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1 INTRODUCTION

This paper asks the question: Could benefit-cost
analysis, the tool used in mainstream economics to
investigate control of environmental externalities,
play a larger role in the discussion of policies to
deal with the greenhouse effect? For example, could
economic calculations have played a larger role in
the discussions that have centered around the 1992
United Nations Conference on Environment and
Development (UNCED). The paper also
investigates the causes of this lack of influence. Is
it a result of too little research effort? Resistance
by interest groups? Methodological flaws? In this
paper, I probe selected forms of benefit-cost
research, particularly the critical discussions raised
by this type of research, in an effort to suggest
where the chances of greater acceptance lie.

The paper begins by discussing the search for
an appropriate policy: optimal, targeted, or
incremental. It then describes the work being done
in specifying and estimating climate change damage
relationships. A consideration of the work being
done in specifying and estimating abatement (both
mitigation and adaptation) cost relationships
follows. Finally, the paper ends with an examina-
tion of the search for the appropriate policy
instrument. International and methodological
concerns cut across these areas and are discussed in
each section. The usual introductory explanation of
the greenhouse effect is replaced by relevant
background information at appropriate places.

This paper concludes that there seem to be a
number of reasons that benefit-cost results play
only a limited role in policy development. A late
start and resistance to action in an uncertain
problem area are among them. There is an

unresolved tension between a focused, narrow,
quantitative interpretation and a broad inter-
pretation of the benefits resulting from reducing the
amount of climate change damage and of the costs
resulting from abating trace gas emissions. A
narrow interpretation is open to the charge of
neglecting many more qualitative aspects, and a
broad interpretation is open to the charge of adding
numerous value judgments to the analysis. The
chance that more attention will be paid to economic
calculations — even if there is no new scientific
evidence on the significance of global warming —
should aol be underrated. There is some evidence
that the growing interest in market-based
approaches to climate change policy and to other
environmental control matters is a sign of increased
acceptance. Suggestions about research directions
are made throughout this paper.

2 OPTIMAL, TARGETED, OR
INCREMENTAL POLICY?

What matters for anthropogenic climate change
is the worldwide atmospheric concentration of
greenhouse gases, not the distribution of their
emissions by country or region. (Qualification of
this statement is required for several gases that can
differ in regional concentration; tropospheric ozone
and methane are examples. The former drifts far
from its metropolitan-area origin, and the latter's
concentration differs little by area, so the
qualifications seem minor in a quantitative sense.)
What matters for the associated damages is the
distribution of climate change — temperature,
precipitation, storm frequency, and the like — by
country and region. For countries engaged in policy
deliberations, it is soon apparent that no one
country can wisely act alone without considering



Section II

how others will act; therefore, opportunities for
coordination as well as for hard complications arise
in the search for an optimal policy.

2.1 Optimal Policy

Efforts at estimating an optimal policy such as
those begun by Nordhaus (1991) provide an apt
illustration of the difficulties, and light, such
research can provide. For a market externality,
specification and estimation of the relationships
between social damage and abatement cost are
required; the point at which the marginal gains of
damage reduction equal the marginal costs of
emission abatement determines the optimal degree
of emission reduction (or concentrations) and the
optimal tax or emission permit value. Figure 1 is
adapted from the Nordhaus study and shows the
marginal damage and CO2-equivalent cost functions
for greenhouse gas (GHG) emissions.

As Figure 1 indicates, if all countries were to
agree to a Pigouvian tax on trace gases of $3-$13
(1980 dollars) on the basis of their CO2-equivalent
carbon content (e.g., $0.30-$1.30 per barrel of
standard crude oil), the external costs of climate
change would be internalized.1 This tax rate
would reduce global CO2-equivalent emissions by
about 15% and specific CO2 emissions by a few
percentage points.

Given certain conditions (to be discussed
presently) and the imposition of the optimal carbon
tax, there will exist at least one set of economically
meaningful non-negative prices at which producers
and consumers will make consistent allocation
decisions. Furthermore, at these equilibrium prices,
no reallocation that all households will prefer will
be possible; at least one household will object.
Finally, if die reader prefers a different global
Pareto-efficient allocation and can alter the
distribution of goods, there is an equilibrium set of
prices to give this preferred allocation. The
unplanned or decentralized economy has led its
participants, in theory, to the desired optimal end,
where the environmental externality has been
internalized.

Before one discards the results obtainable from
the fundamental theorems of welfare economics, it
is worth a pause to admire their depth and
appreciate their value as a framework. Providing
useful information for policy requires, however, a
close examination of the phrase "given certain
conditions."

Parry (1991) addressed the question of whether
the absence of uncertainty in the neoclassical
growth model used by Nordhaus made the optimal
policy too conservative; that is, would not the risks
of high damages, irreversible impacts of concentra-
tions, and adjustment costs justify a more stringent
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FIGURE 1 Efficient Greenhouse Gas Reduction (Source: Figure 9 in Nordhaus 1991)
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policy? By introducing a subjective probability
distribution over damages and by introducing
growth in trace gas concentrations, Parry used
Nordhaus's model so modified to reach the
conclusion that society must be risk averse to
warrant more action now (a higher tax rate) than in
the calculations of Nordhaus.

Ayres and Walter (1991) examined another of
the given conditions, the range of damage estimates
used by Nordhaus. Damage had been estimated by
using U.S. data on climate-sensitive industries
operating under the climate change conditions
induced by a doubling of current CO2-equivalent
concentrations and by then projecting the estimates
onto the world stage. Ayres and Walter argued that
there would be greater impacts from, a rise in sea
level, that land in densely settled countries should
be more valuable, and that resettlement of a
possible 100 million refugees would be expensive.
They increased the tax rate from $3 to $30, which
implies a reduction in emissions of about 23% (see
Figure 1).

It seems clear that the burden of gathering
information and taking measurements necessitated
by relaxing only two of the given conditions or
assumptions required in the search for optimal
policy will be staggering. Moreover, Baumol and
Oates (1988) have pointed out that nonconvexities
in the production set introduced by externalities
(such as the greenhouse effects by which the output
of one industry can transmit, through nonprice
effects, adverse impacts on other industries) can
make the optimality of estimated tax rates suspect.
Convexity of preferences cannot ensure that tax
rates can move the economy to a preferred position
in these situations.

The search for an optimal policy encounters
further, and perhaps graver, difficulties when it is
placed on the international agenda. For example,
proposing a global carbon or CO2-equivalent tax
raises issues in international tax administration,
compliance, and resource transfer that are
daunting. Varying departures from competitive
markets creates well-known problems, including
efficiency losses. The existing tax systems of
various countries also differ, a fact that creates
strategic opportunities for some countries to gain
advantage over others; the existing light taxation of
fossil fuels in some countries could enable them to

lower the gross efficiency costs of a common carbon
tax. Revenues from a carbon tax, if used to reduce
personal or corporate tax rates, present another
similar opportunity (Goulder 1991).

The deep attraction of the optimal policy search
is in its theoretical foundation: It creates incentives
for decision makers on microeconomic issues to do
what they do best — make cost-effective input and
consumption choices with all the information at
their disposal — and it allows decision makers on
macroeconomic issues to decide on environmental
goals. The value of benefit-cost analysis as a bench-
mark toward which policymakers may aim should
not be underestimated. An underlying flaw could
well be that economists appear to be preempting the
political role with their calculations.

