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LARGE SCALE PRECIPITATION VARIATIONS OVER SOUTH AMERICA
DURING THE 1982-83 ENS0O EVENT

Antonio Divino Moura
Mary Toshie Kagano
Instituto de Pesguisas Espaciais - INPE
CP 515 - Saco José dos Campos, SP - Brazil

Abstract

The effects of 1338-83 ENSQ EVENT over South America are reanalized mainly
with respect to large-seale precipitation anomalies. Long lasting and very intense
Floods have oceurred in the southern parts of Brasil, northemm Argentinag, Paraguay,
Uruguay, Southern Bolivia, mainly during the period May-July 1983. Alsc, severe
droughts have striken Northeast Brazil, including the Amazon region which was very
dry during 1985. Feuador and northuesterm Peru sufferved strong flood eonditions
from the end of 1888 until mid-1983, Somes GCM simulations reproduced the general
aspects of the atmospheric cireulation observed during last strong warming over
Eastern Pacific. Theoretical results suggest that the precipitation anomalies
observed over South America could be explained as the atmospheric response to the
anomalous heating cver the Eastern Pacific associated with the FL Wiho,

1. INTRODUCTIGN

It has been noted that most of the El Nifio phenomena observed until
recently have shown atmospheric and oceanic circulation patterns slightly
distinct between themselves. Although much effort has been done in documenting
the characteristics and effects of this event there still remain two basic
questions: how does it iniciate; and what are the seqguence of events that
lead to an El Nifio. It is known, however that once the El Nino is teotally
established the anomalous positive sea surface temperature (SST) at
equatorial central Pacific acts as a heat source for the atmosphere with
subsequent rainfall ancmalies over large areas of the tropics and subtropics
(Keshavamurty, 1982).

In this paper the effects of 1982-83 El Nino event over South America
are reanalized mainly with respect to large-scale precipitation ancmalies
with special reference to Brazil, It is intended to compare the large-scale
regional aspects of the El Nino related precipitation anomaly pattern with
the results of previous diagnostic and theoretical works. .

2, PRECIPITATION DATA

A total of 268 stations were used with monthly precipitation data
obtained from various sources. Some Peruvian, Ecuadorian, Bolivian and
Paraguayan series were obtained by personal contacts and most of these are
long term series from the begining of the century up to 1984. bata given in
the Monthly Climati¢ Data for the World (U. §. Department of Commerc¢e} with
series longer than 30 years were also used.

In order to have a better density of stations over the area, some
stations were added for which only the monthly precipitation deviations were
available and published in the Monthly Climatic Data for the World, based on
30 years averages. For some Brazilian stations the same procedure has been
adopted, but using the Gata available in the Boletim Agroclimatoldgico of
INEMET .

Al)l stations are shown in Fig. 1, while Table 1 gives the station
locations and the period of available data.
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Fig.l. Locations of the pluviometrif stations over South America., Full
cireles indicate station for which long series of precipitation
data are available; empty cirgles indicate auxiliary stations
for which only precipitation deviations were found {Monthly
Climatic Data for the World or Boletim Agrocclimatoldgico of INEMET).

. TABLE 1
Locations of the pluviometric stations showing the record periecds. Last
column indicate the gource of data where C means perscnal contact, M
meane Monthly Climatic Data for the World and A means Boletim Agroclima
tologico of INEMET.

