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Ot THE INFLUENGES OF THE EL NINO, LA NINA AND ATLANTIC DIPOLE
PATTERN ON THE AMAZONIAN RAINFALL DURING 1960-1998
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Gilberto FISCH, Carlos NOBRE, Mary T. KAYANO

i. INTRODUCTION

Most of the snnuad totad ramdall over the Amadon
vecurs during the austmt summer (December (0 Februiny)
and autumn (Muwch to May) months, The swiiumer rainfall
aceounts tor the highest percentages of the annuat tolal with
the largest values increasing from the worthern sector
wwards the central and southermn seclors. The aulumn
shows an inverse pattern, 1.e., with the highest percentages
sanging [rom 40% o 8% in the norhern secior
{particularty the oriental Ameizon) and the lowest values
spanning lrom 29% o 27% in e sovthwrn scelon. The
sirong seasonal superliciksl heating during e austral
supmer and aulumn causes deep sopveclion and defines
the Amazon rainy period. Some of these systems are mainly
related Lo the seasonal cycle ol the atmospheric circulalion,
such as the Bolivian opper-trepospheric high and e
Tnterttopicat Convergence Zone {(1TCY). witch migraies
southward during the austral suminer and autiumm inducing
widespread  precipilation mainly in the  center-eastern
Amazon by the end of the simnmer and beginning ol the
aolionny  (Nobre and  Shukla, 19963 The cold [onts
originating in the austuul extatropics may alsu affect he
convection in the Amazon. 1In addition, squall lines trgged
by sea breeres along the castern coast which moving inte
the veniraf Awazon intensify the convection over the
Amazon (Fisch et al, t998). Tu the presemt work
precipilation dats  over Llhe Amazon and of topigal S8T
data are used lo investigate the relationship between
ropical 38T variations and anomalous rainfail distribuiion
over (he Anazon, in purticular during (he austeal sunmer
and autumn seasons.

2. DATA AND METHODOLOGY

The data used consist ol monl.dy precipilation reeords
for the period 1960-19Y98 for 82 raingauge stalions in the
Amazon oblained Jrom  the Instituto  MNacional de
Meteorologia (INMET) of Drazil. Due 0 a poor coverage
of raingauge stafions in the cenuad and northem AmaZzon
sectors the data are interpolated inlo a regular grid of 0.25¢
latitude and longitude reselution using the Kriging meilhod
Monthly 88T dala are obtained Mrom bwo dstasets.  The
SS8T data [or e peried 1960-1993 we extcted Trom the
version  compiled by Du Silve et ol
Comprehensive Ocean-Atinosphere Dala Set {COADS)
which contains monthly global fields in a grid of 1° latitude
and longitude resolution. The 88T data for the peried
1994-199% are obtained {rom the monthiy global {ields with
hotizontal resolwion of 1° in lstimde and longilude
routinely made available al the National Ceniers (or
Environmnental Prediction. As reconunended by ‘Trenberth
(1997), £t Nifto {La Nifa} years ave delined as those with
occwtences of monlhly 88T anomalies avaeraged in the
NTNO3 area (5° N - 5° § and 145° W - 50° W) 2 +0.5°C
{2-N.3°C) conseclively on Oclober, Noevember  and
December. For the sclection of dipole years monthiy SST
anomalics arc averaged in lwo arcas, one in Lthe North
Atlantic  dimited  at 5°N, 25°N, 50°W and 20°W und
auother in the South Aflantic hmited al 3°5, 25°58, J0°W
wnd the Greenwich menidian.
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fhe wam dipole years are deéfined as those with
simyllancous ocewrences of monthly 3571 anomalies
2+).2°C over the North Atlantic area and inonthly 88T
anomalies =-02°C over the South  Allanlic  area,
consceitively on March, Aprit and May (period with a
beller definition of (he dipole pallern mode), inverse Lo the
cold dipole years. Table 1 is derived from Figwe | amd
displays the years inchuded in the period 1960-1998 with
oceurrences of £f Mifie. Lo Miffa, warm and cold dipoles in
the Atiantic, The years listed in Table 1 are then used as Lhe
basis to compuie the Amazon precipitation composites lo1
the mustral swnmer and aatuma seasons.  Vor the austral
summer composites and tor ENSO cases, Devember is
tahen on the onset year of £ Mijic (or La Nifia), and [or the
dipole cases, it is taken on Lhe previous year ol the onse! of
warm (or ¢ 033) dipole.

