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Rainfall variability over the tropical Atlantic region is dominated by changes in the surface
temperature of the surrounding oceans. In particular, the oceanic forcing over Northeast
of South America is dominated by the Atlantic interhemispheric temperature gradient,
which leads its predictability. Nevertheless, in recent decades, the SST influence on
rainfall variability in some tropical Atlantic regions has been found to be non-stationary,
with important changes of the Atlantic and Pacific influence on Sahelian rainfall which
appear to be modulated at multidecadal timescales. In this work, we revisit the SST
influence over Northeast of South America including the analysis of the stationarity
of this relationship at interannual timescales. Principal Component Analysis has been
applied to the interannual component of rainfall during the March-April-May season.
Results show how the SST forcing on the first mode of rainfall variability, which is a
dipole-like pattern generated by the changes in the seasonal migration of the Intertropical
Convergence Zone, is different depending of the considered period. The response to the
SST anomalies in the Pacific basin is opposite to the Atlantic one and affects different
areas. The Atlantic Niño influences rainfall variability at the beginning of the XX century
and after 1970, while the Pacific Niño plays a major role in the variability of the rainfall in
the Northeast of South America from 1970 onwards. The combined effect of both basins
after the 1970s amplifies the anomalous rainfall response.
Keywords: multidecadal modulations, Northeastern South America rainfall, interannual variability, SST forced
response, atmosphere general circulation models

Introduction
The northern South America is a complex region, because it is a large territory where different
weather systems act. This region includes the Amazon region with one of the most intense
convective activity areas in the world (Andreoli et al., 2012) and also the northeast of Brazil which
is characterized by frequent and intense droughts due to its semiarid climate (Nobre and Shukla,
1996; Rao et al., 2006). The interaction between different atmospheric phenomena that appear in
the whole region and local surface conditions (like topography, vegetation, and land use), generates
a non-homogenous rainfall distribution that varies in a wide temporal and spatial range (Espinoza
Villar et al., 2009; Sierra et al., 2015).
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anomalies and their relation with SST variability in the tropics. In
the second part, we study the response obtained using sensitivity
experiments that consider the concomitant influence of the
Atlantic and Pacific main modes of interannual variability on the
region.
This paper is divided as follows. Section Materials and
Methods describes the used datasets and the methodology used.
The results are shown in section Results and discussed in section
Discussion and Conclusions.

