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1. Introduction

We comment on speculations in Folland et al. (2001,
hereafter FCRD) about atmospheric and oceanic influ-
ences on northeast Brazil (NEB) rainfall in the austral
winter dry season. FCRD was mainly concerned with
the NEB wet season and its predictability. However, the
paper also touched upon the dry season, particularly
June and July, when there is sometimes appreciable rain-
fall. Figure 3d of FCRD showed correlations of the
worldwide Global Sea Ice and Sea Surface Temperature
version 3 (GISST3) dataset with NEB rainfall, showing
areas of fairly strong correlation with Atlantic SST, par-
ticularly in the tropical South Atlantic on the South
American side of that ocean. FCRD speculated that the
high correlation of NEB rainfall with SST in the tropical
Atlantic Ocean in June–July might be associated with
a displacement of the South Atlantic convergence zone
(SACZ) northward. We want to correct this hypothesis,
and indicate possible links between June–July NEB
rainfall and tropical South Atlantic SST.

Analyses of the tropical and subtropical precipitation
zones in the Southern Hemisphere have been performed
by Kodama (1992, 1993), including the SACZ. Other
studies that show influences of the SACZ were reported
in Kousky (1988), Liebmann et al. (1999), and Nogues-
Paegle and Mo (1997). The SACZ is a band of cloud-
iness and convective activity oriented northwest–south-
east (NW–SE) over eastern South America extending
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into the tropical to subtropical South Atlantic. It is seen
from the end of austral spring (November) up to the
beginning of austral autumn (March), being more fre-
quent in the summer months. The SACZ can be detected
in both monthly mean precipitation and outgoing long-
wave radiation (OLR) fields. From about April to Oc-
tober the higher values of precipitation and low values
of OLR are displaced northwestward. The SACZ ceases
to exist in the austral winter half year. At the same time,
there is another band of precipitation over southern Bra-
zil, associated with frequent passages of frontal systems.
The SACZ can influence NEB rainfall, but only in the
austral summer when it can be displaced northward and
affects southern NEB (Chaves and Cavalcanti 2001).

2. Further analyses of the influence of SST on
tropical South American precipitation

Figure 1 shows the seasonal climatology of precipi-
tation over South America from the Climate Prediction
Center Merged Analysis of Precipitation (CMAP) da-
taset (Xie and Arkin 1997). There is rainfall over the
eastern coast of NEB in June–August but little in Sep-
tember–November (see Fig. 1 of FCRB for the location
of NEB rainfall as considered here). In the austral sum-
mer [December–January–February (DJF)], the band of
NW–SE-orientated precipitation extending from the
Amazonia region to the Atlantic Ocean represents the
effect of the SACZ. In MAM and JJA the higher values
of precipitation and low values of OLR are displaced
northwestward, and in SON they start to extend again
southeastward. The band of precipitation to the south
that exists from MAM to SON, including the winter JJA
season, is also clearly visible. It extends much more
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FIG. 1. Seasonal climatology of precipitation (mm day21) from CMAP data (Xie and Arkin 1997) over
South America to 508S for the period 1979–98. Contour interval is 1 mm day21.

east–west in these seasons than does the more northerly
displaced SACZ in austral summer.

We now investigate the influence of SST in the trop-
ical South Atlantic, averaged over June and July, on
atmospheric circulation and precipitation over tropical
South America for the same months. To provide an SST
index, we use the average SST anomaly in the region
108–208S, 358–22.58W where the strongest relationships
in Fig. 3d of FCRD were found. Extension of this SST
area eastward to 108W gives similar but weaker results
to those described below. The atmospheric data, in-
cluding precipitation, is taken from the National Centers
for Environmental Prediction–National Center for At-
mospheric Research (NCEP–NCAR) reanalysis (Kalnay
et al. 1996) for 1958–98. Most of our analyses are based
on differences between mean atmospheric anomalies in
the 10 warmest and 10 coolest years in the above SST
region over the period 1958–98, applying the GISST3
dataset used in FCRD.