One alternative is to recommend that standards
or targets for climate change policy be established
by the political process, while the cost-effective
attainment of these targets be achieved through
market-based approaches, wherever feasible
(Baumol and Oates 1988).

2.2 Targeted Policy

There are costs in giving up the pursuit: None
of the problems are resolved by substituting targets
for optimal goals, and the standards of scientific
critique are weakened in appraising targets. The
basis for targets becomes more or less arbitrary in
an economic or scientific sense, although possibly
more attainable in a political sense. Targets are the
stuff of political careers, and a number of targets in
terms of GHG emission reductions have been placed
on the international agenda by various govern-
ments.

The International Energy Agency (IEA)
publishes and updates a useful review entitled
Climate Change Policy Initiatives, which
summarizes the commitments and actions of
members of the Organization for Economic Coopera-
tion and Development (OECD). The review revealed
in November 1991 that 24 countries had made a
commitment to climate change policy, all commit-
ments were in the form of emission targets. Four
countries had passed new fossil fuel taxes since the
start of 1990, but there were important exceptions
in export industries (IEA 1991, Tables 6 and 7).
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Twenty of the countries established CO2
emission targets alone. Most called for stabilization
at 1990 levels by 2000 or soon thereafter, one called
for a 3-5% emission reduction, three called for a
20% reduction, and two called for a 25% reduction.
Four countries, including the United States, set
aggregate GHG targets that were to be either
stabilized or reduced on a CO2-equivalent basis; for
the United States, this meant a reduction in the
radiatively potent chlorofluorocarbons (CFCs).
Many of these commitments were made conditional
on other countries taking action.

A danger of seeking international approval by
making targeted commitments detached from imple-
mentation proposals or abatement cost calculations
has been pointed out by Schelling (1991). The
danger is that the target is not taken seriously.
This problem was brought out in the recent work of
the Energy Modeling Forum (EMF 1991), which
asked 12 builders of energy-environment-economic
models to run several of these targeted emission
scenarios through their models to estimate the tax
rate required to achieve these reductions.

The carbon tax rate required to stabilize current
CO2 emissions by the. sar 2000 implied, on the
average, a tax of about $50 per ton of coal and of
about $15 per barrel of standard crude (all in 1990
dollars). In other words, tax rates about equal to
current prices would be required for stabilization,
and a doubling of these rates would be needed for a
20% reduction in emissions. Note that none of
these scenarios stabilized anthropogenic climate
change; they permitted a continuing, although
slowed, buildup of atmospheric trace gas
concentrations.

These tax rates are high, perhaps beyond the
realm of political feasibility. A full appraisal of
these complex models and their outputs is a vast
undertaking; the expected 1992 EMF report that
will compare models when comparable future
scenarios are imposed on them will be a step in this
direction. Among the 12 models, the optimization
models, which contain the most detailed economic
specifications, indicate that targets that constrain
emissions in the near term will require tax rates of
the magnitude just indicated or higher. This
conclusion accords with one's common-sense view
that imposing short-run adjustment costs on the
fossil fuel and other industries will be expensive.

If damage estimates, uncertain as they are, do
not seem to justify these short-term costs, is it
possible to establish longer-run targets that
gradually become more constraining and that call
for policy actions well beyond the next election? Or
to establish sequences of policy steps that escalate
over time and commit future governments? Does
the danger of proposing targets that secure the
popular approval at the negotiating table but have
little chance of fulfillment undermine effective
climate change control? Do these dangers direct our
attention to other forms for expressing policy
control?

2.3 Incremental Policy

A more engineering type of approach to policy
objectives was proposed in a National Academy of
Sciences study (1991) on mitigation options. Some
definitions may be in order. Mitigation options
cover efforts to reduce gas emissions or enhance
sinks; adaptation options cover efforts to adjust to
them; and costs incurred in either could be included
in abatement costs.

In this approach, an array is drawn up of new
energy-efficient technologies, techniques, or
practices that could rep'ace existing ways and hence
reduce trace gas emissions at little or no cost.
Sometimes a negative cost is claimed. The idea,
therefore, is to place this array on the international
agenda to see if agreement can be reached among
all countries to go some way down the list or to see
if pledges can be made to undertake some of the
items in the expectation that other countries will
undertake their own — each effort, perhaps,
requiring equal sacrifice or achieving some
proportionate emission reduction.

No precise targets need be defined. Some
agreement to monitor efforts and to ascertain the
effect of efforts on the buildup of concentrations
would appear to be important. A variety of policy
instruments appropriate to each instance could be
chosen and used by participating governments.
Illustrative examples adapted from the NAS report
are provided in Figure 2 and Table 1.

This approach makes use of the series of case
studies described as "bottom-up" in the energy con-
servation literature. Mitigation Method 1 listed in
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FIGURE 2 Bottom-Up Mitigation Cost Curve (Source: Based on
Figure 11.1 in NAS 1991)

TABLE 1 Costs and Emission-Reduction Potentials of Various Mitigation Methods

1
2
3
4
5
6
7
8
9
10

Mitigation Method

Resid. & comm. energy efficiency*
Vehicle efficiency (no fleet change)*
Industrial electric efficiency*
Transportation system management11

Power plant heat rate improvements*
Landfill gas collection*
Halocarbonsb

Agriculture1"
Reforestation11

Electric supply1"

Net
Implementation

Cost (I/ton of CO2

Lo

-78
-75
-51
-50

-2
0.4
0.9
1
3
5

equivalent)

Mid

•62
-40
-25
-22

0
1
1
3
7

45

Hi

-47
-2
1
5
2
1
3
5

10
80

Max. Potential
Emission Red.
(109ofCO2-

equiv^r)

0.9
0,3
0.5
0.05
0.05
0.2
1.4
0.2
0.2
1.0

Percent
Reduction in U.S.

CO2

(4%)

18
6

11
1
1
5

29
5
5

21

Emissions

CO2-Equiv.
(%)

11
4
7
1
1
3

18
3
3

13

"Category 1 includes best practice options attainable at negative or low cost.

bCategory 2 options are attainable at additional costs.
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Table 1, for example, includes data from insulation,
building code, heating system, and lighting studies
of residential and commercial buildings. The net
implementation costs are negative, indicating that
present practices in these sectors are not efficient;
the market is in disequilibrium in this sector. The
mitigation cost curve in Figure 2 aggregated over
these methods starts below the abscissa and rises to
positive costs after reductions of 2 billion tons in
CO2-equivalent emissions are achieved (25% of U.S.
1988 CO2-equivalent emissions). This mitigation
cost curve should be compared with the rising
abatement cost curve of Figure 1, which is always in
the first quadrant (or positive) and assumes choices
are optimal before abatement occurs. Neither curve
reflects the external damages of climate change.

The controversy over this approach is by no
means assuaged by the issuance of a prestigious
academy report. Questions have been raised about
hidden costs not accounted for in the curve and
about the incentives required to install those
energy-conserving technologies that are not being
undertaken at present.

At issue in these debates is the importance of
efficiency standards, education, and informational
programs when compared with economic incentives
provided by taxes or emission permits. To the
extent that market imperfections are barriers to
energy-efficient innovations, economic incentives are
less effective than command-and-control regulation.
Energy conservationists argue: "Having the right
price is helpful but not sufficient to achieve optimal
efficiency improvements in the future" (Geller et al.
1992).