The present work focuses on the Northeast of South America
(NESA) defined hereafter as the region between the 15 N–
15 S and 30–75 W. The annual cycle of precipitation in that
region is led by changes in the position of the Intertropical
Convergence Zone (ITCZ), which suffers meridional shifts
following the seasonal movement of insolation, producing
bimodal or unimodal precipitation patterns over specific regions
of South America and causing non-periodic events of droughts
or floods in NESA region (Sperber and Palmer, 1996; Uvo et al.,
1998; Poveda et al., 2006). The annual cycle of precipitation over
NESA is not completely explained by the ITCZ excursions, the
existence of regional processes strongly influences the amounts
of precipitation over the region, defining local rainfall patterns
(Sierra et al., 2015). The position of the ITCZ also plays an
important role in the connection of the rainfall variations over
the Northeast of South America with rainfall anomalies in the
Sahel region (Rao et al., 2006). When the ITCZ is displaced to
the south (north), higher than normal rainfall occurs over the
Northeast of South America (Sahel).
The ocean is the main driver of interannual to decadal changes
in rainfall in the NESA. At interannual timescales, anomalous
rainfall is driven by changes in the tropical Atlantic sea surface
temperatures (SST) and the remote influence of the tropical
Pacific anomalous SSTs (Giannini et al., 2004; Grimm and
Tedeschi, 2009). Rodrigues et al. (2011) have found how the
tropical Pacific exerts influence over the tropical Atlantic in a way
that El Niño has a positive effect on Atlantic Niños. Precipitation
variability is thus driven by the two leading modes of variability of
SST in the tropical belt: the Atlantic Niño (Zebiak, 1993) and the
Pacific Niño (Philander, 1990). Although the separated influence
of the tropical Atlantic and Pacific oceans on NESA has been
documented, to our knowledge there is no work tackling on the
stationarity of their relationship with NESA rainfall. Moreover,
recent studies have found how the Atlantic and Pacific Niños
appear anticorrelated in summer during the decades after the
1970s and at the beginning of the XX century (Polo et al., 2008,
2015; Rodríguez-Fonseca et al., 2009; Martín-Rey et al., 2012,
2014). The concomitant action of both basins on the NESA
rainfall region has not been yet explored, although important
impacts have been found for the Sahel (Losada et al., 2012;
Rodríguez-Fonseca et al., 2015). Such studies have highlighted
that the SST influence over West African region is not stationary.
In this way, before the 1970s, the Pacific El Niño has a different
impact over Sahelian rainfall than after that period. These works
have demonstrated that this variability is due to the non-linear
relationship between the precipitation in that region and the SST
in the tropical Atlantic.
All these findings have encouraged us to explore the
stationarity of the SST influence on the interannual variability
of rainfall in some regions of the North of South America. The
present study analyses the non-stationarity in the interannual
variations of rainfall in NESA, as well as the associated influence
of the Atlantic and Pacific tropical basins when they act together
in opposite phases (Altantic El Niño and Pacific La Niña) as was
observed after the 1970s.
The first part of this work presents an observational analysis
which includes an assessment of the stationarity of precipitation
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Materials and Methods
Datasets
Precipitation
To undertake robust analyses, three high resolution land surface
precipitation datasets are used. They are based on station data
using different methods of spatial interpolation from the raingauge station locations to the nodes of the 0.5◦ grid. The
interpolations are carried out with different versions of the
Shepard’s algorithm (Shepard, 1968; Willmott et al., 1985). The
datasets are: Climate Research Unit version 3.1 (CRU TS 3.1,
Harris et al., 2013; from 1901 to 2009), University of Delaware
(UDel, Matsuura and Willmott, 2009, from 1900 to 2008); and
Global Precipitation Climatology Center (GPCC, Schneider et al.,
2008, from 1901 to 2007). These three data bases only have
information over land which is a handicap for continuity studies
of analysis of ITCZ-related variability.

Sea Surface Temperatures and Indices
Hadley Centre Sea Ice and Sea Surface temperature (HadISST)
data is used (Rayner et al., 2003). This dataset provides
reconstructed monthly SST and sea ice data on a horizontal grid
with a resolution of 1◦ × 1◦ and spans from 1870 to 2011.
Two indices are calculated from this dataset at interannual
scales: the ATL3 and NINO3 indices. The ATL3 index (Zebiak,
1993) is defined through the SST anomaly mean in the tropical
Atlantic located between 3◦ N–3◦ S and 20◦ W–0◦ . The Niño3
index (Trenberth and Stepaniak, 2001) results from the SST
anomalies averaged in the equatorial Pacific region (5◦ S–5◦ N,
150◦ W–90◦ W).

