the degree
of uniformly harmonized legislation which is called for in a field of
international, investment intensive activity such as satellite remote
sensing. And second, as I will also outline, it is not quite clear
whether the rights granted to the righlholder under copyright will
in fact satisfy the needs of those involved in satellite remote
sensing data activities.

Let me now go somewhat into detail, at least to the extent in which
the limited time frame permits me to do so.

First of all, whenever intellectual property protection is discussed,
one has to clearly define the subject matter to which such protec-
tion shall attach. It follows that in the field of satellite remote
sensing activities, we have to distinguish at least two different
objects of protection: raw data and treated data including derived
products.

2.2.1 Raw data

It seems that the protection of raw data causes most of the prob-
lems in adopting a copyright approach. Admittedly, in a certain way
it may seem logical to look upon satellite remote sensing data as
'photography* or, to be more precise, as a work analogous to pho-
tography, especially since they assume some of the functions of
traditional airborne photography. Also, to look upon them as pho-
tography in the broad sense of the term would probably be the
only way to bring them under copyright (to a certain extent, the
protection of "maps' may also serve as a point of reference). The
Berne Convention, and following most of the national laws, covers
*.. photographic works to which are assimilated works expressed by
a process analogous to photography .." (Art. 2 (I)). Indeed, this
broad definition seems to cover any process as long as an image is
recorded or produced by way of radiation.

However, several doubts remain both with regard to the existence
and to the appropriateness of copyright protection for raw data.

First, some national copyright laws require fixation of a work in
order for copyright protection to attach. To overcome this hurdle,
it has been suggested that the fixation requirement should be met
whenever the signals carrying the raw data are immediately fixed
upon reception, but it is all but clear whether the national courts
would follow such an interpretation.
Second, it seems doubtful whether satellite remote sensing data
would show sufficient "originality" in order to qualify as copy-
rightable works. True, a work need neither be "artistic" nor
"aesthetic" in nature in order to enjoy copyright protection. How-
ever, to a large extent the taking of satellite remote sensing data
may be looked upon as being little more than functional reprogra-
phy, which furthermore is done automatically. At least in author's
rights countries, copyright protection would therefore not be avail-
able because of a lack of creative activity, unless one would find
sufficient creative choices in the human activity of positioning the
satellite in its orbit position, selecting the area in which the data
shall be collected as well as setting the respective parameters. But,
again, national courts are very likely not îo arrive at the same re-

sults, nor are the legislatures. Other than in the U.K., probably not
many of them would protect computei-generated-output character-
ized by the absence of human authorship under copyright.

Third, a much more fundamental objection has been raised. Practi-
tioners in the field of satellite remote sensing have often em-
phasized that according to their own views not all data may be
looked upon as picture data, but that a great deal of them is
perceived as measurement data and therefore hardly more than in-
formation. Under copyright, however, information is said to be free
and cannot be monopolized. Traditionally, it is only the (visual)
representation of information which may qualify for copyright
protection. Thus, anyone may gather the information contained in
a protected work without authorization, as long he does not, at the
same time, perform a restricted act with regard to the protected
work, such as, e.g., making a copy thereof.

There are several unsolved aspects to this, one being that there is
no definition of what constitutes information. The coypright rule
according to which information together with ideas are free, and
according to which constitute ideas or information what may not be
monopolized because it must remain in the public domain, is not
very helpful in defining what actually is information. Furthermore,
initially, all data have a measurement character, even those which
are collected in view of producing a picture. But can protectability
of the data as such depend on whether they are intended to pro-
duce a picture or not? Finally, by now copyright law recognizes the
digitization of a protected work as its reproduction and, therefore,
extends the protection granted to the work to its digitized form. If,
however, no copyright protection is granted to the mere digital
data as such, we may have the curious result of two identical sets
of data digitally stored only one of which enjoys copyright protec-
tion, simply because digitization has been proceeded by a stage of
visualization.
Fourth, the rights granted by copyright might to some extent prove
insufficient or inappropriate to satisfy the needs for effective
protection of those active in the field of satellite remote sensing
data. To cite just one example - and I am sure that the EC-study
will reveal some more - it should be emphasized that copyright
does not protect against the unauthorized mere reception of sig-
nals. According to the traditional copyright notion of broadcasting,
the act of receiving signals is free; rather it is the act of emitting
signals which can be received by the public which requires the
authorization of the rightholder. However, in practice this protec-
tion gap may be without any serious consequence, since the mere
reception of raw data is economically rather worthless; and any
subsequent, economically meaningful activity of data enhancing or
of making derivative products would need the rightholders consent
anyway (provided, copyright protection is recognized for raw data).
However, if nothing else, the gap might after all weaken the pro-
tection granted - if it would be granted by copyright at all.

