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Abstract

The relationship between rainfall anomalies in Uruguay and Southern Brazil (LIY-RS) and sea surface temperature
(55T) anomalies in Pacific and Atlantic Ccoean is investigated by means of Canonical Correlation Analysis (CTA) It
was found in previous studies that ranfall anomalies in this regien are likely 1o be influeneced by 35T ancrmalies in the
FPacific (ENSO phenomenon), In this study was confirmed that rasnfall anomalies in the Uruguay-Southern Brazil region
arginfluenced by Pacific 35T, but alsa by other regions as SCPZ and the region which is covered by the lgh
pressures in southern-eastern Pacific. it was found that Atlantic 55T vartability also has a nonnegligible impact on the
precipitation anaomaligs in them region

1. Introduction

Some previous studies have pointed out the influence of the El Ming!/Southern Osaillation (ENSC) phenomenon in the
Pacific Ocean on the precipitation anomalies In the Southern Brazil - Uruguay Regian {hereafter UY-RS) in some
seasans of the year [Aceitung, 1988, Kousky and Ropelewskl, 1988, Lau and Sheu, 1988, Ropélewski and Halper,
1987 and 1989, Rao and Hada, 1990, Pisciottane et al . 1993) On the ather hand, in spite of there mat being any
studies on the influence of the Atlantic ccean, the role played by the South Atlantic Convergence Zene (SACZ) and
frontal systems owver the region should not be underestimated  Also, it has to be taken into account that the water
vapar sources for this region are the South Allantic Dcean and the mgisture from tropical South Amernica and that the
region s directly affected by the South Allantic cyclonic circulation The sea surface temperature is 2 forcing factor of
these atmosphernc features

In this study the influence of Atlantie and Pacific Ocean S5T an precipitabions of the UY-RS region 15 studed by
means of Canonical Correlation Analysis (CCA)

2. Methodology and data

CCA s used here to study the relationship between S5T anomalies (predictor) and rainfall anomalies {predictand), both
as a diagnostic ool CCA sz genaralization of multiple regression analysis It is a least-sguares statistical method for
ENBlyiig I5S-COY sy 1 g P YL —
jeither confemporanecusly of with a lag) and the degrees! connection between both

The 35T data were oblained fror GOGA dataset which has a grid of 7 & degrees in longitude and 4 5 in latitude The
25 N - 42 30" 5 band for Pacific and Atlantic were selected as prediclor areas. comprising 132 grids points for the
Atlantic and 314 for the Pacific Monthly rainrfall data from 40 stations in UY-RS {19 in Uruguay and 21 in Brazil) wera
considered. as predictand  The data were Kindly given by Direccion MNacicnal de Metearslogia (Uruguay) and Instituto
Macignal de Pesquisas Agronemicas do Rio Grande do Sul {(IPASREG) and Institute Nacional de Metearolagia (INMET)

I The simultanecus relationship between bothe fiefds were considered for each season (November-February, October-
December and April-July (Sfudzinski ard Diaz, 1894)) taking in each case as a predictor either Allantic ocean, ar the
Facific peean or the combination of both A description of the methed and calculations s given in Barnett and
Presendarfer (1887) and. an alternative and similar one in Graham (12290}

Far each field an EQF prefiltering o5 performed. The analysis continues with the principal companent time serigs (PC)
of the ECF retained modes: Each PC ineach field is narmalized 1t s intended to find a pair ef ime series. u on the
side of predictor side and v on the predictand; which are inear combinations of thelr respective normalized PC.such
that their correlation £ maximum in absclute value, that i1s

[Cor (uw) = max

The g-maps and h-maps {ane for each mode) are called canomcal patterns or cangnical maps and they are of
paramount importance because the correlations, ifsignificant. show the most releévant patterns of vanabiliy together in
time e, aither with ar withou time-lag) for both fields
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sthe SACZ Gnmm and Silva Dias (1923) suggest that teleconnection between this zane and ENSO during ausiral
cummer, 1S actually indirect, through the ENSC impact on the position of SPCZ. During warm evenls the anomalous

warmer SST in the ENSO region and Morthern Pacific and colder in the Eastern Pacific high pressure region it would

i 3{: QOctober -December

Fol

3 Discussion
3.a. November- February

The canonical patterns far Pacific alone and Allantic alene as prediclors are very similar to both oceans together as
radictors. They show in the Pacific ocean [ Figure 1) the ENSO region and the SPCZ as significant regions and in the
atlantic the South Atlantic Convergence Zane (SACZ). The pattern directly linked to the rainfall anomalies seems to be

"éﬂhancement of convection in the Cenftral Equatorial Pacific in the Northern Hemisphere and the subsidence in the
subtropical Central/Eastern Pacific are the causes for the eastward migration of the SPCZ and consequently enhanced
convection at the SACZ and North Atlantic (Lau and Chan,1983). The sensitivity of the SACZ to the position and
shape of the anamalous divergence in the SPCZ is shown in Grimm and Silva Dias {1893) When the SPCZ is closer
to its climatological position the convection in the SACZ is weaker. Casanin and Kousky (1986) in a composite analysis
of atmospheric circulation during events of rainfall anomalies in Southern Brazil suggest that the anomalous eastward

asition of the SPCZ duning EMSO is a cause of the convection over SACZ. The others significant spots found in the
,p;tlantic case (| Figure 2) need to he subject of further investigation.