Addressing climate change policy incrementally
appears to involve a long series of steps to reduce
emissions by energy-efficient methods, many of
which are claimed to have negative implementation
costs. These steps would apparently require an
extensive kit of policy tools to alter perceived
market imperfections. The following questions
arise. How can tests be constructed to determine
the actual effectiveness of particular steps? To
determine their full implementation costs? How
should such efforts in die international area be
negotiated and monitored? Should credit be given
to a regulatory measure for an innovation or to a
correlated OPEC price shock? Can ideas about

market imperfections giving rise to energy
inefficiencies be formulated as testable hypotheses?

2.4 Summary Comments

The search for an optimal climate change policy
by means of benefit-cost analysis is only one of the
flickering candles in a very dark room. To blow it
out because of its recognized limitations would
heighten the risks of stumbling seriously on the
path to sensible policy. Yet it cannot be denied that
important problems remain to be resolved.

The optimal tax rate calculated by Nordhaus
and the emission stabilization or reductions called
for in current proposals do not stabilize trace gas
concentrations (and hence temperature change);
they slow them down. Is that what policy should
aim at? Given the fact that there are fossil fuels in
the ground in recoverable amounts that would more
than quadruple CO2 atmospheric concentrations,
should policy analysis provide guidance on a long-
run goal of temperature stabilization?

The matter is complex, but the difference in
consequences between short-run and long-run policy
implementation was brought out recently in several
experiments. Figure 3 was drawn from research
carried out at Argonne and the University of Illinois
at Chicago. The top panel, Panel a, shows a
business-as-usual (no greenhouse policy) global
projection for CO2 that more than doubles concen-
trations by the year 2100. On the basis of a
mathematical programming model that permits
constraints to be placed on emissions and
concentrations and consequently fossil fuel use,
Scenario A' was run holding concentrations constant
after 2100. A different scenario, Scenario A, was
run holding annual emissions constant after 2000,
as so many proposals advocate. Note that both
Scenarios A and A' result in the same CO2
concentration near 2100. In A, but not in A',
concentrations continue to build up after 2100.

The implications of these concentration
scenarios for emissions, the rate of change of
concentrations, is revealed in the middle panel,
Panel b. Scenario A' emissions follow the business-
as-usual emissions closely up to the year 2030,
which implies relatively little impact on the fossil

10
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FIGURE 3 Mathematical Programming
Projections of CO2 Concentrations, Emissions,
and Permit Prices (Source: Kosobud et al.
1991)

fuel industry. Scenario A' emissions remain above
those of Scenario A until 2060, then they diminish
to the rate that stabilizes concentrations and
ultimately average global temperature.

The bottom panel, Panel c, is a preliminary
exploration of the policy consequences of aiming for
these two different objectives. The programming
model enables the researcher to interpret the
shadow prices of constraints on CO2 emissions as

either tax rates in a competitive world or,
equivalently, emission permit prices in a world of
certainty. To accomplish the goal of stabilizing
emissions by 2000, a carbon tax that works out to
be more than the current price of oil or coal (U.S.
prices) is required. The rate declines a bit in the
next century as the economy adjusts to the shock.
To accomplish the goal of stabilizing concentrations
by 2100 but permitting the economy to achieve that
goal in an optimal way (by emitters equating
marginal abatement costs over time), a tax rate, or
permit price, that starts low and rises with the rate
of interest (5% in this experiment) is required.

Scenario A' would be preferred and welfare
superior, providing that long-run concentrations
were the major factor in induced climate change. If
the rate of change of concentrations or total damage
borne were the major factors, Scenario A could be
preferred. An important question for atmospheric
scientists to address is the following: Which feature
of trace gas buildup is most important in inducing
climate change: the level of concentrations, the rate
of change, or the sum of past concentrations? There
is little evidence that starting with modest policy
measures such as those in Scenario A' that escalate
over time exacts a penalty in climate change. The
follow-up question for social scientists is this: What
features of climate change have the largest damage
impacts?

Another key issue concerns the cooperation or
conflict that has, and will, ensue in international
negotiations over a coordinated policy, if one is
attainable. .Developing countries have argued that
the developed countries have caused the problem, at
least to the present time, and ought to bear the
heaviest burdens. If that argument does not carry
enough weight, developing countries can threaten
that in the future, with economic growth, they will
be major emitters, with the upper hand in
bargaining. Something like this may be in the
minds of those Chinese economists of the Peoples
Republic of China whom I have met and who
profess a great interest in the greenhouse topic.

Yet the damage estimates that are beginning to
accumulate indicate that there will be wide regional
differences, resulting in winners and losers, and
that some developing countries and not the
developed countries will be among the potential big

O** losers. Changes in sea level are likely to threaten

11
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Indonesia and Bangladesh, which have long and
occasionally low-lying coastlines. Agricultural
impacts are likely to be more important in
developing economies. In sum, the bargaining chips
may alter in the future. Policy research in this area
has just begun.

3 THE SEARCH FOR CLIMATE CHANGE
DAMAGE RELATIONSHIPS

The benefit-cost method has its own scissors
analogy: The blade of the damage reduction must
fit with the blade of the abatement costs in order to
cut the externality knot. The difficulty has been
that in one environmental study after another,
economists, with their measurement practices, have
estimated damages that seem to warrant little, if
any, policy action. There is a puny or no damage
blade at all.2 Many environmentalists have
protested that the estimates are too narrowly
focused and too small; many affected industry
groups have protested that the estimates are too
large. This issue is emerging, among others, in the
policy analysis of the impacts of the greenhouse
effect.

Specifying the relationship seems straight-
forward; estimating it is not so easy. In this
section, I examine the top-down and bottom-up
approaches to specification and the difficulties
encountered in obtaining estimates with both.
Several specific estimates will be presented for
discussion, one being the result of an effort to
estimate damages for the Great Lakes region. It is,
of course, self-serving for a researcher to call for
more studies, but in this area, too long under-
funded, I make the call in good conscience.

3.1 An Economic View of Impacts

In principle it seems simple: All one has to do
is specify the micro-production functions and
consumer utility functions and include in them a
vector of climate variables. Increased trace gas
concentrations affect the climate vector, which then
may or may not affect producer outputs and
consumer welfare. To the extent that climate has
an impact, one obtains the externality of a reduction
in output or a reduction in the satisfaction of a

producer or consumer, independent of his or her
input or shopping decisions.

Admittedly the above framework does not tell us
which producers or consumers are sensitive to
climate variables or how exactly to go about
measuring the impacts. It is, however, suggestive
in pointing toward an ordering of activities,
industries, and systems by their climate sensitivity.
It also suggests that decision makers on micro-
economic issues may be able to find adaptive
strategies to lessen these impacts once they are
aware of their coming. Finally, this framework
plainly indicates that efforts to adapt to or mitigate
climate change will have costs, so that reducing
such change to zero is unlikely to be optimal.

3.2 Bottom-Up or Top-Down Specification?

This distinction is becoming a battle cry among
climate change researchers, but in this application,
few blows need be struck. Top-down refers to a very
aggregate damage specification that some builders
of energy-economic-environment models have used
to study optimal tax or permit pricing under alter-
native scenarios. Work in this vein is underway at
the Electric Power Research Institute (EPRI).
Nordhaus has specified a linear relationship for the
Argonne linear programming model, on which
research is now underway.

