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Is the Recent Increasing Trend of Rainfall over Northeast Brazil Related to
Sub-Saharan Drought?
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ABSTRACT

In recent years, there has been an inerease in rainfall over northeast Brazil (Nordeste). while over the
sub-Saharan region there has been a drought. The correlation coefficients between the 11-yvr running means

ol the ramnfall series over the two regions are significant (at the 95

%o confidence level by a two-sided ¢ test).

suggesting that both trends are related. The rainfall variations over the two resions are connected to the
position of the intertropical convergence zone (ITCZ) over the Atlantic. A more southward (northward)
pasition of the I'TCZ is favarable for higher than normal rainfall over Nordeste (sub-Sahura). The corre-
lation coelflicient between the position of the ITCZ over the Atlantic and the rainfall over Nordeste
(sub-Sahara) is negalive (positive) and highly significant, reaching values over 0,9, Thus. this study suggests
that a more southward than normal location of the I'TCZ in the Atlantic may be the cause Tor the recent
increasing (deercasing) trend of rainlall over Nordeste (sub-Sahara).

1. Introduction

As early as 1928, the rainfall variations over semiarid
northeast Brazil (Nordeste) atiracted scicntists” alten-
tion (Walker 1928). Trewartha (1961) termed the cli-
mate of this region as one of the “Earth’s problem cli-
mates.” Recent studies improved the knowledge of this
region’s climate; nevertheless, the accurate prediction
of rainlall over this region is still a scientific challenge
(Hastenrath 1995; Moura and Hastenrath 2004). An-
other region of “Earth's problem climates™ is sub-
Saharan Africa (Trewartha 1961). The continuing
drought conditions in this region led to intense human
suffering and the causes for the persistence of drought
are not yet understood (Dai et al. 2004). Hastenrath
and Ieller (1977) were the first to show that the rainfall
variations over the Nordeste are strongly connected to
the position of the intertropical convergence zonc
(ITCZ) in the Atlantic. The brief rainfall scason of
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March, April. and May (MAM) coincides with the
southernmost position of the ITCZ in the Atlantic. A
more¢ southward than normal position of the ITCZ is
favorable for higher rainfall over Nordeste and the
rainfall over sub-Sahara is also connected to the [TCZ
(Hastenrath 1995).

Two of the basic mechanisms that cause rainfall
variations in the Tropics arc the Walker and Hadley
circulations. Zonally averaged motions in the meridi-
onal plane arc the pure Hadley circulations. Deviations
from these zonally averaged motions are associated
with pure Walker circulations (Rao et al. 2004). How-
ever. local vertical motions. which cause rainfall varia-
tions, have both the Walker and Hadley modes. Moura
and Shukla (1981) and HHastenrath and Greischar
(1993) showed the importance of local meridional cir-
culations on Nordeste rainfall. Stocckenius (1981) sug-
gested the role of Walker circulations in the tropical
precipitation variations. The position of the ITCZ is
crucial to the rainfall of the Nordeste and sub-Sahara
and the circulation associated with the ITCZ has the
influence of both the Walker and Hadley circulations,

A few studies have been conducted regarding the
long-term variations of rainlall over the Nordeste.
Wagner (1996) noted a decadal trend ol interhemi-
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spheric sea surface temperature (SST) gradient in as-
sociation with a strong increase in South Atlantic SSTs
centered at 20°-307S in summer. He found a positive
correlation between this SST trend and precipitation
anomalics over Nordeste and suggested that the cause
for this positive correlation is the southward displace-
ment of the I'TCZ. Using a small number of rain gauge
stations. Marengo et al. (1998) also noted a slow in-
crease in rainfall over Nordeste. However, this study is
not conclusive and they noted the need to extend it with
more rain gauge stations. Hastenrath (2000) presented
the upper-level eirculation changes associated with the
increase in precipitation over Nordeste. Kayano and
Andreoli (2004) found a decadal relationship between
the northern Nordeste rainfall and the SST anomalies
in the tropical Pacilic occurring through the Northern
Hemisphere (NH) midlatitudes, including variations in
the North Atlantic Oscillation system and SST varia-
tions in the tropical North Atlantic. Consistently.
Paegle and Mo (2002) showed that a rainfall mode with
the largest anomalies over Nordeste is influenced by
the North Atlantic Oscillation on a decadal time scale.