ek

3.b. April-July

The analysis of the canonical patterns of Pacific and Atlantic together as prediciors are not easily interpretated because
there are very small and scattered significant spots in the Atlantic’ For Pacific the pattern indicates that with warmer
55T in the Trapical Pacific the Walker Cell is weaker, as a consequence more uniform 35Ts would appear in the
Equatorial Pacific and a stronger Hadley Cell 15 established, This circulation creates stronger et stream in both
hemispheras with the strongest in the winter season  Ropelewskl and Kousky (1988) found that during warm events
the subtropical jet stream shows a extension to the east through the Atlantic (western sector), especially during

auturmnn, winter and the beginning of spring. Surrounding the jet the trontal activity and cyclones are stronger

Looking at the relationship found in the canonical map for Pacific alone as a predictor and UY-RS it 1s shown that for

be expected 2 negative rainfall ancmaly in UY-R35. The explanation for this feature could be that with the high pressure
localized near the west coast of South America (indicated by the colder 58Ts) doing a blocking the frantal systems do
not reach the UY-RS region  The significant region in the UY-RS indicates that to analize the impact of Pacific 55T
anomalies in the rainfall anomalies during April -Julyl it is necessary to look at regions northward of UY-RS

In the case of Atlantic canonical maps the relationship of warmer SS8Ts in the significant region related to positive
rainfall anomalies is coherent, The region in the ocean seems to be associated to the cyclonic circulation mentioned
‘above. '

'The canomncal Maps or both gceans as PreqiCiorns Neave SNovwes & wedas sighal in ine ALidnilic @ana a dipoig l}'pb 1 e
Equaterial Pacific. For Pacific alone the ENSO region, the SPCZ and the Pacific high region appear as the most
significant regions. During positive phase of 501 (with stronger Walker circulation) the SPCZ moves westward fromits
climatological position. As mentioned above as the convection in the SACZ is related to the position of the SPCZ, this
tends to be inhibited I : h

4. Conclusions Gy T
It is confirmed that rainfall anomalies in the region are influenced by Pacific 88T, in particular by.ENSD, but also by

other regions as SPCZ and the region which is covered by the high pressures in south-gastern Pacific.

Itis found that Attantic SST variability also has a nonnegligible impact an the precipitation anomalies in the region
Taking into account the proximity of the Atlantic Ocean to UY_RS it is not yet clear whether some (or allj)of the shown
Atlantic SST patterns correspand to a global or a regional feature.

Another questions which also have to be answered are: 'How much of the rainfall vanability in UY-RS is a response to
Pacific SST variability and how much is due to Atlantic? and linked to this, 'How independent are the Atiantic and
Pacific $37 variabilities

5. - References

ﬁ:ﬁéituna, F. On the Functioning of the Southern Oscillation in the South American Sector Part || Surface Climate.
Monthly Weather Review, 116.505-524, 1688 :

Barnelt, T P., Preisendorfer, R. Crigins and Levels of Monthly and Seasonal Forecast Skill for United States. Surface

Alr Temperatures Determined by Canonical Correlation Analysis. Monthly Weather Review, 115(091825-1850
19a7




Barnston, &G, Ropelewskl, © Prediction of ENSO Episodss Using Canomical Correlation Analysis Journal of
Climate 5(11)1316-1345, 1882

Casarin, P, Kousky V. E Precipitation Anomalies in the Southern Part of Brazil and Variations of the Atmosphefic
Circulation Revista Brasileira de Meteorologia, 183- 90, 186

Graham . N.E Canonical Correlation Analysis: WMO Technical Note on Climate diagnostics, 19930 | in revision
Samm, & M, Silva Dia L. Rotational Response o Tropical Divergent Forcing Part Il Appheation of Influence
Functions to theinterannual and Intreseasonal vanability Submitted to Journal of the Atm. Sciences. February 1583
rousky, V. E | Ropslewski ©F Extremes in the Southern Oscillation and their Relationship to Precipitation Anomalies
with Emphasis on the South American Region Revista Brasileira de Meteorologia, 4:351-363, 1589

Lau, N..Chan P H. Short-Term Climate Varability and Atmosphenc Response to Observed Cutgoing Longwave
Radiation Par || Simultanegus Relationship Journal of Atmespheric Sciences, 40:2735-2750 1583

Lau, KM, Sheu, P.J. Annual Cycle Quase-Biennial Oscillation, and Seuthern Oscillation in Global Precipitation
Journal of Geophysical Research, 53(5) 1087 5-10888

Rao, VWV B | Hada K Characteristics of rainfall over Brazil Annusl variations and connechions with the Southern Ei
Oscillation. Theoretical and Applied Climatelogy, 42°81-81, 1980

Ropelewski, C.F , Halperl M'S Global and Regional Scale Precipitation Patterns Associated with the E|
Mimo/Southern Oscillation. Monthly Weather Review 1151606-1626 1087

LAt

Carr: S5T Anom, 1st Canonicaol

TLOE
e

LAT|
7

3357 ¢ {2 Zid A=t 2 i I 2
4054 i “l,__“g__'_ i u J11:] i3 Ty
10:2E 120E (L VGOE VED TEdw TADA 120 O HL] O 41w

. LONGI TUDE

it Brmnaesl Mook il bt | NG FES (Facdes

3 v Sviee

AT I TuDE

“ LOHG! TUBE “ o 2y —

Fig. 1 - Canonical maps and time series for Nov-Feb season with Pacific as predictor. First canonical
modes: a) canonical pattern (gl ) for Pacifi; b) Canonical pattern (h1) for predictand side (RS-UY ),
¢) First canonical mode ul, v1. Shaded areas reprsent regions at 5% significant
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Fig 2 - Canonical maps and time series for Nov-Feb with Atlantic as predictor a) First canonical
pattern (gl) for Atlantic: b) First canonical pattern (h1) for the predictand side (UY-RS) ¢) First
canomical mode ul vl Shaded areas represent regions at 5 % significant
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