Table 1. Years of the occunrences of £ Mifio, La Nifla
events and wam and cold dipole in the tropical
___Adlantic during the period irom 1960 to 1998,

[ ~ N ]
Phenomenon: | KL NIVO | LININA | WARM | COLD
DIPOLE | DIPOLE
Years of 163, 63,68,|61, 64, 67,| 66,70, |64,65, 71,
ocedrrence: |69, 72, 76,|70. 74, 73,| 78,79, |72,73, M,
79, 82, 86,75, 84, 85,} 80, 81, 77,85, 86,
87,94, 94| 88,95 02,97 89.94
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Figure 1 - Time series of the wonthly 38T anomalies {°C)
averaged in e arcas of the (a) NINO3 and ¢b) Norlh
Allantic (solid line) and Svuth Atlantic (thin line). The
values from June to December wre plotted for NiNO3, and
the valees from January 1o June are piolted for North and
Spuih Atlantic arcas,

3. RESULTS

Figure 2 shows the auslral summer and autumn
composites ol precipitation anvmalics (nunAnontls) for the
El Nito yeurs.  The pasitive {negalive) anomalies indicale
precipilation above {below) the climatological values for
each season. Kl Nifio events affect more strongly the
summer precipitation than ihe witumn procipitation i the
Amazen,  Indeed, most ol the Amaron  expericnces
debicient  precipilation  during  summer  with  negative
anomalies in almost the whole ares and vahues lower than -
S0 aabmonddi 1 s coiliai wnd ntstien pagts I
sensons, postive anenalics ane lonad over the seutheasiem



Amazon (Mato (rosso and lovantinsy 1t is worthwhile to
mention lhe oceurrence  of  posilive momalics  over
northeastem Uma centered pewr Altamira area during
autumn.  This might be related 10 the action of meso-scale
systems, such as squall lines along Lhe eastern coast of the
Amnazon.
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Figure 2 - Composiles of previpilalion anomalics over
Amazon lor I Nifo years for: () austra! summer and (b)
ausiral awbamn,

Composites of the precipilation anomalies considering
only (he years with the ccourrences of I AMifo and wann
dipole in the lollowing year (1965, 1969, 1979 and 1951}
ate performed and displayed in Figure 3. It is worthwhile 10
recall that the selection of an Ef Miffo yoer refers to austral
summer SST dala, while the seleciion of a warm dipole
year relers 1o autmm SST dala. Once an FE! Nifo is
established by the summer of a year it would coentinue
throughout the autunwn of the lollowing year.
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Figure 3 - As in Fig. 2 but for yems {1963, 1969, 1979 and
1991) of simullancous accurrences of £l Mifio evenls and
wanm dipole.

Comparisons of Figires 2 and 3 show hat the B Nifo
and warm dipole have a slronger combined effect in
reducing precipitation over Lhe center-norihemn and western
Amazon and in incieasing precipilation in the eustern
Amazon during austral summer than (he two events acling
individually. In loct, the lowest negalive values over
center-nothern  Amazon are  -50  mm/month, 30
mmanonth and 100 movmonth. Fhis resull reveals also o
relatively weak efTect of the £f Mijio o the suturn rainfall
in the Amazon region.

4. CONCLUSIONS AND SUGGESTIONS

The combined eflect of £l Mo and wann dipole in
the Atlantic has been analyzed. For summer, tnese two
climatic modes have a sironger combined effect in reducing
the precipitation over center-norihem and western Amazon
and in increasing precipitalion over easiern Am:azon than
each mode acting individually. Otherwise, (e deficient
autumn precipilation over the Amazon is rather due o the
warm dipole Lhan due o the £f Nifo episode. The results
above suggest thal the elfects ol £f Mifio, La Mifla, warm
dipole and cold dipoles in the Atlantic as reflected in the
anomalous rainfall distribution over the Amazon ventain a
seasonal component defined by the regional almospheric
circulation, which in tima relates o the seasonal variations
of the 1Eadley and Walker Cells. This aspect seems to be a
relevant factor in climale monitoring lasks.
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