Methods
Statistical Analysis
To find out how the rainfall variability is organized in NESA
region, Principal Component Analysis (PCA/EOF) has
been applied to three different observational datasets. This
discriminant analysis statistical technique is very useful to extract
modes of variability explaining a high percentage of the field
variance (Wilks, 2006). The analysis is applied to define the
modes of precipitation variability for each of the three datasets
considered. The study focuses on the assessment of the leading
mode of variability with the aim of inferring the associated
mechanisms involved in the origin of the anomalous rainfall in
NESA.
The rainfall variability in the studied region has a strong
variability at different timescales. In this paper we focus on
interannual timescales. Therefore, in order to remove the decadal
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Equator. It is followed by a displacement to the north by midApril and a strong reduction of rainfall south of the Equator.
These features in the evolution of rainfall determine the rainy
season in the region, which corresponds to the boreal spring
(MAM, March-April-May). Horizontal maps in the NESA region
have been also represented in Figure 1B, including the seasonal
means in MAM (March-April-May and in SON (SeptemberOctober-November). It can be seen how rainfall ranges from
18 mm/day during the boreal spring, to 0 mm/day during the
autumn season. These abrupt changes in rainfall coincide with
the meridional movements of the ITCZ, a result that has been
highlighted by many authors (Moura and Shukla, 1981; Sperber
and Palmer, 1996; Uvo et al., 1998; Giannini et al., 2004), who also
deem the ITCZ as the main driver of the rainfall variability in the
Northeast of South America.
To evaluate the precipitation variability at interannual
timescales, the leading mode of MAM rainfall variability has been
determined using Principal Components Analysis (Figure 2).
This analysis has been carried out using the three datasets
considered in the study which have been filtered using a
Butterworth filter. The variance percentages explained by CRU,
UDel, and GPCC are 23.8, 24.4, and 24.2%, respectively.
The spatial pattern of this mode of variability displays the
same structure for the three datasets (Figure 2A). It corresponds
with a dipole-like pattern, suggesting that the anomalies in the
rainfall are linked to the meridional displacements of the ITCZ,
which would increase rainfall in one side of the equator and
decrease in the other. Therefore, when the ITCZ does not reach
its most southern position (close to the northeast) droughts
appears in northeast Brazil, but when the ITCZ stays longer in the
south, heavy rains occur in the northeast of Brazil. The anomalies
in the ITCZ shifts are mainly produced by variations in the SST
interhemispheric gradient in the Atlantic (Uvo et al., 1998).
Principal components (PC) time series (Figure 2B) show
remarkable changes in amplitude, from a [–1 1] range in
the 1950–1970 period to a [–2 2] range in the previous and
forthcoming decades. In fact, the variances in both periods have
been compared and they display significant changes in amplitude
in certain periods which could be due to the existence of external
influences, as those given by the ocean, acting changing the
amplitude of rainfall variability at those timescales.
In order to clarify the factors modulating these changes in
amplitude (non-stationarities), in the next section, a study is done
for separate periods including the analysis of the relation to the
ocean.

influence, the anomalous precipitation time series are filtered
using a Butterworth filter (order 10, cut-off period of 13 years),
which is applied at each grid point before the EOF analysis
(Mann, 2008).
The statistical significance shown along this work has been
obtained from a Student t-test with α = 0.05.

Atmospheric General Circulation Model Experiments
AGCM simulations are used in this study to check the
concomitant action of the Atlantic and Pacific tropical forcing on
the NESA region. These simulations were carried out in Losada
et al. (2012) to study the oceanic influence over West Africa.
However, given the similarities between the SST variability modes
that affect both tropical regions (Rao et al., 2006) and the fact
that we want to verify the same hypothesis of the Atlantic and
Pacific influence on NESA, we have considered their use in this
study. The simulations were performed with the Atmospheric
Global Coupled Model (AGCM) UCLA v.7.3 (Mechoso et al.,
2000; Richter et al., 2008) with a horizontal resolution of 2.5◦ in
longitude and 2◦ in latitude and a vertical resolution of 29 levels.
Three AGCM experiments have been analyzed. In the first
experiment the SST anomalies prescribed are those from whole
tropical region (Atlantic and Pacific) and they are added to the
climatological SST values for the period 1979–2005, which is
considered as the reference period. In these experiments, an
Atlantic Niño appears together with a Pacific La Niña. In the
second experiment the SST anomalies in the Tropical Atlantic
(corresponding to an Atlantic Niño) are retained and they are
added to the SST climatology in the Atlantic basin for the
reference period. In the third experiment the anomalies in the
Tropical Indo-Pacific are considered (Corresponding to a Pacific
La Niña) and they are added to the mean SST values, for the
reference period in the Indian and Pacific basins.
All the experiments are 14-month long (from February
to April), 10-member ensemble integrations, in which the
ensembles differ in a slight perturbation of the initial conditions.
The control simulation is a 10-member ensemble integration
with climatological, monthly-mean varying SST corresponding
to the 1979–2005 period and the difference of the control
simulation with the sensitivity experiments has been used to
assess the response to the anomalous SST over the rainfall in the
NESA region. We have focused our analysis in the rainy season
(MAM) of the Northeast of South America.

