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ABSTRACT

The possibility of detecting easterly propagating low frequency signals in the
Southern Hemispheric circulation is explored in connection with the assessment
of a possible seasonal rainfall forecast in central Chile.

The analysis has focused on the seasonal variability associated with the bien-
nial component of the Southern Oscillation (SO) and on the one resulting from
superimposed intraseasonal oscillations, in relation with winter precipitation
and individual rainfall events, respectively.

Based on a previous work, relating wet winters to frequent blocks to the SW
of South America during warm events of the SO, time-longitude cross sections
of a 5-day average blocking index (BI) calculated from ECMWF 200 hPa daily
hemispheric analyses for the period 1980-1987 are presented.

A general eastward displacement of western and central Pacific positive BI
areas seems to characterize the developing phase of warm SO events and vicev-
ersa, while intraseasonal variability patterns appear to be related to single rain-
storms either when the positive BI phase of the wave amplifies while crossing
the western Pacific or when it reaches the far southeastern Pacific, frequently
with a double block structure.

It is concluded that the behaviour of both sources of variability is consis-
tent with previously described teleconnection patterns for ENSO events in the
southern winter, and that a primary prospect for winter precipitation and for
the occurrence of relatively large individual rainstorms in central Chile could be
obtained following the filtered BI and 500 hPa height anomalies in both time
scales during the fall season.

1. INTRODUCTION.

The association of extremely wet years in central Chile with the occurrence of
warm events of the Southern Oscillation (SO) or El Nino episodes, and the ten-
dency for relatively dry conditions during the positive phase of the SO has been
widely documented in several studies (for a review see Rutllant and Fuenzalida,
1991). The tendency to have cold event-like anomalies in the years preceding
the development of warm episodes, seems already widely accepted (Kiladis and
Diaz, 1989).

The increase in rainfall during the warm phase of the SO has been associated
to a relatively weak and northward displaced SE Pacific subtropical anticyclone
(Aceituno, 1988) and to an enhanced blocking activity southwestward of the
southern tip of South America (Rutllant and Fuenzalida, 1991).

However, the anticipation of such extreme seasonal anomalies seems to be a
more difficult task. First of all, major rainfall anomalies in central Chile occur
during the developing phase (year 0) of warm (wet) and cold (dry) events of the
SO (Rutllant and Fuenzalida, 1988; Aceituno and Vidal, 1990). That means
that, at best, they are in phase with other major climate anomalies around the
world (Rasmusson, 1987), that could eventually be used as precursors. More-
over, in some cases, episodes of negative SO phase have aborted during those
early stages, as it recently happened in March 1990 when the SO indices changed
abruptly from a steady tendency towards a warm event (Janowiak, 1990) back
to cold/normal conditions (Fig. 1).

A second reason explaining the difficulty in attempting a seasonal rainfall
forecast based on SO-related parameters is the apparent simultaneous occur-
rence of major anomalies in the central equatorial Pacific area with the rainfall
events, both on monthly and event time scales. In fact, not only lagged corre-
lation analysis of monthly mean SST (sea surface temperature) and OLR (out-
going longwave radiation) anomalies in the equator around the date line with
rainfall anomalies in central Chile show better coefficients at lag zero (Aceituno
et al., 1989), but also single occurrences of equatorial westerly wind anomalies
in that key area seem to produce a quasi-instantaneous response in central Chile
precipitation (Aceituno and Rutllant, 1991).



A third reason for concern in assessing a seasonal forecast is the strong vari-
ability within a given rainy season, as documented in Rutllant and Fuenzalida
(1988, 1991).

In this study, the possibility of tracking the evolution of interannual and
intraseasonal signals from the Indian ocean area into the South Pacific basin
will be assessed. If these features could be identified no later than April, the
agriculture and water resource management could hopefully benefit. However,
a large degree of timing and amplitude variability can be expected among warm
event occurrences, as discussed by Kousky and Leetma (1989) when comparing
the 1982-83 and 1986-87 cases with the canonical event of Rasmusson and Car-
penter (1982). Moreover, the large degree of low-frequency variability in the
southern hemisphere, reflected in the difficulty in finding a few preferred states
of the circulation and identifying their mutual transitions, has been pointed out
by Kidson (1988).

