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1. Introduction

Most of the annual total rainfall observed over the South
America usually occurs during the austral summer (December to
February - DJF) and autumn (March to May - MAM) months. The
large and synoptic meteorological systems that modulate the
rainfall in this period are related to the South Atlantic Convergence
Zone - SACZ (e.g., Nogués-Paegle and Mo, 1997), Bolivian High
and the upper tropospheric cyclonic vortices (e.g., Kayano et al.,
1997). During MAM, the Inter Tropical Convergence Zone - ITCZ
(e.g. Souza et al., 1998b) also plays an important role in
modulating the rainfall. It is well known nowadays that ENSO (El
Nifio/Southem Oscillation) deflagrates changes in the general
circulation of the atmosphere, resulting in climatic impacts in
several continental areas located in the tropics and extratropics.
These changes are basically related to the weakness,
intensification and/or displacements of the large-scale
atmospheric circulation in the meridional and zonal planes, mainly
those linked to the Hadley and Walker circulations (Kidson, 1975;
Kousky et al., 1984). The main goal of this study is to analyse the
changes in the Hadley and Walker cells and their respective
impacts on the South American rainfall during the ENSO episodes
observed in the decades of 1970s, 1980s and 1990s. Following
the same procedure as in Souza and Ambrizzi (2002a), cross-
sections analyses of the atmospheric circulation in altitude,
averaged in the zonal and meridional planes will be investigated.

2. Data and Analysis Procedure

The dataset used in this work for the 1970-1999 period
consist of: (a) global grid data of zonal, meridional and vertical
components of the wind vector in the pressure levels of 1000, 925,
850, 700, 600, 500, 400, 300, 250, 200, 150 and 100 hPa
obtained from the National Centers for Environmental
Prediction/National Center for Atmospheric Research -
NCEP/NCAR reanalysis project (Kalnay et al., 1996); (b) global
grid SST reconstructed Reynolds EOFs obtained from the
optimum interpolation analyses of Reynolds and Smith (1994);
and (c) the 50-years gauge precipitation dataset compiled by
Chen et al. (2002), who put together a large number of monthly
precipitation on a 2.5° latitude/longitude grid over the global land
areas for the 1948-2000 period.

The seasonal climatology was based on the 29 years
reanalysis data. A composite of ENSO events for each decade
and season was made. The summer and autumn austral ENSO
episodes were selected based on the CPC-NCEP-NOAA
classification. The warm events chosen are: 1973, 1977, 1978,
1980, 1983, 1987, 1991, 1992, 1993, 1995, 1998; and for the cold
events we have: 1971, 1974, 1975, 1976, 1984, 1985, 1989,
1996, 1999.

The large-scale atmospheric circulation pattems related
to the Hadley and Walker cells were investigated, with emphasis
to the Pacific, South America and Atlantic domain through the
plotting and analyses of the vertical cross-sections of the upper
atmospheric  circulation  (zonal, meridional and vertical
components of the wind vector) and specific humidity from 1000
up to 200 hPa levels during DJF and MAM seasons. For brevity
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we will only be showing the EI Nifio circulation anomalies for the
1990s decade (Fig.1). The complete analysis will be presented in
a companion paper later on.

3. Results and Final Comments

In comparison to the other decades, the 90s can be
considered as having a “typical” atmospheric circulation and
precipitation anomalies pattem. A large upward vertical motion
going from lower to the upper levels is observed on the equatorial
region around 150°W and a maximum of the descending motion
is seen around 50°W during DJF. In the next season (MAM),
ascend motion seems spread over the equator and the
subsidence is weaker over the Northeast Brazil. As a
consequence of this anomalous Walker circulation, rainfall deficits
are observed in the north of South America. The Hadley
circulation anomalies show weak ascending motion between
10°N and Equator and around 35°S during DJF. The overall
downward motion pattem has decreased during the autumn
season. Positive precipitation anomalies are observed over the
subtropical South America, particularly in the South of Brazil. This
general pattem is in agreement with many previous studies (e.g.,
Ropelewski and Halpert, 1987).

The above described pattemns vary significantly from
one decade to other. In particular the ENSO composites of the
1980s have shown larger amplitudes in terms of Walker and
Hadley circulation as well as rainfall deficits over the South
America. On the other hand, the 1970s has presented a very
different picture, particularly in the precipitation pattemns, with
reverse signs in the Northeast Brazil and South- Southeast, where
positive anomalies were observed in the first and negative in the
last regions. It seems that the Atlantic ocean has played a very
import role during this decade.