These damage equations are specified as
constraints in these models, so that activities giving
rise to trace gas emissions (fossil fuel use giving rise
to CO2 emissions in the two models cited) are
charged for the damages. These charges raise the
prices of fossil fuels, for example, to a point in each
time interval at which the marginal damages
generated by the damage equation are equated with
the marginal abatement costs of reducing, or
substituting away from, fossil fuel use. The charge
is a shadow price, tax rate, or permit price of an
optimal policy path, providing one believes the
damage relationship.

The equations are highly aggregated and meant
to be suggestive; they typically make a discounted
damage scalar depend over time on global or
regional gross national product (GNP) per capita,
the change in CO2 concentration (or temperature),

12
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and perhaps a separate population variable. GNP,
like population, is a proxy for vulnerability, and
CO2 concentration change (or temperature change)
is a proxy for the vector of climate variables
impacted by the greenhouse effect.

The IPCC (1990b), adopting a wider frame of
reference for climate sensitivity than the
economist's usual view, prepared a list that began
with agriculture and forestry, then included natural
terrestrial ecosystems, hydrology and water
resources, human settlements, energy, transport,
human health, air quality, oceans and coastal zones,
and the terrestrial cryosphere. The IPCC did not
attach monetary values to damages in each area,
but the panel did survey the qualitative direction of
change.

For agriculture, a key sensitive sector, the
findings of studies to date are complex and indicate
there will be winners and losers. Higher levels of
atmospheric CO2 may enhance the growth rate of
cereals such as wheat and rice but not of sorghum,
millet, or maize. Use of water by crop plants may
be more efficient. How much these direct effects
will be felt in the farmer's field remains an open
question. Negative impacts could occur at regional
levels since these CO2 impacts vary by plant type
and are decidedly nonlinear. Other weather
changes could bring about reduced yields, stimulate
new or more virulent diseases, encourage pests, and
favor weeds.

Another key area concerns impacts on the
world's oceans and coastal zones: a rise in sea level
of 20-30 cm (about a foot expected to occur by 2050
or so) will pose problems for low-lying island
countries and coastal zones. Fresh water systems
can be adversely affected by climate changes; hotter
and dryer conditions in the Great Lakes area could
reduce the levels of the freshwater lakes, affecting
shipping, fisheries, and coast lines.3

3.3 Damage Estimates for the
Great Lakes Region

The most courageous (foolhardy?) way to present
the difficulties of estimating damages is to display
some of my own. In Table 2,1 provide estimates I
recently drew up for the Great Lakes region by
drawing on existing studies. The damage

categories list the activities and sectors I judged to
be the most sensitive in the five-state area (Illinois,
Indiana, Michigan, Wisconsin, and Ohio).4

The estimation methods of Table 2 are
straightforward but based on strong assumptions.
The economy of the region is projected to be bigger
in 2050, but grows more slowly than in the past 50
years. It has, however, the same sectoral structure,
which means that agricultural and hydrological
economic activities retain their relative importance
in output The climate of the region is projected to
change by 2050, when global CO2-equivalent trace
gas concentrations about double (assuming no
control policies are undertaken). The regional
climate change is the average of the temperature
and precipitation changes reported by the EPA from
its survey of the projections of three general
circulation models; in particular, precipitation is
projected to decline.

I have attempted to be more inclusive in Table 2
than some studies and have listed a few impacts to
the health and leisure sectors in addition to the
traditional sectors that are considered climate
sensitive. This attempt is meant to be suggestive,
not exhaustive. I have drawn on other studies for
monetary estimates that were then applied to the
region. (These other studies are the references Rl,
R2,..., Rn noted in the table; they are available
from the author on request.)

Agriculture is a big item and corn is a big
component in the region. Favorable effects of
photosynthesis and water efficiency are more than
offset by temperature and precipitation changes.
The range, which may be too small, attempts to
capture the possible consequences of unfavorable
weather during critical growing and harvesting
periods. Promising research is underway in this
area, and new information should make these
estimates obsolete soon, if not now.

One of the interesting sensitivities of the region
is the hydrological system, including the famous
jewels of the area. The reference cited, and others,
project lower lake levels because thermal expansion
will be more than offset by precipitation declines
and evaporation. One study the author is currently
working on finds that when the cool winds of fall
and winter blow over the waters still warm from the
summer, the evaporation volumes are enormous.

13
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TABLE 2 Greenhouse Effect Damage Estimates for the
Great Lakes Region (GLR)

Damage Category

General

Health
Urban smog related (R7, Sec. E, p. 5)
Heat stress
Cold stress

Climate variability increase
Storm frequency (R4, p. 33)

Leisure activities
Golfing (R2, p. 3)
Lawn watering (R2, p. 5)

Biological diversity in the GLR

Sectors

Annual Estimate
(109 1982$)

Low High

-0.012 -0.030
NA
NA

-0.009 -0.009

+0.010 +0.020
-0.010 -0.025

NA

Agriculture (R3, p. 10-6)
Corn, soybeans, wheat -2.950 -2.950

Hydrological systems (R3, pp. 5-7, 5-23)
Water transportation
Hydroelectric power
Shoreline maintenance
Recreation
Water quality maintenance

Energy (R3, p. 5-53)
Forestry (Rl, Table 6-4, p. 215)
(R3, p. 546)
Construction
Government service

Totals

GLR percent of 1982 GNP

-0.010
-0.002
-0.012

NA
-0.018

-0.297
-0.150

NA
NA

3.460

0.6%

-0.010
-0.002
-0.024

-0.018

-0.297
-0.350

10.825

2%

Source: Kosobud (1990).
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Declines from a few inches up to several feet have
been projected by 2050 or soon thereafter, with
implications for water transportation, shoreline
maintenance, fisheries, fresh water supplies, and
the like.

The energy sector will have opposing factors to
consider — the increased demands for air condition-
ing offset by the decreased demands for heating.
Forestry is of interest; the present furniture and
value-added processing industries possible because
of the quality of the trees in Wisconsin and
Michigan could suffer if these trees fail to adjust
and new, less valuable species replace them.

My data are intended less to persuade and more
to reveal the complexities of damage estimates and
the need for expanded work in this area (even at
the expense of reduction in certain other areas).
Conclusions are in order from this effort: a range of
about $3.5 to $11 billion in damages is obtained, or
0.6% to 2% of 1982 GNP. These estimates are not
all that frightening and lie between the estimates of
Nordhaus for the larger U.S. economy and Ayres
and Walter, who gave more emphasis to developing
countries.

My estimates, however, can be attacked as too
high or too low, and there is merit to both argu-
ments. On the high side, the point can be made
that I have failed to allow for adaptive behavior in
agriculture and other sectors. A sensible farmer,
seeing climate change coming (reading the
proceedings of this conference for example), would
begin to think of new seeds, new cultivation
practices, and other innovations that would lessen
the damages.

Also on the high side, it may be argued that the
economy of the region will look a lot different in
2050 than it does today, including a larger service
sector and many more activities less sensitive to
climate change, like this conference.

On the low side, the point can be made that
there should be more categories in the table
(ecosystems, for example) and that within existing
categories, there should be many more items.
Furthermore, the estimates are based on average
climate changes for just a few variables. What
about storm frequency, wind velocities, strings of
hot, dry days, etc.? Perhaps even more significant,

what about the rate of change of these variables?
Adjusting to a slowly changing climate (even though
changes over 100 years may seem slow, they are
enormously more rapid than in prior known history)
is one thing. What if the rate of change of climate
variables over the next 20 to 50 years turns out to
be an important damage-driving factor?