2. WORKING HYPOTHESIS

Composite seasonal SLP (sea level pressure) hemispheric anomaly fields for
February, March and April of the year of the developing phase of a warm event
(year 0) of the SO, corresponding to late summer/early fall in central Chile, show
a large positive value at 55 S and 165 W (van Loon and Shea, 1987). This area
is where most frequent blocking activity occurs in the Southern Hemisphere
(Trenberth and Mo, 1985). As noticed by van Loon and Shea (op.cit.), this
average seasonal positive anomaly feature moves eastward, reaching longitude
90 W at the peak of the rainy season in central Chile {June, July and August).
Thereafter, it tends to stay around the Bellingshausen Sea area until September-
October (year 0).

At the same time, the region with extreme negative SLP anomalies, lo-
cated early in the year just north of the positive one, moves also eastward and
deepens in the subtropical central-south Pacific longitudes until the end of the
austral winter of year (0). This pattern of high and low SLP anomaly centers
is consistent with the teleconnection pattern described by Karoly (1989) for
the warm-event composite of the upper troposphere geopotential anomaly field,
confirming the barotropic equivalent nature of this longwave perturbations.

White the positive SLP anomaly center at the Bellingshausen Sea area favors
enhanced local blocking, driving the northern branch of the split flow towards
central Chile (Rutllant and Fuenzalida, 1991), the negative SLP anomaly center
contributes to the weakening of the SE Pacific subtropical anticyclone and to
the enhancement of the South Pacific Convergence Zone (SPCZ), as pointed out
by van Loon and Shea (op. cit.). The fact that warm (cold) event anomalies
tend to precede those associated to cold (warm) events in year (-1), reflects a
biennial component of the interannual variability signal.

This low-frequency variability has been also identified ahead, during and
after the warm event of 1982-83, through longitude-time sections of the 850



hPa zonal wind components (U850) and OLR anomalies along the equator by
Murakami and Sumathipala (1989). This anomaly pattern moving from the
Indian Ocean to South America is also consistent with Barnett's (1985) drifting
global SLP anomalies.

In summary, a coherent pattern of drifting SLP anomalies, in the biennial
time scale, seem to be a characteristic feature from the beggining of the devel-
oping phase of a warm event of the SO. The same would hold for the opposite
(cold event) phase of the SO.

Superimposed on this low-frequency (LF) variability, intraseasonal oscilla-
tions (10) in the range of 30 - 60 days period could explain the high variability
within one specific given warm event, alternately damping or reinforcing the
conditions leading to high precipitation in central Chile.

Admitting that both intraseasonal and biennial components of the anomaly
fields already discussed are associated to similar anomalous flows in the south
Pacific basin during the southern fall and winter, it seems possible to spec-
ulate about the way in which these perturbations would shape the blocking
index (BI) fields, as defined by the Australian Bureau of Meteorology (ABM)
in their Southern Hemisphere Climate Monitoring Bulletin (ABM/CMB). The
physical connection would start when easterly propagating equatorial west wind
anomalies reach a high SST area where convection is enhanced through moisture
convergence. The convection would induce the same teleconnection pattern that
develops in the austral winters during the developing phase of a warm event,
as depicted in Karoly (1989). Both the trough at subtropical latitudes and the
ridge at high latitudes in the upper troposphere, stemming from the an tic y-
clonic anomaly couplets northward and southward from the area of enhanced
equatorial convection, would tend, by definition, to increase BI values.

Following the preceding remarks, one should look for high BI values (or
positive BI anomalies) in the area around 165 W during the early fall of the
developing phase of a warm event. High average BI values should move easterly
during the austral fall - winter transition, modulated by intraseasonal oscilla-
tions that would alternately reinforce or damp the BI pattern across the Pacific.
Certainly, the synoptic scale and other sources of LF variability could add sig-
nificant noise in the identification of those patterns.