The two regions, namely Nordeste and sub-Sahara,
arc scparated by a short distance of about 3000 km and
thus may influence the rainfall distribution of cach
other. Figure | illustrates the locations of these regions,
Indeed. in a recent numerical study, Cook et al. (2004)
noted the mutual influence of the South American and
Alrican continents on precipitation distributions. Here
we study the rainfall variations over Nordeste and sub-
Sahara in recent years and the possible interrelation
between them.

2. Data and methods

Normalized rainfall departures for Nordeste were
obtained for 61 stations given in Rao ct al. (1995) and
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updated in Rao et al. (1999). Initially, means and stan-
dard deviations were determined for each station. Then
the departures of individual years were expressed in
terms of standard deviations. All station averages form
the normalized rainfall departures. Normalized annual
rainfall departures [or sub-Sahara were obtained from
Nicholson (1994). The procedurc to obtain the annual
rainfall departures for sub-Sahara is the same as the
one used by Rao et al. (1995, 1999). In this study. we
used 11-yr running averages to remove inlerannual and
decadal fluctuations. For the Nordeste, Sahel. and
Soudan and Sahelo-Sahara regions. rainfall series are
available. respectively. from 1912-95, 1901-90, and
1921-90.

Monthly reanalyzed 1000-hPa zonal and meridional
winds, sea level pressure. and 850-hPa vertical velocity
data for the period from 1949 to 2003 are also used.
These data were produced by the Climate Data Assimi-
lation System (CDAS) Reanalysis Project (Kalnay et
al. 1996) and have a resolution of 2.5% in latitude and
longitude. Analyses of the reanalyzed data arc donc for
the tropical band between 70°W and 20°E.

The reanalyzed data are used to examine long-term
trends in some atmospheric parameters. This is done by
calculating the differences between 21-yr average fields
centered in 1990 and in 1959 for the February-May
(FMAM) and June—August (JJA) periods. In addition,
the trends in sea level pressure over sub-Sahara and
Nordeste arc calculated for the period 1949 through
2003. For this, small areas over sub-Sahara (10°-20°N,
0°-20°E) and Nordeste (12°-378, 42°-34°W) are se-
lected. In addition, as the rainfall in the Nordeste and
sub-Saharan regions is modulated by the position of the
ITCZ, a time series of the latitudinal position of the
ITCZ at 30°W is constructed. Following Uvo (1989)
and Nobre and Shukla (1996), the ITCZ position is
determined as the latitude where the meridional wind
vanishes. The ITCZ position time series are obtained
for the period 1948-95. Another way of obtaining the
position of ITCZ is based on cloudiness. However, sal-
ellite data are available only from 1979, which is a limi-
tation for the present study.

Correlation coefficients between the Nordeste rain-
[all time series and the sub-Saharan rainfall time series,
as well as between the Nordeste rainfall and sub-
Saharan rainfall time serics and the ITCZ position, are
calculated. To assess the statistical significance of the
correlation coefficient, the number of degrees of free-
dom is estimated using the method of Zhang and Hen-
don (1997). The number of degrees of freedom is the
total number of ycars in a time series divided by 11 yr
(the period considered for the running mean).




4450

0.8

0.6

0.4

+ Sahel
— Sahalo~Sahara ﬁ\
061 s Soudan l"\
&— NEB-N i
AR W
4
1910 1920 14930 1640 1950 1460 14 1980 19494

[, 2. Time variation of normalized ramlall (by standard
deviation, |l-yr running averages).