3.4 Summary Comments

The search for climate change damage relation-
ships has just begun; there is a good deal of work
yet to do, especially at the regional level. Although
the level of accuracy (hardly the strongest feature of
the benefit-cost method) remains low, the first
results do not point toward enormous damages, on
the average. For some regions other than the Great
Lakes, the results may differ.

A source of concern is the possibility of
catastrophic damages beyond some critical amount
of climate change. Added to this is a concern about
damage to ecosystems and the geographical disper-
sion of climate-sensitive plants and animals. The
limitations of traditional benefit-cost analysis are
all too apparent in the face of these questions.

4 THE SEARCH FOR ABATEMENT
COST RELATIONSHIPS

This section seeks to extend the understanding
of efforts to estimate the costs of emission reduction
or concentration stabilization. Unlike the area of
damage estimates, which is noted for involving few
studies with few controversies, the area of cost
estimates is noted for involving many studies with
many controversies.

Widespread interest in the costs of achieving
environmental goals is relatively new on the
political scene in the United States. The first major
legislative efforts in the late 1960s and especially in
the 1970 Clean Air Act Amendments (CAAA) were
quite clear in indicating that improving the quality
of the air for health reasons was not to involve
benefit-cost analysis. Moreover, the target pollution
levels — the National Ambient Air Quality
Standards — were to be achieved by state and
federal rulemaking that required regulators to
become familiar with production processes and the
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techniques that would bring them into compliance
— the command-and-control approach.

Not only does this approach place enormous
information burdens on the regulatory agencies, but
it can also create inefficient incentives, leading
some emitters to reduce more than an amount that
is cost effective and others to reduce less. Recogni-
tion of these burdens was undoubtedly of some
importance in the changes that led up to innova-
tions in the 1990 CAAA that both expressed interest
in cost effectiveness and permitted SO2 emission
trading.

My own guess about policy-making motivations
is that the magnitude of expenditures on environ-
mental protection (perhaps $130 billion in current
dollars) began to bear on the choice of instruments.
Although GHGs were not covered in the 1990 legisla-
tion, being left for later consideration, the enormity
of some abatement cost estimates could have made
deep marks. That market-based approaches could
be more cost-effective became an argument with
heightened relevance.

Another aspect of thinking about climate change
may have played a role. Trace gases, especially
CO2, are not ordinary pollutants. The carbon atom
is linked to other atoms in the molecules of life.
Removing all CO2 and other trace gases from the
atmosphere would change the planet from green-
house to icehouse. The problem of the greenhouse
effect is trying to decide what volume of emissions
or concentrations we want to live with — the kind
of problem that calls for an economic calculation of
costs.

Environmentalists in such units as the National
Resources Defense Council and the Environmental
Defense Fund relaxed their opposition to market-
based approaches primarily, I believe, because of
the cost effectiveness promise of these measures.
The regulatory agencies themselves have become
sponsors of cost studies, and the hunt for cost-
effective strategies has taken interesting turns, even
coming to a crossroad, as I shall argue.

4.1 Cost Concepts and Cost Measures

To attempt to correct a market externality like
the greenhouse effect by regulatory restriction or by

a tax rate or emission permit will affect the price
the emitting producer receives; the price the
consumer pays; the ratio of prices of energy-
intensive products to others; the terms of trade of
fuel exporters, fuel processors, and fuel consumers;
and possibly the rate of technological progress. Not
included in these direct and indirect effects would
be damages from climate changes, or budgetary
ramifications, or adaptation costs incurred because
of the permitted degree of climate change.

Welfare measures of these effects suggest
themselves some estimate of resource costs or
deadweight loss. The fully dynamic, computable,
general equilibrium model that is required to do
this to the satisfaction of all is not yet in sight.
Some compromises have to be made. The measures
of abatement costs included in Figure 1 discussed
previously have been developed from a variety of
sources, including a computable general equilibrium
model, partial equilibrium mathematical program-
ming models, and various recursive projection
frameworks (details from the source cited for
Figure 1). These estimates are mitigation costs, in
the sense that resources are required to reduce
emissions, or remove gases (reforestation), or alter
the radiative balance (e.g., painting things white).

Figure 1 estimates may be classified as "top-
down," meaning they are derived from highly
aggregated energy-economic-environment models
with econometric or macroeconomic-level estimates
of parameters and are based on assumptions,
typically, of market clearing and long-run adjust-
ment to price changes. They are interpretable as
either deadweight losses, or approximations, such as
GDP or consumption losses after policy intervention,
compared with a no-policy scenario. In program-
ming models, the losses may be calculated from the
shadow prices of policy constraints.

The strengths of this approach can be discerned
in Figure 1. The "all greenhouse gases" curve,
conceptually a horizontal aggregation over
microeconomic-level emitters and different gases, is
a convex set, the exterior points of which denote
efficient marginal mitigation efforts for the
particular degree of emission reduction. It is
nonlinear, indicating that small reductions in
emissions from baseline are relatively costless as
measured in dollars per ton of carbon reduced.
Larger reductions will require ever-larger resource
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losses. The curve could be a basic building block for
cost-effective policy to the extent it is credible:
Once the environmental goal, the policy target, is
chosen as a percent of emissions to be reduced, the
appropriate tax rate (emission permit price) can be
read off the values on the ordinate.

Figure 1 implies cross-sectional efficiency in
that cost-minimizing emitters everywhere are led to
equate their marginal mitigation costs with the tax
rate or permit price. In the next section, I examine
these policy instruments more critically. The issue
here is whether the top-down curve, or refinements
of it, can be the basic building block we seek.

The bottom-up or engineering approach to
estimating mitigation costs is exemplified in
Figure 2. Termed "technological costing" by the
National Academy of Sciences panel in its report on
mitigation (1991), it contrasts with "energy
modeling" described above. The NAS report goes on
to note its "rough agreement," which, it is asserted,
lends comfort to the validity of the Figure 2 curve.
However, one curve lies below the abscissa and one
above in the relevant policy range of reductions of
emissions.

Technological costing derives cost estimates on
various assumptions about the technical features of
particular mitigation options; that is, it involves
studies at the micro-level of improvements in
existing technologies, of replacement technologies,
or of altered practices that may improve energy
efficiencies, and for which rough appraisals of the
direct costs of implementation may be made. It
holds out the hope of reducing trace gas emissions
by these detailed changes, often at little cost, or at
cost savings.

4.2 Commentary on Cost Relationships

The debate between bottom-up and top-down
(technological costing versus energy modeling)
advocates may be more deep seated than appears at
first glance. It may also have many implications. A
closer look at the issues throws light on questions of
obtaining useful estimates of the mitigation or
abatement cost curve.

The debate is not only about how to estimate
mitigation costs; it also "spills over" to the policy
debate. I noted earlier that the bottom-up studies
could be closely tied together with the incremental
policy option. Instead of focusing on optimal
emission reductions or eventual concentration
stabilization at some future date or on a set of
targeted goals, the negotiators could debate
incremental policy moves, such as improving vehicle
and building energy efficiencies, revising
transportation systems, and others.

There are attractions to this approach: Many of
the actions have attached to them negative cost
estimates, which, if true, ought to generate little
opposition. Countries could adopt those actions that
they prefer. If each action had attached to it a trace
gas emission reduction, an estimate of the aggregate
reduction of emissions could be made, and each
country's contribution to overall reductions could be
appraised.