3. DATA AND PROCEDURES.

Zonal wind components (U) from the daily hemispheric 200 hPa analyses
performed at the ECMWF during the years 1980-1987 were used to obtain
blocking indices centered at 50 S, as follows:

BI (50/200) = 0.5 (U30 + U35 + U65 + U70 - U45 + U55 - 2*U50).

This procedure follows the schemes of the ABM/CMB. The central latitude
corresponds to the prevailing storm tracks in the Southern Hemisphere (Tren-



berth, 1989) and, consequently, to the most probable latitude for the split flow
of the westerlies associated to blocking conditions.

The primary data was organized in pentads in order to filter out the high
frequency synoptic variability. Continuous BI Hovmoeller diagrams from March
to September were drawn for the years 1980-87 (Figs. 2-9), aiming at the
identification of patterns of seasonal and intraseasonal variability, the first ones
associated with the biennial component of the interannual fluctuations.

For the hemispheric Hovmoeller diagram interpretation, it is important to
define an empirical threshold for the positive BI values to represent blocking
conditions. Kayano and Kousky {1989) set that level at 35 m/s. To identify
strong blocks, Figs. 2-9 depict black areas indicating BI values equal or larger
than 40 m/s to strenghten strong blocks. The South Pacific basin at high
midlatitudea spans from 150 E to 60 W, approximately. The South American
anomalous blocking area during the development of the warm phase of the SO is
located at around 90 W (Rutllant and Fuenzalida, 1991). The region betweent
150 W and 180 corresponds to the area of the highest frequency of blocking
in the Southern Hemisphere (Trenberth and Mo, 1985). According to these
authors, the second most frequent area corresponds to 60 W.

4. RESULTS AND DISCUSSION.

Figures 4 and 9, corresponding to warm event developments during 1982
and 1987, show a tendency for a low-frequency gradual eastward shift of the
positive BI fields according to the expected average eastward drift of both the
positive and negative SLP anomaly centers, with an ensuing anomalous sub-
tropical trough (SPCZ) extending eastward to South America (van Loon and
Shea, 1987).

These low-frequency changes can be better visualized in Figs 2-9 by a time
change in the longitudinal extension of the positive BI patterns in the South
Pacific. In fact negative BI values, characteristic of the high zonal index circu-
lation of the Indian ocean, extended eastward into the western Pacific in 1982
(Fig. 4). This low-frequency drift seems to culminate, in that case, in the mid-
dle of the southern winter. In 1987 (Fig. 9), the eastward drift seems more
steady throughout the eastern Pacific sector.

Conversely, in 1985 (Fig. 7) the negative BI area in the western Atlantic
moved steadily westward into the eastern Pacific, coinciding with the same ten-
dency in the western Pacific. A similar scheme, but with both drifts culminating
around July, was present in 1981 (Fig. 3). Normal precipitation years in central
Chile (1980, 1983 and 1984) tend to present hybrid schemes, with an apparent
different behaviour at both extremes of the Pacific area.

High-frequency extreme positive and negative BI drifts, superimposed on
the described general trend, reveal intraseasonal oscillations that frequently
modulate the rainfall activity in central Chile during those periods when the SE
Pacific subtropical anticyclone is weak (low SO Index values).



The propagating BI intraseasonal signals almost invariably amplify or start
at the western Pacific, particularly around the preferred blocking area of the
hemisphere, south of New Zealand. Several oscillations apparently originate as
weak perturbations in the Indian ocean, in particular one that starts at the beg-
gining of May (in all years except in 1984), reaching the extreme southeastern
Pacific around mid June. That could be related to a change in the midlatitude
atmospheric circulation associated to the onset of the Asian monsoon season,
paralleling the way in which global SLP anomaly teleconnections are reflected at
the Indian Ocean before the onset of an ENSO event (Barnett, 1985). Moreover,
the amplification of the global SLP anomaly pattern in 1982, when positive val-
ues reached the Indonesian-low area in Barnett's description, seems also to have
its counterpart in the high-BI phase of the intraseasonal oscillations (Figs. 2 to
9), that experience a sudden amplification immediately east of 150 E, in connec-
tion with blocking. Non-linear interaction arguments between interannual and
higher frequency modes of the U850 anomalies in the western Pacific have been
proposed by Murakami and Sumathipala (1989) to explain this enhancement.