DRARZIL
i Fortaleza 03 435 38 30W  184% - 1984 C .
? Santa Quitérla g4 295 40 10w 1912 - 1984 cC-A
3 Quixeramabim 05 125 3% 17W 1896 - 1983 M«C
4  Flores 07 50s8 37 59W 1911 - 1983 C
5 Casa Nova oa 24 41 Ugw 1ull = 1981 C
& Remanso 03 4ls 42 [daw 1911 - 1983 C-A
7 Rec:ife o8 038 34 G4W 1B75 - 1983 M
8 Araci 11 208 368 57W 1ull - 1%83 <
9 Queirmadas 10 588 % 38w 1911 - 1981 ¢
10 Salvador 12 598 38 21W 1911 - 1981 M
11 Rio das Cantas L1 348 41 499 1911 - 1981 C
12 Cactite i4 045 42 289 191L - 1983 <C©
13 Palmas de Monte Alto 14 165 43 10w 191t - 1YB3 C©
14 Januiria 1% 295 44 22w 1912 - 1984 C=A
19 Careling Q9% 205 47 28d 1913 - 1983 M
\E Concelgio do Araguata 08 155 49 17w 1948 = 15983 M
17 Porto Nacional 10 425 43 25w 1949 - 1983 M
18 Bolém . g1 27s 48 29W 1948 - 1983 ™
19 Yaupes 0o ©08S 67 05w 1331l - 1983 M
. 20 Manaua 03 078 60 01w 1910 = 1983 M
21 Bepjamln Constant 04 228 70 02W 196] = 1932 M
22 Porte Velho CH  4&& 63 5S4W 1961 ~ 15831 M
23 Culabs 15 363 56 04w 1001 - 1983 M
24 Corumdd 19 018 57 40w 1931 - 1983 »
2% Julz de Fora 21 165 43 21w 1910 - 1983 o
26 Rio de Janelra 22 548 431 1w 1851 = 1983 M
2?7 S&0 Paule 23 308 46 W 1887 - 1881 M
2§ lguape 24 438 47 3w 1895 « 19B3 M
29 Curitiba 25 268 49 149 1585 ~ 1984 M
VENEZUELA
34 Maracaibo . 10 34n 7L 44W 1951 - 1983 M
311 Maracay 10 15H 67 39w 1951 - 1983 M
32 Merlda 98 23eN 7L 1l 1951 ~ 19384 M
31 San Fernando 07 S4N 67 254 195} - 1984 M
24 Santa Helena g4 26N 61 a7W 1951 - 1984 M
FRENCH GUIANA
a5 Cayenne 04 508 52 22w 1951 - 1984 M
COLOHBIA
36 Turko 08 06N 76 43W 1870 - 101 M
37 Bucaramanga 07 Ceéw 73 11w 15659 - LY9Bd m
318 Medellin 06 L3N 35 36w 1969 - 1984 M
19 Bogota g4 42N 74 08W 1866 - 1984 C M
- 40 Bucnaventura 03 53 97 04w 196% - 1934 M
4l Cali 03 24K 76 28w 1967 - 1984 M
42 Iplales ¢¢ 50N 77 40w 1971 - 1584 M
ECUADCR
43 Quita Q0 088 T8 29w 1891 - 1984 C
44 Porto Vieje 01 ©¢2s D 1931 - 1982 ¢
45 Isabel Maria al 488 7% 32w 1930 - 1983 C
46 hmbato gL 148 78 T4 1004 - 1283 C
47 Guayaqull Q3 093 7% 53w 1915 - 1983 C
. 48 Loja 04 028 79 12w 1930 - 1983 C

{continue)
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PERU
Iquitcs
“alara
Piura
Yurimaguas
Tarapoto
Chachapoyas
Chiclays
Cajamarca
Trujitlo
Chimbote
Tingo Maria
Pucallpa
Huanuco
Huayo
Humanga

Cuzco
Jullaca
Pung
Areguipa
Tacna

BOLLVIA

Cobiia
Riberalta
San Joaquim
Santa Ana
Rurrenabague
Trinidad

EL Alto

San Ignaciode Velasco
Concepalon
Cochabanba
Qruro

Santa €ruz
Robore

Sucre
Yaculba

PARAGUAL

Mariecal Egtigarribla
Puerte Casado
Congepeion
Asuncien
villarrica
Puerto Pres.
Pilar
Encarnacion

Franco

ARGENTINA

La Quiaca Cbs.
Rivadavia
Salte Acreo
CHILE
Santlago

3. SEASONAL ANALYSIS

Figures 2 to b show precipitation
by the mean over South America for the

1982 up to June-August 1983,

By the middle of 1982
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geviations from the mean normalized
three month periods from June-August

{June-August) global scale climatic fluctuations

were developed and anomalous positive SST began to appear over the equatorial
Eastern Pacific along the coasts of Peru and Ecuador
1983) . However the precipitation anomalies over South America (Fig. 2) did

not show yet the strong patterns which were observed six months later.