There are questions to be asked about this
approach. How much confidence can be placed in
the estimates of direct costs of implementing each
action? Can a credible aggregation over vehicles,
buildings, power plants, factories, farms, or the like
be carried out for each new technology, or improved
technology, or changed practice, so that each
country's contribution can, in fact, be appraised?
What set of incentives or regulatory methods are
envisioned to bring about these changes in the ways
things are done presently? These questions refocus
our attention on the issue of how estimates of the
mitigation cost function that secure wider
confidence can be obtained: Through the methods of
Figure 1 or Figure 2? Or through refinements of
one or the other? Or through a combination of the
two?

4.2.1 Technological Costing: The Cheap
and No-Regrets Way?

The reasons ordinarily given for the negative
costs or energy inefficiencies of Figure 2, which are
by no means die most extreme of estimates avail-
able (Geller et al. 1992, p. 5), include a lack of
information in the markets, high consumer discount
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rates for energy investments, market barriers of
various kinds, resistance to change or irrational
behavior, and inadequate incentives for introduc-
tion, especially in the public utility sector. In other
words, the present market solutions to energy use
are not in equilibrium.

The microeconomic-level studies that underlie
technological costing vary so widely in method and
database that the scope of this discussion does not
allow for even a sample appraisal. Several
comments are in order on how confidence in the
results claimed can be strengthened. High
consumer discount rates are not necessarily
irrational in terms of energy investments, especially
among the poor. Should the poor be urged to invest
in energy-efficient innovations, or in education, job
training, or health? A closer study of the problems
confronting the poor is required, in my view.

Typically, only direct implementation costs are
included for energy-efficient innovations. Secondary
effects, such as those traced out in general
equilibrium models, are ignored. Can estimates of
these indirect costs be included? Have all
additional information, adjustment, or managerial
costs been considered? It would be reassuring to
know that they have been. Frequently, a hidden
constant cost assumption is "slipped in": If one
innovation saves a certain amount, then 100 of the
same innovations save 100 times that amount.
What if increasing costs characterize the extension?

There is a policy bias in each of the two
approaches being discussed. For the advocates of
technological costing — the bottom-up approach —
the bias is toward command-and-control regulation:
"Having the right price is . . . not sufficient to
achieve optimal efficiency improvements . . . public
authorities have a responsibility for promoting
energy-efficiency improvements" (Geller et al. 1992,
p. 28). For the advocates of the top-down approach,
the bias is toward taxes or tradeable permits or
other incentive systems that get prices right. This
is the crossroad now confronting policymakers.

4.2.2 Energy Modeling: Greenhouse Gas
Emission Reductions Can Be Costly

Underlying the cost curve of Figure 1 are
assumptions about markets being in equilibrium:

There are a few appreciable energy inefficiencies to
be exploited. The curve does indicate that the first
few percentages of reduction are inexpensive,
primarily because of the substitution away from the
CFCs. But as CO2 emissions are reduced and the
fossil fuel industry is affected, marginal mitigation
costs rise.

The assumption of competitive markets in
equilibrium is well known to set aside imperfections
such as existing subsidies, taxes, regulatory
practices, and the like. Such set-asides are highly
visible, it should be noted, and frequently, research
is directed toward relaxing an assumption to deter-
mine the consequences for the results (e.g., see
Goulder [1990] on the implications of existing
taxes).

The macroeconomic-level studies or energy
models that generate the top-down cost curve have
other problems. They vary in specification and
statistical estimation methods and are subject to
specification error, aggregation bias, and other
econometric difficulties. Mention should be made of
inadequate data and the instability of parameters in
projections over long time periods in the future.
The catalog of concerns about estimates is long, but
considerable reseat i has been conducted with
respect to these troubles. My impression is that the
bottom-up approach cannot avoid many of them,
and may have a few special problems of its own.

The energy modeling approach, in most
cases, features price adjustments to changes.
Autonomous energy conservation, or nonprice
increases in energy efficiency, can be introduced in
many such models by a parameter in the production
function. This device permits the important
distinction to be drawn between price-induced
energy conservation and autonomous shifts, and it
provides a measure of the significance of the former,
frequently overlooked in bottom-up studies.

The bias in top-down models, and the bias
among those who attach significance to results
obtainable from them, is toward market-based
approaches to greenhouse policies. The introduction
of emission or concentration constraints in these
models, or the introduction of tax rates or positive
permit prices, are assumed to lead emitters
everywhere to equate marginal mitigation costs to
the tax-rate or permit-price equivalent, thus
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yielding interfirm or cross-sectional cost
effectiveness. The decentralized market guides
consumers and producers toward energy-efficient
choices. The Figure 1 cost curve traces out
solutions to these cost-effective decisions as
emissions are increasingly reduced.

Intertemporal cost effectiveness is also
important. For this condition to hold, emitters must
equate marginal mitigation costs over time, which
implies that such costs must rise at the lon~-run
interest rate. This condition has been given less
attention than cross-sectional cost effectiveness,
with the end result being that proposals to cut
emissions sharply in the near term imply high
initial marginal mitigation costs that frequently
decline over time — an indication of intertemporal
cost ineffectiveness.

5 THE SEARCH FOR THE APPROPRIATE
INSTRUMENT

U.S. environmental history until recently was
dominated by one policy instrument — regulation or
command-and-control prescription as the means to
obtain environmental standards. (The CAAA of
1970 prohibited benefit-cost calculations on ways to
obtain environmental quality levels affecting
health.) Consideration of costs has played a larger
role recently; the IPCC (1990b) cited the cost
effectiveness of market-based approaches (e.g., taxes
or tradeable emission permits) to greenhouse policy
as deserving further study, although there were
reservations about these instruments expressed by
spokespeople from developing countries.

In addition to cost effectiveness, other criteria
need to be applied to policy tools if well-informed
choices are to be made in this complex area.
Implementability, flexibility, and enforcement and
monitoring suggest themselves. It would seem wise
to distinguish sharply between the policy and the
policy tool kit. Figure 1 provides a handy illustra-
tion: A policy may be defined as choosing a point or
interval emission reduction target on the abscissa,
and a policy instrument(s) may be defined as the
least-cost way to move vertically to the abatement
cost curve, recognizing that it is possible; and easy,
to be cost ineffective and move above it.

Some policy instruments may be inseparable
from the policy. The advocates of energy conserva-
tion who see negative cost opportunities for
reducing emissions frequently attribute some of
these opportunities to badly drawn building code
specifications or inappropriate utility regulations.
The policy is to reform these imperfections, and the
tool is the redrafting of the regulation.

Moreover, policies directed to specific trace
gases (CFCs, for example) may have a link with
particular instruments. The speed with which
international agreement has been reached on the
phasing out of these ozone-depleting chemicals is a
reflection, no doubt, of the perceived risks of
melanoma cancer. Attention is focused on reducing
production as fast as possible and devising schemes
to cut emissions from stocks of old cars and
refrigerators.

While the Montreal protocol and follow-up
agreements have left implementation to participa-
ting countries, provision was made for emission
trading and other instruments. However, quotas
and phase-out schedules — forms of regulatory
controls — appear to have been the main instru-
ments called upon to achieve the quick emission
reduction called for in this global problem area.
The fact that the few, large production sites and
enterprises involved were ready to cooperate fully
made these policy tools readily implementable and
easily monitored.