Another relevant feature that can be observed through the diagrams is that
in many cases a second, less intense block, appears in the key area between 90
W and 60 W at the same time of the principal one in the western Pacific. One
notable exception to this behaviour occurred in 1984 (Fig. 6) when in some
cases the intensity pattern of the double block reversed. This double block
structure can be interpreted as the effect of two consecutive intraseasonal waves
or to the action of the Pacific South America (PSA) teleconnection pattern,
as the equatorial convective phase of the intraseasonal wave drifts through the
vicinity of the dateline 1.

Typical periods associated to most of these wavelike perturbations are about
50 days, though faster propagation with periods of the order of 30 days can be
identified in June and the first half of July 1983 (Fig. 5). On the other hand,
slower propagation speeds seem to be present in 1986 and 1987 (Figs. 8 and 9).

The moat regular oscillation pattern is apparent in 1981, (Fig. 3) during the
weak cold event that preceeded the strong basin wide warming of 1982-83.

The equatorial intraseasonal oscillations in May and June of 1985, described
through OLR anomaly fields in Knutson and Weickmann (1987), and reproduced
in Fig. 10; have their counterpart in Fig. 7. Although the time of crossing of
the dateline coincide, the positive BI waves have a lower phase speed. However,
in both occasions the crossing through the dateline area produced a positive BI
response at 90 W, as it would be expected from a PSA teteconnection pattern.

The tendency for multiple blocking or single blocks within quasi-stationary
states of the hemispheric circulation, often coincide with a dominant zonal
wavenumber 3-4 at high latitudes, as documented by Mo (1986), where most
of the reportes cases coincide with the warm-event development years of 1972,

1\ recent illustration of this effect occurred when an intraseasonal oscillation reached the
dateline urea at the end of August 1990 (NOAA/CAC/CDB), producing rainfall in central
Chile after an extremely dry winter season.



1977 and 1982.
These coincidences would tend to favor the dominance of the teleconnection

scheme over the consecutive wave scheme in the explanation of the simultaneous
blocks in the South American sector, at least during warm event developments.
This is also consistent with the near simultaneous occurrence of rain events
in central Chile and westerly wind anomalies in the central equatorial Pacific
(Aceituno and Rutllant, 1991) in those cases when the SST and enhanced mois-
ture convergence enable deep convection.

The BI Hovmoeller diagrams represented in Figs. 2-9 also allow for an at-
tempt to interpret the special cases discussed in Rutllant and Fuenzalida (1991).
In fact, the dry month of June 1987 (Fig. 9) that occurred within a wet win-
ter in central Chile, was under the effect of the negative BI phase of a slow
intraseasonal oscillation.

In July 1984, with record rainfall in central Chile, no intraseasonal waves can
be traced before August. However, strong blocks in the Drake area dominated
with a westward drift in the BI patterns during the first half of July.

The special blocking characteristics of June 1982 are discussed in detail in
Mo et al., (1987). According to these authors, a large positive anomaly in the
500 hPa field at 80 W and 50 S persisted in that position from the 14th to
the 21st. This fact is not well reflected in Fig. 4, probably due to the central
latitude of the blocking high. This month, when the typical negative OLR
anomaly patterns of the SPCZ did not show up (Aceituno et al., 1989 , major
rainfall events occurred before and after the block in the Drake passage area,
when a low BI phase of an intraseasonal wave seems to have left a meridional
stationary trough to the west of South America with a minimum BI value at
about 100 W (Fig. 4). The incoming positive phase of the wave produced a
positive block south of the New Zealand area, but the expected simultaneous
high BI value in the South American sector did not materializa until 40 W,
within an anomalous overall wavenumber 2 circulation pattern.

