
humIchty caused a decrease In the Isotople fractionaUon and In the leaf water 180 
content. and consequently. also In Lhe organic matter 180 content. Thus, 
information related to Lhe past alr humiclity can be obtatned from vartations of ' 80 

organIe contents. 

For lhe Amazon trees. our analysts are suggesUng Lhe exIstence of three periods 
of higher air hunddity since 1700 (Fig. 1). For example. the air relatIve humldity 
would have been. In 1700. 10% higher than today (Moreira. 1980). 

Therefore. with a better knowledge of lhe stens that can cause fracUonation 
durtng1sotopc absorptIon, it will be possible to know the past climatic condlUons. 
when no human influence occurred. 
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INFLUENCE OF SOUTH:ERN OSCILLATION (EL NIRO) 
ON ATMOSPHERIC CIRCULATION AND 
PRECIP1TATION OVER BRAZIL 

MÁ. Gari 
Institutos de Pesquisas Espaciais, CNPq. São José dos Campos. SP 

Introduction 

Persistent anomalies of lhe general circulaUon of lhe atrnosphere may result in 
drought in one region and excessive rainfall In another. A better understanding 
of lhe physteal mechanisms goveming these anomalies offer condlUons for 
meteorologista to know in advanee lhe reglons that will be affected by drought or 
wIll have excessive rainfall. 

lhe most well knovm climatic anomaly is lhe negative (or warm) Phase of 
southem oscillation or EL NINO phenomenon. In this paper. we will deserlbe lhe 
EL NINO- southern oscillation tENSOI- 

Southern oscillation 

Early In Lhe century. the presence of a pressure seesaw pattern between Buenos 
Aires. Argentina. and Sydney. Australla. was observed. When the pressure rises 
In Buenos Aires ii drops In Sydney and vice-versa (Rasmusson and Carpenter. 
1982). Walker (1924 and 1928) and Walker and Bltss (1932) studied this 
phenomenon and nasned it Lhe Southern Oscillation (S0). Walker and BlIss 
(1932) noted that Lhe pressurc was high over lhe South Pacific and tended to be 
low over the eastem Indian Ocean and In lhe lndonesia region. with greater than 
normal precipitation In thls arca. Pressure time series of stations In Tah1U, South 
Pacific and Darwm. and Australia show a Iiigh negaUve correlaUon between these 
stations (Figure 1). 

The intensity and phase of thls oscillation is measured by an 1ndex. This index 
Is cornputed by Wang lhe difference of Lhe pressure or lis deviation from lhe 
mean between lhe two staUoris whtch represent lhe (wo centers of Lhe SO action. 
normally being the Tahiti and Darwin statrons. The positive value of the sou tirem 
oscillaUon indexIS01) that corresponds to Lhe positive. ar cold phase. Is cornou tcd 
when both Lhe indonesia low pressure system and lhe ea stern Pacific subtropical 
Wel are strongcr than normal. When these systems are weaker than normal lhe 
value of SO1 is negaUve and the phase is negative or warin. 
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Figure 1 

Dunng the cold phase of SO lhe strong horizontal pressure gradient between 
indonesia and Central Pacific permits the intensification of the easterfies and 
wind convergence in lower leveis. This induces a hIgh Indeic of precipitation over 
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indonesia. Dunng thls phase. western ocean currents and lhe equatorial 
upwellIng are stronger than normal and lhe waters are colder than lhe meara over 
central Pacific. Besides. durIng lhe warm phase there Is a decrease of lhe 
horizontal pressurc gradIent between lhe two centers of acUon. lienceforth. In the 
Indonesta regIon lhe vades. lhe wind convergence in low leveis and lhe convectIve 
actIvity weakens and consequently lhe condi tions are favorable for lhe occurrence 
of wanner waters than normal In Lhe eastern Pacific. 

Tmup 119651 suggested that Lhe variation of Lhe southeast trades and Lhe sea 
surface temperature ISST) have Irraportant effects In direct circulation between 
western and eastem hemtspheres. Bierkenes 119691 named it lhe Walker 
circulabon. 

El Nino phenomenon 

El Nino Is Lhe event of warrnIng of lhe surface waters of lhe tropical eastem 
Pacific Ocean during lhe sumrner Ume of lhe Southenn I femIsphere. The 
appearance of warrn waters Is related with lhe weakentng of lhe equatorial 
easterly winds In lhe Pacific. 