Compared to the problems just mentioned, several other problems
seem to be of a rather secondary nature. This would include, e.g.,
the term of protection as well as ownership issues. 1 think, the EC-
Software Directive has made clear that these problems can be over-
come and that a legal solution balancing the interests of the em-
ployed creators and those of the employers who have made the in-
vestment, can be reached. Rather, I think the problem will be one
of definition and legal drafting. As the U.K. 1988 Act has demon-
strated, it may be all bui clear under what circumstances "there is
no human author", or who, within the context of satellite remote
sensing data would be the one "by whom the arrangements neces-
sary for 'he creation of the work are undertaken*. Will it be the
satellite owner, the person who rents the transponder, who owns or
operates the signât receiving or the data enhancing or the equip-
ment necessary for the production of derived products, or any
combination of these persons?
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It should have become apparent that the protection in particular of
raw data has much more to do with protection against unfair busi-
ness practices than with the protection of a certain precisely
defined subject matter by an exclusive right such as copyright.
However, not all countries do have a well developed unfair compe-
tition law, and to recommend its general adoption would most
likely not meet with great enthusiasm. Also, it should be men-
tionneti that unfair competition legislation receives its precise
contours only by case law and, therefore, in some cases is difficult
to predict.

2.2.2 Derived products

Let us now briefly turn to derived products. The term is meant
here to include enhanced data as well as any product in a non-data
format, but which has been derived from satellite remote sensing
data. Of course, any indeplh study would have to carefully analyse
each single one of these products; however, for the purposes of this
brief presentation the general term "derived products" should suf-
fice.

The protection of products derived from raw satellite remote sens-
ing data seems to be less problematic than the one of raw data as
such. Nevertheless, some remarks may be called for.

First, it should be noted that protection of derived products is to
some extent dependend from the protection granted to raw Jau. If
raw data would be protected by copyright, this protection would
not only prevent the unauthorized production of derived products,
but it would probably extend to derived products as well, since the
latter would appear to be derivative works. Depending on the crea-
tive nature of the derivative activity, these derivative works would
be jointly owned (joint or combined authorship) by the person(s)
responsible for the raw data and the pcrson(s) responsible for the
enhancement or the derivative activity. If, however, as has been
suggested, copyright does not attach to raw data, then the pro-
tection of enhanced data and of derived products would have to be
established autonomously.

Second, in the latter case, we will again have to face the question
whether or not enhanced data may qualify as copyrightable subject
matter, and whether or not the activity of enhancing the data or of
making a derivative product does show sufficient creativity in order
for the result to be considered original within the copyright sense.
Doubts might exist with regard to the generally reduced range of
creative options, to the functional requirements as well to the
largely automatic process of enhancing raw data or producing de-
rived products. In any case, it will be much easier to find sufficient
originality in the case of enhanced products than in the case of raw
data. Unfortunately, time doesn't allow to elaborate on this any
further today. But I am confident that the EC-study will bring us a
good deal of clarification.

2.2.3. Specific limitations to protection

Rather, some additional remarks should be made concerning the
specific limitations to an appropriate protection in the field of
satellite remote sensing. The interventions of the previous speakers
have made quite clear that the effective protection desired would
need some specifically tailored limitations and exceptions. This is
true irrespective of whether a copyright or a sui generic-approach
will ultimately be adopted. Generally speaking, there would not per
se be a problem under copyright law, since all national copyright
laws contain a certain number of limitations and exceptions which
are designed to accomodatt specific conflicting interests of right-
holders on the one, and of users or the public at large on the other

hand. However, it would be rather surprising if in their actual form
these provisions would already accommodate the interests involved
in the field of satellite remote sensing.

Such specifically tailored limitations and exceptions to the pro-
tection granted will have to take into account that the need and the
extent for protection may vary according to the field in which the
data are collected. Likewise, it may vary according to the use made
thereof - think, e.g. of commercial versus scientific use - or to the
form into which they have been transformed. The time factor may
also play a role. An example where several of these factors work
together are metereological data which generally have a relatively
short economic value for news reporting, whereas their value for
research purposes can remain undiminished over the years. Fur-
thermore, the protective interests may depend from the way of
financing and of corresponding distribution policies. To cite just
one more example, if taxpayer's money is used in order to collect
and/or enhance satellite remote sensing data, then free access to
the data for the public may be justified to a broader extent than if
the data had been collected and/or enhanced by a private entity.
However, when drafting specifically tailored rules, not only have all
these differences to be considered; it likewise has to be borne in
mind that today's circumstances may change over time. Here, the
growing importance of private activity as well as changing distribu-
tion policies are two major illustrative examples.