Figure 2 shows the differences in precipitation be-
tween the warm and cold years. There is a long band

of significant differences stretching along the northeast
coast of South America from north of the equator to
just south of the SST region. Differences are particularly
large over the western part of NEB, but are significant
everywhere over that region and represent a major mod-
ulation of rainfall in this rather dry season compared to
the rainfall climatology (Fig. 1). Not surprisingly, the
correlation between SST and precipitation (not shown)
is highly significant and positive, and exceeds 0.4 over
many NEB subregions (areas 2.58 lat 3 3.758 lon), as
well as over the coastal region to the south of Cape San
Roque, Rio Grande do Norte. Precipitation over the
western half of the SST region itself is also significantly
positively correlated with SST. This precipitation band
over the Atlantic Ocean may be related to the influence
of frontal systems on NEB precipitation as mentioned
in Kousky (1979). Significant correlations are surpris-
ingly extensive with a large band of negative correla-
tions over the tropical North Atlantic Ocean and Carib-
bean Sea that deserve more attention.

Further insight is given by Figs. 3a and 3b. Figure
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FIG. 2. The difference in precipitation (mm day21) averaged for
Jun and Jul over South America to 508S between the 10 yr of warmest
SST in the region 108–208S, 358–22.58W and the 10 coldest yr, 1958–
98 (boxed in black). Contour interval is 1 mm day21. Differences
statistically significant at the 5% confidence level given by a local t
test are shaded.

FIG. 3. (a) As in Fig. 2, difference in the convergence of near-
surface winds between the average of the 10 warmest SST yr and
the 10 coldest SST yr. Positive values represent increased conver-
gence. Contour interval is 0.5 m s21. SST region is boxed in black.
(b) Difference in near-surface winds (m s21) between average of the
10 warmest SST yr and the 10 coldest SST yr. The shaded square
shows the SST region. Arrow lengths are proportional to wind speed.
Thick arrows show where difference in westerly or northerly wind
component is 5% significant according to t test.

3a shows the difference in the convergence of near-
surface (10 m) winds between years with warm and cold
SST. A highly significant difference is seen over NEB
and part of the coast to the southeast. Over the drier
parts of northern NEB this is sufficient to change the
net mean absolute divergence (cold SST) to absolute
convergence (warm SST). Figure 3b shows the differ-
ence in near-surface vector winds. The main feature is
a southward anomalous flow from the tropical Atlantic
from 108N southward into NEB in warm SST years that
then extends south to the SST region itself. Significant
(thick) arrows are those where differences in either u
or y components of the flow are significant at the 5%
level. This behavior of the winds is quite like that shown
by the difference in u and y between wet and dry years
in the main rainfall season (Fig. 11 of FCRD). However,
the detailed mechanisms must be somewhat different as
the ITCZ is farther north in austral winter.

3. Conclusions

Much of the earlier work in austral winter on vari-
ations in rainfall in this general region has been done
for the coastal area southeast of the NEB region con-
sidered here (e.g., Kousky 1979, 1980; Rao et al. 1993).
These authors give physical explanations about the
mechanisms of precipitation over this region in the win-
ter season. This region is seaward of a near-coastal
mountain range stretching south from near Cape San
Roque, and has a wetter austral winter climate. Clearly
it is affected by the SST changes shown here too. Rain-

fall in austral winter has been related to convection as-
sociated with eastern disturbances that can be seen in
satellite infrared images. Yamazaki and Rao (1977) sug-
gested that westward-propagating cloud systems were
responsible for the May–July monthly precipitation
maximum along the eastern coast of NEB. So it is pos-
sible that the large-scale flow and convergence changes
shown here both influence, and result from, such syn-
optic-scale westward-propagating waves over the NEB
region. Perhaps these waves are more vigorous over
NEB in warm SST years than in cold ones. Daily surface
and satellite data should be used to investigate this idea.
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However, it does not seem likely from these results that
the austral winter east–west extratropical rainfall band
well to the south of NEB plays an appreciable role.
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