In some years. when lhe 50 is In negaUve phase ao excessive wanning In Lhe 
tropical eastem Pacific surface waters Is observed and lhe postUve anomalles of 
Lhe SS-1-  remam n for severa' months. At present. Lhe name El Nino Is given to a 
warrning anomalous of lhe tropical eastern Pacific Ocean (Rasmusson and 
1983). 

lhe fonnaUon of lhe El Nino event Is connected with lhe weakentng of Lhe 
southeast trade vánds that cause a slow flux of Lhe Peru current. As lhe rate of 
surface heating does not decrease surface waters become warmer. Further lhe 
warming of lhe wind reduces lhe coastal and equator upwelling and as such 
diminishes Lhe transporto! cold water. Carie (1983) and Kousky and Ropelewski 
(1989) thoroughly describe lhe previous history of lhe El Nino phenomenon. some 
main characterisucs are presented henceforth. 

BuIld-up phase 

During Lhe penod preceding lhe wann episode. trades stronger than normal are 
observed over lhe westem equatorial Pacific for several moneis. This event moves 
lhe Pacific waters from east to west. and consequently lhe sca levei becomes 
higher Ihan normal in Lhe western sector. At Lhe same time, lhe thermocline iii 

Lhe western sitie beco:nes decper than it's mean position. The SST is a few 
degrees warmer tha.n normal (ar to the west and a few degrees colder to lhe east 
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of 160E. Enhanced convection Is observed over Lhe region with warrner waters. 
while Lhe convection is suppressed over the relatively cold waters. This implies 
lhe eidstence of a direct thermal and east-west circulation cell (walker's 

circulation). 

Onset phase  

During Lhe bulld up phase. there Is an Increase and an expansion in lhe reservo& 
of warrn waters and In convecUon In Lhe western Pacific. In this phase the low 

levei trz.des over lhe :vestem equatorial Pacific weakens. Once Lhe warm waters 
shift to east and cross Lhe date Une dunng Lhe period from July to November. 
strong and persistent convective acuvities occur In lhe central and eastern Pacific 

region. marking Lhe beginning of Lhe matute ENSO phase. 

Mature phase  

This phase occurs during lhe Southern Hemisphere surnmer due to Lhe fact that 

Lhe equatorial ssrs tn Lhe central and eastem Pacific are ficar theIr maximum 
values. lhe extensive area of SST above normal In Lhe equatorial Pacific 
contributes to an increase In lhe tropospheric heating In Lhe tropical Pacific. 
Henceforth. Lhe east-west thermal contrast diminishes and Lhe Walker circulation 
weakens but lhe north - south thermal gradient ralses and lhe Hadley chrulation 
(circulation with ascendent movement In Lhe tropical region and subsidence over 
Lhe subtropical sector) is interistfied. Durirtg Lhe mature phase the subtropical 
jet stream becomes stronger then normal over lhe Pacific. 

A readjustment occurs In Lhe upper ocean structure. The oceanic thermoch.ne 
that was shallow In Lhe easí and deep In Lhe west during Lhe build up phase 
changes to become deeper than normal in Lhe east and shallower than normal in 

Lhe west. 

In this phase as well as on the onset phase warrner waters than normal appear 
along Lhe equatorial west coast of South America. This is called Lhe El Nifio 

phenomenon. 

Beca Dhase  

During this phase there is a rapid retum to normal conditions. It begins when 
lhe equatorial trades over Lhe central Pacific are near thelr peak In the& seasonal 
cycle (January) and there Is a raptei decrease In Lhe extent and magnitude of 
positive SST anomalies In Lhe equatorial Pacific. 

Effeet of ENSO ou Lhe precipitation over South America 

The ENSO event of 1982-83 was well largely studied because it was intense. 

Kousky et ui 11984) studied Lhe eifect of E'l Nino on Lhe precipItatIon over 13razIl 
and concluded that there was drought In lhe Northeast and Amazon region and 
intense rainfall over Lhe southern region. 

lhe table I shows the normal mean animal precIpltation compared to the 

precipitation of 1983 for Lhe same station ot southern and southeastem region et 
Bra:d!, h Is evtdent that Lhe prectpitabon duringJuly was lar ger than Lhe normal 
mean of Aptil - July. Through sateillie unages Kousky and CavalcanU (1984) 
observed that Lhe abnormal precipitauon over south Brasil In 1983 was 
associated to frontal systems that penetrated into this region for a longer perted 

of Ume with a great convective actIvity. During fali and ~ter this system 

extended from south of Lhe continent and moved fast towards north arid east 
reaching the subtropical jet latitude. 