(see Arkin et,

al.,

At

this time the ancmalous warm waters were not intense enough and the weather
of the South America was influenced by both Pacific¢ and Atlantic low level
highs which were quite strong and almost over the entire continent (See
Arkin et. al., 1983). This fact could explain the presence of negative
precipitation deviation areas over Ecuador and northwestern Peru, central
South America (parts of Chile, Bolivia and Argentina), Northeast Brazil and
a positive area in central South America

Uruguay and southern Brazil).

found at mid-J983. Figs.

Further,

(northern Argentina, Paraguay,

the Aamazon region locked somewhat dry

in agreement with the divergent flow of low levels {See Arkin et. al,,1983}.
Gradually dry and wet anomalies became stronger changing to the patterns

2 and 4 already show the areas of reported strong

climati¢ anomalies characterized by devastating floods orx droughts associated
with the 1982-83 El Nino event. This was accompained by intensification of

the anomalous positive SST at equatorial Eastern Pacific and changes

atmospheric circulation.

L

in the
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Fig.2. Seasonal precipitation departures normalized by the average
for June-July-BAugust 1982. Positive areas(values great than
0,5)are stippling.

The remarkable changes in precipitation during September-November 1982
{Fig. 3) and December—February 1982-83 (Fig. 4) over Ecuador and Peru can be
seen by comparing with Fig. 2 where negative deviations were replaced by
positive ones. The corresponding SST anomalies (SSTA] maps {See Arkin et.
al,, 1983) show the spreading of positive SSTA westward from the west coast
of South America and approaching the date line., The 850 mb wind vector
anomalies {See Arkin et. al., 1983) show local changes in the atmospheric
circulation linked with the persistence of this warm water in the equatorial
Eastern Pacific, so that the Pacific high moved southward and therefore could
not influence the atmospheric circulation over Ecuador and northwestern Peru.
Thus, since this area is adjacent to the strong anonalous warm waters and
without the mechanism that can inhibit the ascending motion, convection began
to develop there. Such convective development can be confirmed by the
negative out going long wave radiation anomalies (See Arkin et, al., 1983)
and the increasing of precipitation over Ecuador from September-November 1382
(Fig. 3), with larger values during December-February 1982-83 (Fig. 4).
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Fig.3. Same as Fig. 2, except Fig. 4. Same as Fig. 2, except
for September-October for December- :
November 1982. January-February 1982-83.

The areas characterized by climatic disasters are well defined in the
last two Figs. (5 and 6). These figures show two distinct flood areas, one
over Ecuador and adjacent toastal lands of Peru and another one over southern
narts of Brazil, northern Argentina, southern Bolivia, Uruguay and Paraquay.
Very large positive precipitation deviations have been observed with values



as high as +20.0 over Guayaquil (Ecuador).

.It is interesting to note that the ancmalous dry areas were situated
over usuwal dry regions such as Northeast Brazil and the hAtacama desert.
(northern Chile and southwestern Peru).

The positive SSTA over equatorial Eastern Pacific were well developed
during the period March to August 1983 (See Arkin et., al., 1983) while the
200 mb jet stream was also very strong, It was observed that during the
1982-82 E1 Nifo the jet stream shifted eastward and northward from its
normal position and was located over South America reaching velocities as
high as 20 m s~ above normal (ECLA, 1984).

The period from May to July 1983 was also characterized by the
occurrence of blokings over South America. One of these blockings is shown
in the GOES-5 satellite IR imagery on June 12, 1983 (RKousky and Cavalcanti,
1983).