Moreover, apart from general questions of freedom of and access
to information already discussed, any data protection regime will
have to take into consideration the special interests of a State to
secure access :o certain information for purposes such as maintain-
ing national security, providing for public assistance or guarantee»
ing the quality or the non-monopolization by private industry of
certain remote sensing activities. Here, the U.S. Land Remote-
Sensing Commercialization Act 1984 is an illustrating example. The
discussion leading to the Acts possible amendment likewise demon-
strates how difficult it is to draft legislation which has a lasting
effect in a rapidly changing environment.

Furthermore, proprietary protection in the field of satellite remote
sensing will have to consider the fact that the international com-
munity consists of operating states controling private remote sens-
ing activities which are undertaken from within their territory, and
sensed states which have an interest to access the result of or even
control the activity with regard to their territory. It follows, that
proprietary protection for satellite remote sensing data will also
have to comply with international public law principles on collect-
ing of and access to satellite remote sensing data. Such rules are
mainly laid down in the UN Resolution 41/65, adopted in Decem-
ber 1986 (Principles Relating to Remote Sensing of the Earth from
Outer Space), which in its Principle XII provides that a sensed
State shall have access on a non-discriminatory basis and on rea-
sonable cost terms to primary and to processed data concerning its
territory. Moreover, Principles X and XI require that States partic-
ipating in remote sensing activities shall disclose and transmit any
information which may avert harm to the natural environment or
which may be useful with regard to natural disasters. Also, some
States may have assumed similar or additional obligations in bi- or
multilateral satellite treaties.

3.FUTURE REGIME: SOME PARAMETERS

It should have become clear that the system of intellectual property
protection needs it least some amendments in order to effectively
protect the activities in the field of satellite remote tensing. This it
true irrespective of whether copyright protection will be adopted or
not. Furthermore, it is of no importance whether such * special re-
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gime will be implemented u a protection sui-generis or as a neigh-
boring right Similarly, even if the Brussels Satellite Convention
would apply - which essentially requires to interpret 'programme-
carrying signals* as covering satellite remote sensing data and to
extend the scope of a Convention which has only been signed by a
small number of countries to a subject matter which it has never
been intended to cover - even then some changes would be called
for, such as extending the scope of the Convention to direct signal
reception.

This then raises the question which forum might be appropriate in
order to take the appreciate decisions and implement these
changes. Here also, I have to limit myself to some preliminary
remarks.

Pursuing the copyright approach would require the formation of
some kind of international consensus on the issues discussed above.
However, the experience of the current WIPO negotiations for the
adoption of a possible Protocole to the Berne Convention reveal
that it is not at all easy to arrive at such a consensus even on much
less debated subject matter such as the availability of copyright
protection for computer programs. Of course, the difficulties of
reaching an international consensus will by no means be smaller if
international protection will be sought by way of a sui-generis
Treaty, as the example of the Chips-Treaty has demonstrated.

Moreover, such a procedure is relatively time consuming. Also, in
my opinion it might not seem all too promising to follow the
example of intellectual property protection and try to solve the
problem within the framework of GAIT; it may be premature to
consider satellite remote sensing as already forming part of
international trade, the present Urupy-round is nearing its end,
and, finally, there is always a certain risk that a legal solution,
carefully drafted and agreed upon in one negotiation group, may
undergo last minute changes in order to achieve an overall com-
promise.

Rather, it would seem that a solution has to work from the nation-
al level, simultaneously in several countries. Similar or identical
national legislation might be a first step towards the development
of a harmonised legal regime. The lack of international treatment
would then have to be overcome by a net of reciprocity agree-
ments, which in turn may serve as a nucleus for a regional, or
ultimately for an international treaty. It thus appears that the EC
could well be an appropriate forum to contribute to and to pro-
mote such a development, provided, the European perspective will
not only focus on the removal of barriers of trade or of any distor-
tion of competition within the Single Market, but provided it also
takes into consideration that the solution to be found will have to
be international in character.

1
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