Acknowledgements: The authors would like the acknowledge
the financial support from CAPES, CNPq (Proc. No. 301111/93-6)
and FAPESP. T.A. has also been partially supported by 1Al —
CRN-055.

5. Reference List

Chen, M., P. Xie, J.E. Janowiak, and P.A. Arkin, 2002: A 50-yr
monthly analysis based on gauge observations, 2002. J.
Hydrometeorology, 3(3), 249-266.

Kalnay, E., M. Kanamitsu, R. Kistler, W. Collins, D. Deaven, L.
Gardin, M. Iredell, S. Saha, G. White, J. Woolen, Y. Zhu, M.
Chelliah, W. Ebisuzaki, W. Higgins, J. Janowiak, K-C. Mo, C.
Ropelewski, A. Leetman, R. Reynolds, R. Jenne, 1996. The
NCEP/NCAR reanalysis project. Bull. Amer. Met. Soc., 77,
437-471.

Kayano, M.T., N.J. Ferreira, and M.C.V. Ramirez, 1997. Summer
circulation pattems related to the upper tropospheric vortices
over the tropical South Atlantic. Meteorol. Atmos. Phys., 64,
203-213.

Kidson, JW., 1975. Tropical eigenvector analysis and the
Southem Oscillation. Mon. Wea. Rev., 103, 187-196.

Kousky, V.E., .F.A. Cavalcanti, M.T. Kayano, 1984. A review of
the Southem Oscillation: oceanic-atmospheric circulation
changes and related rainfall anomalies. Tellus, 36A, 490-504.

Nogués-Paegle, J and K-C. Mo, 1997. Altemating wet and dry
conditions over South America during summer. Mon. Wea.
Rev., 107, 279-291.



Reynolds, RW., and M.S. Smith, 1994: Improved global sea Souza, E.B., and T. Ambrizzi, 2002a: ENSO impacts on the South

surface temperature analysis using optimum interpolation. American rainfall during 1980s: Hadley and Walker circulation.
J.Climate, 7, 929-948. Atmosfera, 15, 105-120.

Ropelewski, C and M.S. Halpert, 1987. Global and regional scale Souza, E.B., JM.B. Alves and P. Nobre, 1998b. Anomalias de
precipitation pattems associated with the El Nifio-Southem precipitagdo no norte e leste do Nordeste Brasileiro em
Oscillation. Mon. Wea. Rev., 115(2), 1606-1626. associagdo aos eventos do Padrao de Dipolo observados no

Atlantico tropical. Rev. Bras. Meteo., 13(1), 31-44.

DJF BOW—50wW Yelninagd—clinm® Akl S0W—S0W [elnine20—alim)

AT A FET TR DRI LAY ek

200 s

MEEEENEEEEEEEELEE

METIFIL A B Xt AT AT wY aWyy v brF

+v&+ﬁqvpﬁb

|
oo Teve,

EEE A L T 2 B

P R R

i
400 ?T‘,.v

]
500 - Tf‘a-v
GDD_rT?+A : TR R r?il"ll'?+ -

?DD-rT""“ A ha Tty SRR
¥ e P A L e " "????T'

* Wl g R e Yy

]

1‘_\-_..,1‘"?4__,

P I AL

LR L A R A

PG FAY R Yoy T

SDDij*ld e [TRC Y Al o, FEE G Y] EEL. ] W
CTIE SR DA i | R A5 VA .y
1[][][]_1-{-4.,:.4‘, I.,,.\,..:.‘ffﬁ,:,-am,:,,“‘l‘?*r,'* .*“‘. .n.ﬁ_.,:.lv ! T*1+T¢T*44an¢~??,#|+fyl
JON 20W 10W B 105 205 305 40%  SEAW 20N 10OW  EQ 195 205 30%  40% 50

hAhd 55 —5M [elnincld—clim
F o e ST (o A e L

BT

T40E 175E 1500 115W  80W 458 10W  ZBE T40E 175E 120W 115W 80w 45W 10w J&E

DoF (wlnthogo-titrm)

Figure 1: — Composite of El Niflo episodes observed during the 1990s for the DJF (left) and MAM (right) seasons. Top figures are seasonal
anomalies of omega (shaded contours) and meridional-vertical circulation (vectors). The intermediate figures are seasonal anomalies of omega
(shaded contours) and zonal-vertical circulation (vector). Lower figures show seasonal anomalies of SST (contours) and precipitation (shaded
contours). Darker (light) shaded contours represent positive (negative) anomalies of omega and precipitation.