Results

Influence of SST on the Rainfall Interannual
Variability

Seasonal Cycle and Variability Modes of
Precipitation

The regression map obtained from the projection of the PC
associated with the first EOF of precipitation from the UDel
dataset onto the SST anomalous field (Figure 3A) shows that
lower precipitation (higher precipitation) in the northeast of
Brazil region is connected with a warming (cooling) at the East of
the tropical Pacific, together with positive (negative) anomalies of
the SST over the tropical North Atlantic and negative (positive)
anomalies over the tropical South Atlantic. The SST anomalies
over the tropical Atlantic produce the strengthening (weakening)

The annual cycle of precipitation over tropical South America
shows the characteristics of a monsoon system, with distinct wet
and dry seasons for many areas (Gan et al., 2004). To explore
the latitudinal evolution of rainfall throughout the year in the
NESA region, a hövmoller diagram of the rainfall is presented
(Figure 1A).
The hövmoller (Figure 1A) shows a maximum of the
precipitation from February to April, between 5◦ S and the
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FIGURE 1 | (A) Hövmoller diagram with the evolution in time and latitude of the average precipitation per month in the region of 35–65 W. (B) Seasonal average of
rainfall for UDel in the boreal spring months, March–May, (top panel) and autumn months September–November (bottom panel). Units are mm/day. Contours show
the standard deviation.

This result is in agreement with the one obtained by Losada
et al. (2012) for the Sahel and López-Parages and RodríguezFonseca (2012) for Europe and demonstrates the importance of
evaluating teleconnections with rainfall in a non-stationary way.
Also the relationship between the Atlantic and Pacific Niños has
been found to be modulated only during some decades, which
coincides with those obtained in the present analysis (MartínRey et al., 2014; Polo et al., 2015). This absence of stationarity has
been found to be related to changes in the background state of the
ocean, for which different dynamical mechanisms operate and
produce the emergence of different teleconnections (Martín-Rey
et al., 2014).
Regarding the influence of the Pacific El Niño, Figure 3C
displays the sliding windows correlations between NINO3 index
and rainfall PC obtained with UDel dataset. From the 1970s the
correlation between the PC and the NINO3 index is strong and
statistically significant, while before the 1970s the correlation
is weak and not statistically significant. Similar results were
obtained with the other two long datasets (not shown). Hence,
the relationship between rainfall in NESA and SST in the Pacific
is also non-stationary.
The present results agree with a former study of Chiang et al.
(2000), who showed that the Atlantic ITCZ variability is linked to
that for the eastern Pacific in a non-stationary way through the
Walker circulation as it respond to changes in equatorial Pacific

of the SST interhemispheric gradient. This result agrees with
those obtained previously by other authors (Harzallah et al., 1996;
Chiang et al., 2000; Cazes-Boezio et al., 2003), who affirm that
the dipole rainfall pattern over the NESA region is related to
variability in the position of the ITCZ, which in turn is produced
by SST anomalies.
The SST anomalous patterns related to rainfall variability in
the NESA region include the two main modes of variability at
interannual timescales in the Pacific and Atlantic basins, the
Atlantic and the Pacific Niño, which agrees with those described
by Hastenrath (2006) with an influence on the rainfall variability.
To analyse the stationarity in the relationship between the rainfall
and the Atlantic and Pacific Niño in the NESA, correlations
have been computed between the leading PC of rainfall and
the ATL3 and NINO3 indices using a 20-year sliding window
(Figures 3B,C).
An interesting result arises when correlating the PC from
UDel dataset with the ATL3 index (Figure 3B). The correlations
are only significant in the periods 1905–1920 and 1965–1980 in
agreement with changes in the PC amplitude. Similar behavior
has been obtained when using CRU and GPCC datasets (not
shown). The non-stationary relationship between ATL3 and
the PCs seems to be robust and it means that the leading
rainfall mode of variability is only modulated by the Atlantic
Niño in certain periods (when the correlation is significant).
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FIGURE 2 | (A) Leading empirical orthogonal function of the March-April-May (mm/day per std in the PC) anomalous rainfall. The regions with correlations significant
at the 95% level are contoured. (B) Standardized principal component (PC1). They are associated with CRU (blue line), UDel (red line), and GPCC (green line) rainfall
anomalies in March-April-May.