5. THE PRESENT 3-YEAR DROUGHT AND PERSPECTIVES.

The cold episode that started after the warm event of 1986-1987 was the
first significant one since 1975. In fact, during the 12-year period from 1976 to
1987, warmer than average conditions prevailed in the equatorial Pacific. They
resultedin an average standard SOI (Southern Oscillation Index) substantially
lower than the one characterizing the records before 1976.

The conditions discussed above completely reversed in a "dramatic shift"
(Ropelewsky, 1988) from the southern winter of 1988 on, with severe drought
in many areas of central Chile and violent floods in India (WMO, 1990), con-
sistently with the global climate anomaly patterns associated with the SO ex-
tremes, as recently reviewed by Kiladis and Diaz (1989).

Since no daily hemispheric analyses were available to us during this period,
seasonal hemispheric anomalies of the 500 hPa geopotential heights from Arkin



(1988), Ropelewski (1988) and Chelliah (1990) will be commented. Seasonal
variability in relation to SO swings, discussed previously, is analyzed in terms
of 1-2-1 monthly moving averages of OLR and 850 hPa zonal wind anomalies
(U850) at the central equatorila Pacific anomalies, from the same sources.

Seasonal hemispheric 500 hPa height anomalies have systematically shown
an abnormally strong subtropical anticyclone and a dipole pattern across the
southern tip of South America of opposite sign as compared with the prevailing
one during the 1987 southern winter. This last feature appears more clearly , in
in some monthly 500 hPa height anomaly charts (NO A A, CAC), as in May 1988,
August 1989 and July 1990, when the intraseasonal variability was probably in
phase with the expected seasonal anomaly fields. These overall features are
in fairly good agreement with JJA anomalies for year (-1), according to van
Loon and Shea (1987) and discussed in Rutllant and Fuenzalida (1988). Fig.
11 presents seasonal 500 hPa height anomaly charts for the southern winters of
1987, 1988 and 1989, plus the July 1990 one, since the corresponding seasonal
chart was not available at the moment of writing this report.

From a perspective of monitoring the evolution of seasonal anomalies, the
conditions that prevailed late in 1989 and early in 1990, after a normal south-
ern winter (Chelliah, 1990), deserve a special consideration. In fact, Janowiak
(1990) seasonal summary corresponding to December 1989 to February 1990
called for a "return to ENSO-like conditions in the western Pacific" with regard
to the signal in the anomaly fields of OLR and U850 in the central equatorial
Pacific (Fig. 12). However, model outputs did not predict a warm event to
develop in that year (Kerr, 1990). The same conclusion could have been drawn
from the hemispheric 500 hPa anomaly heights (Fig. 12) when compared with
van Loon and Shea (1987) SLP anomalies in the same season for year (-1).

Prospects for 1991 are somewhat misleading, since though some observa-
tional features at the end of 1990 together with results from Lamont's Model,
indicated the possibility of a warm event to develop in 1991 (NOAA, CAC), Jan-
uary SO indices are not very encouraging, as pointed out recently by O'Brien,
who did not find westerly anomalies in the U850 data. In this respect, 1990
showed at the beggining of the year better perspectives than the present ones
for a warm event to develop. However, the seasonal December through February
1991 500 hPa anomaly heights should be crucial in terms of the presence of a
high latitude positive anomaly at or east of the dateline. Besides that, possi-
bilities for a warm event can not be discarded at present, in view of the large
variability in the onset timing of the last two events, as commented earlier.

6. SUMMARY AND CONCLUSIONS.

The possibility of detecting easterly propagating low frequency signals in
the Southern Hemispheric circulation has been explored in connection with the
assessment of a possible seasonal rainfall forecast in central Chile.

The analysis has been focused on the seasonal variability associated with



the biennial component of the Southern Oscillation, as described by van Loon
and Shea (1987), and its relation with the general winter precipitation. Super-
imposed intraseasonal oscillation signals have also been analyzed in connection
with single rainfall events, as only a few of them can account for a wet year
(Rutllant and Fuenzalida, 1991).