3. Results

Rainfall variations over the Sahel, Sahelo-Sahara,
and Soudan regions are similar (Fig. 2). While oscilla-
tions with a period of approximately 25 yr are noted
before 1955, there was a sharp decrease in rainfall after
1955. The rainfall varied from about (1.7 standard de-
viations to as low as —(0.8. Over Nordeste. the rainfall
variation from 1915 to 1930 was quite similar to that of
the Sahel and Soudan regions. However, [rom about
1930 the opposile rainfall variation is seen over sub-
Sahara and Nordeste. In particular, the increase in rain-
fall from about —0.4 standard deviations to +0.4 from
around 1955 (o 1970 is clearly seen over Nordeste. The
negative correlation between the rainfall over the two
regions is quite strong. The value of the correlation
cocllicients increases when it is calculated for the pe-
riod 1930-85. All correlation coefficients in Table 1 are
significant at the 95% confidence level by the Student’s
( test, Correlations between the Nordeste and Sahelo-
Sahara regions and between Nordeste and Sahel for the
1930-85 period are significant at the 97.5% conlidence
level.

Figure 3 shows the differences between 21-yr mean
ficlds centered in 1990 and 1959 for the low-level hori-
zontal winds, sea level pressure, and 850-hPa vertical
velocity for the February-May and June-August sca-
sons. There 1s clear evidence of convergence over Nor-
deste and divergence over sub-Sahara in the surface
wind data during both the austral summer and boreal
summer seasons (Figs. 3a.b). There is evidence of an
increase in rising motion over Nordeste and a decrcase
in rising motion over sub-Sahara (FFigs. 3c.d) and there
is a decrease in sea level pressure over Nordeste and an
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Tasre 1. Correlation coeflicients between annual precipitation
in sub-Saharan regions and the Nordeste region (column 1) for
the available period of data, (column 2) for 1930-83, and (column
3) between annual precipitation in sub-Saharan regions and the
ITCZ position in January for [954-85. The numbers in parenthe-
ses are the numbers over which the correlation coetficicnts are
calculated.

ITCZ position

Nordeste
Nordeste 193085 m January
Sahelo-Sahara 080 (60 (L¥3 (56) .97 (32)
Sahel —(.61 (6Y) —{1.76 (56) +1.93 (32)
Soudan — (1.6l (69) —(1L.74 (56) +0.91 (32)
Nordeste —(1.86 (32)

increase over sub-Sahara (Figs. 3e.f). Thus the atmo-
spheric changes between the two periods are consistent
with the increase in rainfall over Nordeste and the de-
crease over sub-Sahara.

Figure 4 shows the long-term variation of sea level
pressure over sub-Sahara and Nordeste [or FMAM and
JIALTL can be seen in Fig. 4a that over sub-Sahara there
is a strong tendency lor the increase in sea level pres-
surc and over Nordeste there is a slow decrease. Over
sub-Sahara and Nordeste in FMAM, the tendencies
are, respectively, +3.77 hPa (55 yr) ' and —0.53 hPa
(55 vr) "' In JJA. the tendencies are +3.8 hPa (55 yr) '
and —0.34 hPa (55 vr)~'. These values are significant by
the Mann—Kendall test. In the 1950s during FMAM. the
sea level pressure over sub-Sahara is lower than that
over Nordeste. However. from about 1995 on, 1t is ¢i-
ther equal or slightly higher than that over Nordeste.
These changes have implications for the observed low-
level circulation changes. Table 2 shows the lagged cor-
relations in sea level pressure (11-yr means) between
sub-Sahara and Nordeste. A minus sign indicates that
the rainfall ol sub-Sahara lags that of Nordeste. It can
be scen that the correlation coceflicients are high and
negative and do not vary much. We also calculated
lagged correlations for the rainfall in the two regions
(not shown). In this case, the highest values are found
for zero lag. Thus the calculation of lagged corrclations
did not help in elucidating the cause and elfect rela-
tionship. In any case, the correlation coefficients are
always strongly ncgative, suggesting that the inverse
relationship between Nordeste and sub-Sahara is ro-
bust.