Multi-decadal Modulation of Precipitation: Before
and After 1970

convection. We speculate that the Atlantic ITCZ variability, that
is the main driver of the rainfall over the NESA region, can be
modulated by the Atlantic-Pacific Niños connection. In that work
the authors present graphical information (not interpreted) of
this Atlantic-Pacific connection in relation to their findings, a fact
that further encourage the importance of our results.
In summary, although the Atlantic has a significant influence
at the beginning of the XX century and after the 1970s, both
the Atlantic and Pacific main modes of interannual variability
have a significant impact on the PC only after the 1970’s, because
at the beginning of the XX century the Pacific influence is not
significant. Such change of impacts could be related to the late
1970s climate shift reported by Baines and Folland (2007), who
argue that in the 1970s decade relevant characteristics of the
climate changed. Such changes were particularly relevant over
the Tropical regions, changing rainfall over the Amazon basin
and northeast Brazil. In addition Chiang et al. (2000) indicated
that the influence of the Pacific on the Atlantic as consequence of
multidecadal changes in the ITCZ could be due to multidecadal
changes in the ocean mean state and this could be responsible
of enhancing convection in the western equatorial Atlantic. This
multidecadal modulation will be further analyzed in the next
section.

Frontiers in Earth Science | www.frontiersin.org

To confirm the relationship between the anomalous rainfall and
the SST anomalies in the Atlantic and Pacific, the influence of
NINO3 and ATL3 has been analyzed for two different periods
1900–1970 and 1970–2008 and rainfall composite analysis has
been performed.
The composite maps which shows the relationship between
the ATL3 index and the rainfall in the study region (Figure 4A)
have been calculated as the difference between the composite map
of the UDel rainfall (mm/day) for the event ATL3 > 1 minus the
composite map for the event ATL3< −1 in the period before 1970
(left column) and after 1970 (right column).
The composite analysis suggests that before the 1970s, the
effect of the positive phase of the Atlantic El Niño on anomalous
rainfall on NESA is a dipole-like pattern of rainfall anomalies,
with positive anomalies in the northeast of Brazil and negative
anomalies in the north of NESA (Figure 4A). This pattern
might be related to the significance relationship observed in the
Figure 3B during the decades of 1910–1940. These composite
maps have been also computed for CRU and GPCC datasets and
they show a similar pattern (not shown). After 1970 the pattern
is a dipolar structure (Figure 4B) as in the previous period

5
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FIGURE 3 | (A) Regression map of anomalous SST onto the PC1 (◦ C/std in the PC) obtained for UDel dataset. The regions with correlations significant at the 95%
level are contoured. (B) Twenty year moving window correlation between the standardized PC1 associated with the leading mode computed UDel and the ATL3 index
(red line). In the horizontal axis, the year in which the period of 20 year starts is represented. (C) Twenty year moving window correlation between the standardized
PC1 associated with the leading mode computed UDel and the NINO3 index (red line). In the horizontal axis, the year in which the period of 20 year starts is
represented. The dark blue lines show the thresholds over which correlations are significant at 95% confidence level.
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FIGURE 4 | Difference between the composite map of the UDel rainfall (mm/day) for the event. (A) ATL3 > 1 minus the composite map for the event
ATL3 < −1 in the period before 1970 (left column) and after 1970 (right column). (B) NINO3 > 1 minus the composite map for the event NINO3 < –1 in the period
before 1970 (left column) and after 1970 (right column). Contoured areas represent the values of the differences, expressed in mm/day, while the regions with
correlations significant at the 95% level are shaded.

with an Atlantic Niño configuration are prescribed is analyzed
(see section Methods for description). Figure 5A presents
the rainfall anomalies corresponding to the tropical Atlantic
experiment, indicating a significant increase of precipitation in
the equatorial rainfall with a decrease in the north of the NESA
region, as a response of warm SST anomalies in the equatorial
Atlantic.
Regarding the Pacific, the different response of the NESA
rainfall to the Pacific El Niño before and after 1970 is examined
by calculating the composite maps of anomalies. These maps
have been calculated as the difference between the composite
for Pacific Niño events minus the composite for Pacific Niña
events in two different periods (Figure 4B). These composite
maps have been computed based on the years with NINO3 > 1
(Pacific Niño) and years with NINO3 < −1 (Pacific Niña). Before
1970 (Figure 4B, left column) negative anomalies appear in the
northwest of South America, but in the northeast of Brazil there
are no significant anomalies in the rainfall. This result reveals