Based on a previous work, relating wet winters in central Chile to warm
events in the SO through anomalous blocking around the Bellingshausen Sea
area (Rutllant and Fuenzalida, op. cit.), time-longitude cross sections of a 5-
day average blocking index (BI) have been obtained from ECMWF 200 hPa
daily hemispheric analyses for the period 1980-1987. The following patterns of
variability have been identified in both time scales:

a) An average eastward displacement of low BI areas from the the Indian
Ocean into the western Pacific, and high BI areas of the western and central into
the eastern Pacific, seem to characterize the developing phase of warm events
of the SO, leading to wet winters, and viceversa. This is consistent with the
biennial signal behaviour in the SLP anomaly fields identified by van Loon and
Shea (1987).

b) Intraseasonal variability patterns, superimposed on the former ones, often
lead to precipitation events in central Chile. This can happen either when the
positive BI phase of the wave amplifies while crossing the western Pacific or
when it reaches the far eastern part of the basin, frequently with a double block
structure.

c) Dry spells during wet winters can be interpreted as the negative phase of
the BI intraseasonal waves reach the southeastern Pacific, and viceversa.

It can be concluded that the behaviour of both the seasonal and the in-
traseasonal variability patterns of the hemispheric BI time-longitude cross sec-
tions during the developing phase of warm events of the SO seem to explain
the favorable conditions for rainfall in central Chile. The relationship would
be established through the occurrence of high positive BI values to the SW of
South America, as a result of enhanced convection around the central equatorial
Pacific and the ensuing teleconnection patterns depicted in Karoly (1989). The
opposite behaviour seems also to characterize cold events of the SO.

Therefore, if ENSO forecast models can at least predict reliable tendencies
for the SO indices, and if seasonal and intraseasonal filterd BI and 500 hPa
height anomalies can be followed in almost real time, particularly those in the
first four months of the year, some primary prospect for winter precipitation
and for the occurrence of large individual storms could be obtained.
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FIGURE CAPTIONS

1. Normalized monthly SLP anomalies at Darwin and Tahiti (upper part) and
the standard Southern Oscillation Index (SOI) (lower part), calculated as
the normalized difference Tahiti - Darwin, both from NOAA/CAC data.
The bold line in the lower figure corresponds to a 3-month running mean.

2. Hemispheric BI time-longitude section for March-September 1980. BI values
are calculated with ECMWF 200 hPa analyses with zonal wind pentads
by means of the Australian Bureau of Meteorology formula centered at 50
S. Positive and negative values exceding 40 m/s are shaded. The vertical
lines at 150 E and 60 W indicate the span of the South Pacific basin at
high midlatitudes.

3. Same as Fig. 2 for 1981.

4. Same as Fig. 2 for 1982.

5. Same as Fig. 2 for 1983.

6. Same as Fig. 2 for 1984.

7. Same as Fig. 2 for 1985.

8. Same as Fig. 2 for 1986.

9. Same as Fig. 2 for 1987.

10. Time-longitude section of anomalies of the velocity potential at 250 hPa
averaged between 20 N and 20 S for the period 1985-1986. (From Weick-
mann, 1987).

11. June-July-August hemispheric anomalies of the 500 hPa geopotential
heights for a) 1987, taken from Arkin (1988), b) 1988, taken from Ro-
pelewski (1988) and c) 1989, taken from Chelliah (1990). The same field
for July 1990 is included in d) from NOAA, CAC. Anomalies for 1987 and
1988 are from the 1978-1983 base period while those for 1989 and 1990
correspond to a 1979-1988 base.

12. Time-longitude sections of smoothed 1-2-1 monthly anomaly fields of a)
OLR and b) U850, for 5 N-5 S from the 1979-1988 base period, and
c) December-January-February 1989/90 hemispheric 500 hPa anomaly
heights (same base period), both from Janowiak (1990).
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