' Thus, floods on the central South America, droughts over Wortheast
Brazil and over the Atacama desert were related with both the occurrence of
blocking and the associated 200 mb jet stream split which determined the
atmospheric circulation characteristics over South America during March to
August 1983,

The intense wet area over Ecuador and northwestern Peru is related
mainly with the convective activity that occurred there and nearby regions.

MAM 1983

244 1983 |

20 204

' 30
404 F 40
@ 1 € s 40 £ : 80 70 €0 50 40 30
Fig. 5. Same as Fig.2, except for : Fig. &. Same as Pig.2, except for
March-april-May 1983. . June-July-August 1983,

4, MONTHLY ANALYSIS

More detailed analysis can be seen in the individval monthly
precipitation deviation maps (Not shown here). The anomalous precipitation
features were basically similar to those cobserved at the corresponding three
month maps. However, for May and July 1983 the anomalous values were more
prominent, specially over the central South America where a very large and
strong wet area was observed, '

5, DISCUSSION

It is hoped that a comparison between observational results with findings
from previous theoretical and diagnostic works might lead to some
. understanding of the physical mechanisms related with the El Niho phencmena.

Many GCM experiments have been conducted to investigate the atmospheric
response to tropical S5TA over the Pacific (Rowntree, 1972; Julian and
Chervin 1978; Keshavamurty, 1982; Shukla and Wallace, 1983; Fennessy et al.

" 1985). These works deal mainly with the El Nifio phenomema and theix
associated atmospheric circulation., In addition, GCM experiments based on an
equatorial Atlantic anomaly have also been done (Rowntree, 1976; Moura and
Shukla, 1581).

Julian and Chervin (1978) using the NCAR, 6-level global primitive
equation model simulated the atmospheric response to a positive SST anomaly
at the Eastern Pacific near the coast of Peru and Ecuador. The greatest value
of SST ancmaly was 59C. The distribution of 30 day average sea level pressure
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u(anomaly minus control) shows positive values over both Northeast Brazil and
Amazon and southward of this area there is a large negative anomalie.

Keshavamurty (1982) using the GFDL 9-level global spectral primitive
equation model carried out an experiment with an idealized SSTA symmetric
about the equator in which the greatest value was 39C. The 90 day (June-July-
August) average 830 mb wind anomaly shows an anticyclonic circulation over
the Bhmazon region and Wortheast Brazil and a strong cyclonic eirculation
centered approximately at (4595; 100°W).

S0, these simulation results are coherent with one another and also
agree guite well with the precipitation deviation patterns observed (Fig., 6).

Fennessy etal. (1985) ran an experiment with the NASA/GLAS 9-level
global, grid point, primitive equation model to simulate the mature phase of
the 1982-83 event. One of their experiments consists of an insertion of
observed initial condition on 16 December 1982 with the SST anomaly field on
January 1983 obtained from Climatic Analysis Center. The 60 day average
anomaly minus control precipitation differences (See Fig. 3b in Fennessy et
al., 19B85) show a good similarity with the observed precipitation deviaticns
{Fig. 5). ’

Furthermore, Fennessy and Shukla (1985} using the same model (Fennessy et
al., 1985) simulated the precipitation differences (anomaly minus control)
for each month of the 1582-83 E1 Niho {May 1982 to October 1983). A month
by month comparison of the simulation and observed precipitation deviation
fields show that for most of the cases the agreement was very good. As an
example the October 1982 c¢ase is shown in Figs. 7 and 8.

OCTOBER B2

20

40

80 €0 50 40 30
Fig.7. Monthly precipiltation Fig. B. Precipitation difference
deviations for October (anomaly minus control)
1982, . in mm day~! for October

1982, from an experiment
using the NASA/GLAS GCM

'[:Cortesy of Fennessy and
Shukla, 1985 (adapted) |

This comparison between simulated and observed fields suggests that the
occurrence of a strong ELl Nino phenomenon does affect the precipitation over
South- America mostly the way it is observed. :

Thug, regarding the use of GCM's for.a dynamical prediction of monhtly
or seasonal means (rainfall) it is clear that the general aspects of the
atmospheric circulation are well reproduced and that modelling results
present a hope for prediction.