Recent studies of Ropelewskl and Halpert 11987. 1989) have shown the relaUon 
of lhe two phases of SO and Lhe precipitation over many regtons of Lhe globe. For 
South America they idenlliled three regimes of precipitation (Fig. 2): 

westem coas( region: 
northeastern sector. including Venezuela. Guyana. Surinam. Freneh 
Guiana and the near equatorial regions of Brazil: 

Figure 2 
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southeastern sector formed by southern 3razfl. Oruguayvid patis 
of northern Argentina- 

In El Nitlo yearp the following preclpitatton regimes were obsei•ed in diese reglons 
iltopclewski nd kfalput. 1987 and 19891: 

in t•e norma1 arld ~stern coast regton heavy mins orcurred: 
rn the northeastern reglon. of te 18 El Ntrio events 17 1w-te 
as.sortated with dry condittons durtng lhe peno(' from July tonset 
phase) through Ma.rch_ Of titc 11 chiem month,s In march. nine were 
assoetaled ~h El Nino cent. 
For tlte southeastent sector 15 of the 17 El Nifio eyents. were 
assoctated with iram above normal doring the periocl from November 
through February. Of the 10 wettest perimis from Nov-Feb. 7 were 
assoc.iated with El Nino- 

porow the posítive or coid pbase of 50 the precipitation anontalies lend to 
1x-have, opposite to the warm pbase ffabte 21- Forthertnore. 01 the 1 7  co1d 
eplsodes. 13 wert associated with ver:0(M~ *boxe normal durtng the ertod 
from ,June thsough Mare.b n northeast of South America. hl the- southeastern 
re0.tinl they observed that of the 20 cold eptsodes. 17 were dry and 2 of Lhe 3 
drirsi years were assoclated with cold phase caí St). 

Table 1 Norma) mear/ 
ot soutliern 
Kousky and 
Marrh 104.33 

si. 151L14 11:547 

rainfall and precipttatinn 
and southeastern 

Cavaleant.1 k1984), ../F141= 
sum of April. May, 

Camila. 1116 	C'' 

In 1983 for the 
regions of Branf. 	Adapted 

sum of danuary. 
June, ia Juty –_-_–...----_—___ 

same station 
from 

February, 4( 

(44no 814034 IX% 

130 
mu". Ilor14~4484 45[3 

1963 $4,-..4 
—, 

492Q 80~42 
.— 

1983 Noonal 14783 8~.41 4 983 

038 396 147 700 120 Se J44,1408 2311 239 U3 A 7 1 

8~69 721 378 i 75 71 130 704 184 237 164 458 

54.4,N4 1.73 178 !25 108 1 25 I 50 141 153 Xe 464 

814.48 81 lei 78 148 158 100 132 I $8 4433 04 

54Sau 54 14 / 45 33 I 125 )83 MT 205 1 4 41 a 

Junho Ti ni its n? 1.15 187 7M 177 t3 100 

.444014 43 42 62 765 1144 716 74 314 1271  21 

JP■4 e511 ■31113 498 433 412 573 4>e 663 313 411 

~Ai 233 555 
- 

973 550 1445 .03 1014 
-. 

483 
---,..... 

Sift 
.. 

Table 2 	Fitstorical sumrstary of Lhe Sou Mero OselflatJon rdated precipttatten 
anomalies. The "O" represents the eptsode yeas and 	the year 

foliowtog, From Kousky a.nd Ropelewski 119891. 

8,31M1F-ASIEP74 10X•1014 

9,517/4 4.431.13 

~08 F.4"65431)7:3 ;5751,5041 £7150()L23 

2CY1AL ORY TOTAL Wk.."T 001,  

41J1701 148.30-,1 )$ 1 17 "Mn 44~41 13 

546111{~1131 831011341 

WAtt,44 COID 

5t45CM 6.813470?-34 504014 731:5130L5 

TOTAL 1413 Oter 742T81, WET 1/147 

14044/34 861147 12 ,1146811,06'4347 20 3 ,7 
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