While recognizing that there are difficulties in
separating policy from instrument, this paper
proceeds with the view that the distinction is clear
in most cases and that it enables the researcher to
appraise the benefits and costs of applying alter-
native policy instruments to a policy goal. Hence, it
is envisioned that policymakers have available to
them a list of various command-and-control
measures, market-based approaches, and govern-
ment intermediate efforts to influence behavior,
such as information dissemination, research, design,
and development (RD&D) stimulation, and the like.
The task is to match these policy instruments to the
characteristics of the atmospheric trace gases so as
to reach the environmental target in the most
"satisfactory" way. Such criteria of the
"satisfactory" way as implementability, cost
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effectiveness, flexibility, and enforcement must be
interpreted in light of the greenhouse effect.

5.1 Implementability

There are two aspects of this criterion that
deserve attention: the acceptance of an instrument
as "fair" by those affected and the feasibility of the
instrument as applied to sources and sinks of trace
gases.

Tax rates (either carbon or commodity taxes)
designed to reduce emissions are regressive in that
they affect both poor families and poor countries
more heavily than their richer counterparts, unless
offsetting tax reductions or transfers are made. If
carbon taxes are the agreed upon international
means to deal with global warming, then acceptance
of a rate by all nations has much to be said for it;
duties on fossil fuel imports or fossil-fuel-intensive
commodities from nontaxing countries would not be
necessary. Therefore, if carbon taxes are to be
implemented, the regressivity issue is on the
agenda. Requiring permits results in higher energy
prices, raising essentially the same issue. (If tax
rates and emission permits are designed to achieve
the same reduction in emissions, and if the market
operates under conditions of certainty, the impact of
both policy instruments on price is identical.)

Market-based approaches (either taxes or
tradeable emission permits) seem more implement-
able for CFCs or CO2, trace gases for which sources
and sinks are better understood, than for the other
major trace gases, CH4, N2O, and tropospheric O3.
The sources for CH4 and N2O

 a r e poorly under-
stood, diverse, and, to a considerable extent,
nonanthropogenic. Except for a few sources of these
latter gases, such as fertilizer use and application, it
seems unlikely that market-based approaches could
be implemented and enforced.

For the CFCs and CO2, questions arise as to
which stage of processing implementation could best
be applied. A consumption tax or emissions permit
would force public officials to calculate the trace gas
content of numerous end-use products. Measuring
and recording the carbon content of consumer
products would generate work for an army of
inspectors and enumerators. The production or
extraction stage would hold out more promise.

5.2 Cost Effectiveness

Market-based approaches would appear to
dominate this criterion; they do not require public
authorities to have the detailed microeconomic data
on input and market basket options that command-
and-control regulation requires. Nor do they impose
rigid practices or technologies on firms and
consumers. A tax rate or permit price provides the
incentive for the cost-minimizing producer or
consumer to utilize his or her information in
making the appropriate adjustment. The public
authorities can devote themselves to setting tax
rates or determining the volume of permits. Both
cross-sectional or interfirm and intertemporal cost
effectiveness can be claimed for these decentralized,
price-determined instruments.

1 find the argument persuasive, but some care
must be taken in particular applications.
Tropospheric ozone concentrations generated by
precursors appear to depend on many factors,
including the number of hot, sunny days that fall
together. This random variability makes it difficult
to devise a market-based approach that is quickly
adaptable; hence, outright bans or prohibitions may
be more cost effective. If the negative cost
argument of devoted energy conservationists is
correct, regulation and reform of existing practices
may be required, since "getting the price right" did
not work in the first instance.

As multiple trace gases are at work in the
greenhouse effect, the appropriate tax rate or
emission permit price for each gas must reflect its
wanning potential; otherwise, incorrect incentives
are transmitted to emitters, weakening the cost
effectiveness argument. Harmonizing these rates or
prices will depend on discount rates, radiative
potential, and atmospheric lifetimes. To do this
with a reasonable chance of success requires
construction of a weighting index, a CO2-
equivalence metric, which is not without its
difficulties (IPCC 1990a; Nordhaus 1990).

5.3 Flexibility

Adjusting both policy and policy instruments to
new knowledge is vital in an environmental area
infused with uncertainly like climate change is.
One aspect of this uncertainty is the desirability of
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avoiding irreversible policies or instrument settings
that impose heavy costs if they turn out to be
wrong. Suppose the government had invested
heavily in cold fusion, or required enterprises to
prepare the way for its introduction on the grounds
that no trace gases were emitted from this energy
source!

Among the market-based approaches, there is
an argument favoring tradeable emissions on this
criterion. International negotiation of tax rates, if
such an instrument were to be chosen, is likely to
be an arduous, time-consuming task, perhaps
making GAIT deals look easy. Resetting tax rates
to take advantage of new information is a highly
likely and desirable event, but the renegotiation
may be more difficult than the original negotiation.

The volume of tradeable emission permits could
be adjusted more easily. For a cumulative emission
system, or undated permits, initiated in the market
to accord with a targeted trace gas (CO2) concentra-
tion volume, the number of outstanding permits
could be adjusted by "open market" operations
carried out by an international agency operating as
a central permit bank.

Dated permits issued for a year or less would
make up an even more flexible system, in the sense
that next year's volume could be adjusted to next
year's information. Such flexibility could carry a
price: Emitters carrying out long-lived investments
in abatement technologies must have some
trajectory of tax rates or permit prices in mind
when deciding upon the most cost-effective
intertemporal allocation of expenditures.
Unexpected changes in rates or prices over time
could upset these plans.

5.4 Enforcement

At first glance, command-and-control measures
appear to be easier to monitor and enforce than
market-based measures, because they are clear-cut
in prescribing standards and technologies. There is
certainly more experience established with this form
of regulation. However, second thoughts, always
the best, cast doubt on this assertion. Checking the
performance of microeconomic decision makers may
entail expensive arrangements of personnel.

However, market-based measures, being relatively
new in the environmental field, may contain nasty
surprises. The value of permits would depend in
part on compliance with the rules; cheating or
counterfeiting would dilute the value of authentic
permits.

5.5 Matching Gas Source and Sink
Control with Policy Tools

Several features of GHGs bear directly on the
choice of policy tools. In the main, they are
distributed after their emission throughout the
global atmosphere. They have both anthropogenic
and natural sources and sinks that differ in their
amenability to control. A careful matching of these
sources and sinks with the policy instruments is a
requirement of well-advised policy.

A detailed account of the sources and sinks and
of chemical transformations would be valuable at
this point, but this is beyond the scope of this paper.
What is important for our purpose is the
anthropogenic share of total emissions: All CFC
and related compound emissions are anthropogenic,
as are almost all CO2 emissions, perhaps two-thirds
of CH4 emissions, and less than a quarter of N2O
emissions. Altering natural sources and sinks as a
policy device seems difficult and expensive, so policy
tools will have to be applied to human activities
that give rise to emissions.

The CFCs are produced at a few large sites,
although emissions from old capital are scattered
and diffuse. Anthropogenic sources of CO2 arise
mainly from fossil fuel use and, to a lesser extent,
from deforestation; the problem here is at what
level or stage of processing of fossil fuels policy
control should be instigated. Anthropogenic CH4
emissions arise from processing of fossil fuels and
agricultural practices. N2O arises primarily from
the latter source.