4. Discussion and conclusions

Several studics have attributed the Nordeste precipi-
tation variability to the anomalous position of the ITCZ
in the Atlantic (c.g., Hastenrath and Heller 1977:
Moura and Shukla 1981), which in turn is related to the
SST and wind variability in the tropical Atlantic, as well
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Fici. 4. Variations of sea level pressure in hPa over sub-Sahara and Nordeste during (a)

FMAM and (b) JJA. The squares represent

as to the atmospheric circulation patterns associaled
with the Hadley and Walker cells. Recently, Hagos and
Cook (2005) showed that African surface processes also
influence the position of the ITCZ in the Atlantic,
which is related to the Nordeste rainfall variations,
Here we show that the I'TCZ is one of the main mecha-
nisms connecling Nordeste and sub-Saharan precipita-
tion. and that the position ol the I'TCZ in the Atlantic
might also be indicative of the long-term trend of pre-
cipitation in these two regions. Cook ct al. (2004) at-
tributed the influence of the African continent on
South America during both the austral summer and
winter scasons o changes in the Walker circulation,
Here we showed the importance of the position of the
ITCZ, which of course is related to both the Walker
and Hadley circulations, for the rainfall variations over
the sub-Sahara and Nordeste regions. The meridional
displacement of the ITCZ over the tropical Atlantic is
such that it has its southernmost position in austral au-
tumn and northernmost position in boreal summer

TasLE 2. Lagged corrclations between sub-Sahara and Nor-
deste for sea level pressure. Lag 1 represents one vear for the
indicated season.
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Nordeste and the circles represent sub-Sahara.

(Nobre and Shukla 1996). The northernmost and south-
ernmost positions of the ITCZ over the Atlantic coin-
cide, respectively, with the rainfall seasons over the
sub-Sahara and Nordeste regions. Also, the orientation
of the ITCZ in the Atlantic from northeast to south-
wesl, 1s in such a way that on the western end it affects
the rainfall of Nordeste and on the castern end it influ-
ences sub-Saharan rainfall. The correlation coefficients
between the position of the ITCZ at 30°W in January
and sub-Saharan rainfall are highly positive and signifi-
cant at 97.5% (Table 1). A positive (negative) correla-
tion indicates that a more northerly (southerly) position
is favorable for higher rainfall over the sub-Sahara
(Nordeste) region. The correlation coefficient between
the position of the ITCZ in January and rainfall over
Nordeste is strongly negative (—0.85) and significant al
95%. The magnitude of this correlation coefficient is
considerably larger than that of —0.28. obtained by Uvo
(1989) between the position of the I'TCZ at 35°W in
January and the seasonal Nordeste rainfall. The sign of
the correlation coefficient in both studies is the same.
However, the difference in magnitude of the correla-
tion cocllicicnts might be due to the dilference in the
period of analyses. Uvo (1989) used a 17-yr period
(1971-87) and here we used the 1948-95 period.
Although the rainfall season over sub-Sahara is in the
boreal summer, the correlation between the annual
rainfall series used here and the position of the ITCZ at
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30°W in June is very low (the correlation coeflicients
between the position of the ITCZ and the rainfall over
the Sahelo-Sahara, Sahel, and Soudan regions are, re-
spectively, (.02, —0.24, and —0.26). Since the correlation
coclficients between the annual rainfall over the sub-
Sahara and the position of the ITCZ in January are
high and significant (Table 1), the position of the ITCZ
can be used for the prediction of rainfall over sub-
Sahara.

This hypothesis seems to be consistent with Kayano
and Andreoli’s (2004) findings on the relationship be-
tween Nordeste rainfall and SST variations in the tropi-
cal Pacilic [or the decadal scale. They proposed that the
negative (positive) phase North Atlantic Oscillation in
the North Atlantic region, accompanying a warm (cold)
ENSO-like multidecadal mode in the Pacilic, affects
the subtropical high pressure system and the associated
low-level winds, which in turn favor the appearance of
positive (negative) SST anomalies in the tropical North
Allantic. As a result, the ITCZ is located more to the
north (south) than its normal position, thus creating
favorable conditions to reduce (increase) rainfall over
northern Nordeste as well as to increase (reduce) rain-
tall over sub-Sahara.

The results presented here strongly suggest that the
increasing trend of rainfall over Nordeste in recent
years is related to the decrease in rainfall over sub-
Saharan Alrica. A more southward position of ITCZ in
the Atlantic secems to be a plausible cause for these
changes.
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