" Finally, the observational results are discussed in the light of some
previous theoretical results.

Gill (1980) constructed a simple analytical model to investigate some
features of the tropical atmosphere response to a diabatic heating. The
symmetric heating about the eguator induces an ascending motion over the
heating area and subsidence elsewhere. The heat source also generates two
low level cyclones northwest and southwest of the forcing region. Hoskins
and HXaroly (1281) used a linearized stecady-state five layer baroclinic model
to study the response of a spherical atmosphere to thermal and orographic



forcing., They found that on the upper troposphere the low latitude heat
source generates wavetrains with long wavelengths propagating polewards and
eastwards. They also found upward motion over the forcing area.

o, floods over Peru and Ecuador and drought over Amazon region and
Northeast Brazil seem to be associated with a Walker type circulation with
upward motion at the heating area and descending motion east of this forcing
region (Kousky et al., 1984), Further, the anomalous wet regicn in Peru and
Ecuador, the dry region on the Atacama desert and wet region in central South
‘America are crientated in a southeast direction. Thus, these precipitation
anomalies could be linked with the upper tropospheric wavetrains which are
generated by the low latitude heat source in a way. similar to the theoretical
results of Hoskins and Karoly (1981), applied to southern hemisphere. In this
case the wet and dry regions could be associated with upper level patterns
on which there are alternating highs and lows in a southeast orientation.

. During May-July 1983 the intense floods reported over scuthern Brazil,
southern Bolivia, northern Argentina; Uruguay and Paraguay were caused by
some frontal systems and cloud clusters which remained quasi~-stationary due
to an atmospheric blocking (Nobre and Rennd, 1985; Kousky and Cavalcanti,
1983} . These authors suggest that the occurrence of blocking can be related
with the strong jet stream located in ‘that region., However, it is possible
that the blocking can also be related with the upper level disturbances as
those described by Hoskins and Karoly (1981} which are generated by the
strong SSTA over Eastern Pacific.

6. CONCLUSIONS

During the 1982-83 El Niho event remarkable precipitation anomalies have
been reported all over South America. Ecuador and northwestern Peru were
affected by severe floods; over the Amazon region, Northeast Brazil,northern
Chile and southwestern Peru negative precipitation deviations were observed,
while over southern Brazil, northern Argentina, southern Bolivia, Urugquay and
Paraguay positive precipitation deviation were noted.

The general aspects of the atmospheric circulation associated with the
strong warming observed over Eastern Pacific during 1982-83 have been well
reproduced by GCM simulations (Julian and Chervin, 1978; Keshavamurty,

1982: Fennessy et al., 1985). GCM simulations of menthly or seasonal means
show considerable agreement with observations. .

Further, some previcus theoretical results suggest that the precipitation
anomalies observed over South America during 1982-83 could be explained as
the atmospheric response to an Eastern Pacific heat source. A Walker type
circulation could explain the floods observed over Peru and Ecuador and also
the negative precipitation deviations verified over the Amazon and Northeast
Brazil,

The anomalous wet area in Ecuador and Peru, the stronger droughts in the
Atacama desert and the very wet areas over southern Brazil and adjacent
regions show a southeast orientation suggesting a possible existence of an
upper tropospheric wavetrain generated by the low latitude heat source
(Hoskins and Karoly, 1981}.

The occurrence of blockings during May-July 1983, which were related
with floods in southern Brazil and adjacents areas, the strong jet stream
which organized the convective activity (Kousky and Cavalcanti, 1983} and
the upper level disturbances generated by heating over the Eastern Pacific
which propagated southeastward probably are several closely connected
parts caused by physical mechanisms that form a complex chain of events
related with atmospheric - oceanic circulations during a El Nifio episcde,
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