Sink enhancement offers some promise in the
case of CO2, either through reforestation or
geoengineering plans, such as seeding iron
molecules in cold northern seas to facilitate growth
of CO2-absorbing organisms, or hurling particles
that screen out incoming ultraviolet sunlight into
the stratosphere. Sink enhancements would appear
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to be activities deserving of study that would be
best encouraged by government research or
subsidies until they are better understood.

An overview of the matching process just
described is presented in Table 3 to provide a
qualitative picture of three classes of policy tools
matched with the trace gas sources. The tools are
grouped into regulatory, RD&D and subsidy
(government partnership), and market-based
approaches.

The CFCs are characterized by a few large
production sites with cooperative management, so
both regulation and market-based approaches have
proved effective. Reducing emissions from stocks of
old cars and refrigerators remains a difficult issue;
creating incentives for proper disposal may involve
a range of tools.

A more rapid phasing out of these gases is
moving up on the international agenda. New
agencies have been created in the World Bank to
provide capital at subsidized rates to developing
countries to aid in replacing the CFCs with more
benign substitutes. Implementation of a wide
variety of policy instruments seems feasible and is
underway. The market-based approaches seem
most promising in terms of cost effectiveness, but
regulatory measures may be the most
straightforward to enforce.

For CO2 emission control, the market-based
approaches, when initiated at the extraction stage
of processing, hold out prospects for cost effective-
ness and flexibility. Enough time seems to be
available to design systems that create the proper
incentives. Given die uncertainty surrounding
damage estimates, emission permits may have an
advantage over taxes in that they ensure policy-
makers that the desired emission reduction will be
obtained. Tax rates may yield widely varying
emission reductions.

Monitoring and enforcement may pose problems
for new market-based approaches. If CO2 emissions
are to be constrained at intermediate or end-use
stages, new match options are opened up. Energy
conservationists can argue that regulatory measures
for buildings, appliances, etc., geared to particular
inefficiencies will outperform altered price patterns;
tht> issue is not close to reconciliation yet.

Both CH4 and N2O, given current knowledge,
offer poor prospects for market-based approaches.
The chances of success seem slim, and the costs of
failure are high (casting doubt on a promising new
approach). The diversity of sources suggests that
experimentation with a variety of tools will be
worthwhile if any action at all is to be undertaken.
The same conclusions may be drawn for
tropospheric ozone.

In general, Table 3 suggests that no one policy
tool will fix the problem. Applying market-based
approaches to those areas with the greatest chance
of success — CO2 emission reduction — seems well
advised. Emission permits may be more acceptable
than taxes and may offer more control in uncertain
areas; they are deserving of more intensive
research. Regulatory measures will continue to
have their advocates and their place. Their cost
effectiveness ought to be questioned in each
instance. Government partnership in research and
in RD&D is a good buy in this uncertain area.

6 CONCLUSIONS

The argument of this paper is that economists
can contribute to the policy discussion by carrying
out "plain vanilla" benefit-cost analysis, with details
on its limitations clearly marked on the package. A
secondary goal is one of clarifyihg^the implications
of alternative targets.

Estimation of damages remains the under-
developed area; perhaps because it is messy,
difficult, and lacking in glitz. The lack of reliable
damage estimates in climate- sensitive areas may
be due to the fact that there are not very many
damages, but I remain unconvinced that the
impacts of extreme climatic events, storm
frequencies, soil-precipitation interactions, and the
like have been sufficiently investigated.

The controversy between bottom-up and top-
down cost estimation methods is one that
emasculates the policy debate. The tempting
promise that emission reductions are achievable at
negative cost can steal center stage from more
painful choices. Unfortunately, it is going to take
some time to determine the degree of accuracy in
bottom-up claims. More work on price-induced
conservation is in the mill, and this should help.
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TABLE 3 Matching Matrix: Policy Instruments and Greenhouse Gas Control Criteria8

Regulatory Instruments

Policy Instruments

Government Demonstration Market-Based Approaches

Greenhouse Gas and
Criteria

Technology Efficiency Bans and
Standards Standards Quotas

Subsidies Information
and RD&D Standards

Emission Excise Marketable
Taxes Taxes Permits

CFCs
(a) Implementation
(b) Cost Effectiveness
(c) Flexibility
(d) Enforcement

CO2

(a) Implementation
(b) Cost Effectiveness
(c) Flexibility
(d) Enforcement

CH4

(a) Implementation
(b) Cost Effectiveness
(c) Flexibility
(d) Enforcement

N2O
(a) Implementation
(b) Cost Effectiveness
(c) Flexibility
(d) Enforcement

O3 (precursors)
(a) Implementation
(b) Cost Effectiveness
(c) Flexibility
(d) Enforcement

0
0
0

0
0

0
0

0
0

0

0

0

0

0

0

0

0

0
0

•+ M good match, - « poor match, 0 « uncertain match. I
en
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The choice of policy tools is complex, given the
multigas, multisource, and multisink character of
the greenhouse effect. No one tool seems able to fix
the problem to everyone's satisfaction, and there are
good reasons for this situation. Adapting various
tools to the numerous sources and sinks may prove
beneficial. This policy would allow governments to
choose their preferred mix. The tool-source-sink
combination must be appraised by economic calcula-
tion for its cost effectiveness (e.g., cost of a
reduction in CO2-equivalent emissions per ton).
Market-based approaches hold great promise on this
score. Tradeable emission permits, as the "new kid
on the block," have the attention of economists
firmly fixed on them.
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8 ENDNOTES

1. A. Pigou was the English economist who
analyzed how the imposition of a tax on
polluting commodities would internalize for the
enterprise the external costs of the pollutant.
The reason for the range in the tax given in the
example is a result of the range in the estimates
of damage or impacts; they ranged from low to
medium.

2. The exception to this statement, which proves
the rule, is the stratospheric ozone depletion
problem, in which the threat of skin cancer and
other damages and the feasibility of substitutes
for the CFCs and other pollutants have led to
remarkable international cooperation on policy.
I am indebted to professor Gilbert Bassett in
calling to my attention the literature on
"existence value" research, which represents one
way to broaden the concept of environmental
damages.

3. The U.S. EPA (1988) carried out a massive
survey of potential effects of climate change on
the United States. The findings for the Great
Lakes (Chapter 5) may be of special interest:
Projections of climate change from three general
circulation models under a scenario in which
CO2 concentration is doubled indicated higher
temperatures (the range was from 3° to 7°C)
and precipitation changes (from +0.6 mm to -0.5
mm per day). Corn yields could decline up to
60% (except for Minnesota), and lake levels
could decrease from a few inches to 7 feet. The
ranges hint at the difficulties of making regional
climate-change projections.

4. This is the region of responsibility of the
Federal Reserve Bank of Chicago. I want to
thank Dave Allardice and Bill Testa of the bank
for providing useful data on the region's
economic and demographic characteristics.
They are not responsible for the damage
estimates or for errors.

5. The scales of the two abscissas are different but
can be made comparable. Figure 1 is measured
in CO2-equivalent percentage reductions, and
the optimal reduction point (where the marginal
curves cross) is a little less than 20%. Figure 2
is measured in billions of tons of CO2-equivalent
for the United States. Where the mitigation
curve crosses the axis, about 2 billion tons,
represents a reduction of about 25% in U.S.
emissions. Note, however, that Figure 2 data
are probably average costs, not marginal costs.
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