(Figure 4A), although the anomalies are slightly weaken, due to
the shorter period (1970–1990) in which the observed correlation
is significant (Figure 3B). The pattern coincides with the first
mode of variability for the high frequency rainfall in NESA
region. Some differences exist, however, as those significant
anomalies located closer to the coast that could be explained for
the higher vicinity of the Atlantic Ocean and, therefore, with a
higher influence of this basin over the rainfall.
When an Atlantic Niño occurs, positive SST anomalies appear
in the Tropical South Atlantic. These positive anomalies weaken
the interhemispheric gradient of the Atlantic SST, and this fact
enhances the shift of the ITCZ to the Southern Hemisphere
and the appearance of rainfall in the northeast of Brazil region.
This anomalous pattern, linked to the ATL3 index, suggests the
Atlantic Niño as one of the essential phenomena explaining the
interannual variability of the precipitation in the NESA region.
To ensure the robustness of this result, an AGCM simulation
in which SST anomalies in the tropical Atlantic (TA experiment)
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for description). Rodríguez-Fonseca et al. (2009) showed that
after the 1970s, the Atlantic and Pacific El Niños were highly
anticorrelated and Losada et al. (2012) performed AGCM
sensitivity experiments to explore the influence of this interbasin
connection on Sahelian rainfall. Therefore, to be consistent with
the previous AGCM experiment, in which an Atlantic El Niño
was simulated, we have chosen to analyse a simulation for the
Pacific La Niña. The climatology used in both simulations starts
after 1970, when the influence of the Pacific SST is higher
(Figure 3C). It can be seen how the response to a cooling in
the Pacific is an increase in rainfall over the Atlantic coast of
South America, which extends to latitudes south of the Equator
(Figure 5B).
If we assume a linear response of rainfall to the SST anomalies
[as was found in Losada et al. (2012) for the Sahel], the sum of
the Pacific and Atlantic response is a reinforcement of the signal
over the northeast of Brazil, as shown in Figures 5A,B. To test
such hypothesis, we plot in Figure 5C the rainfall response over
NESA given by the simulation in which Atlantic El Niño and
Pacific La Niña SST anomalies were used. The combined effect
of the two basins produces a dipole-like pattern similar to the
leading mode of variability. The positive anomalies in the north
of equatorial region in the Atlantic coast of NESA region related
to the Atlantic Niño are strengthen by the effect of the Pacific
Niña which produce and increase of rainfall in the study region.
Thus, contrary to the Sahel in which the concomitant action of
both basins cancels the individual signals, over the NESA, the
Atlantic-Pacific Niños connection adds their individual effects
on rainfall. This novel result is very important for predictability
issues and to better assess the SST influence on rainfall in the
region.

Discussion and Conclusions
In this work the interannual rainfall variability in the Northeast
of South America has been investigated in relation to the ocean
forcing, with special emphasis in the non-stationarities of the
found teleconnections. In particular, the different effect of the
Pacific and Atlantic along time is explored together with the
concomitant action of both basins on NESA rainfall.
The study focuses on the first mode of variability of the rainfall
during the March-April-May season, which is characterized by
a north-south dipole-like pattern which appears in response to
the variability in the ITCZ shifts produced by SST anomalies.
We show through observational and AGCM simulations how
SSTs anomalies in the tropical basins can influence rainfall over
NESA at interannual timescales. On the one hand, the anomalous
heating in the equatorial Atlantic following an Atlantic El Niño
configuration leads to increased rainfall over NESA through a
southward shift of the ITCZ due to the subsidence north of the
Equator. On the other, a cooling in the Pacific associated with a
Pacific Niña event leads to rainfall increase over NESA through
convergence in the Amazon region due to the compensation of
surface divergence over the east tropical Pacific.
However, we also show that the impact of such SST
interannual modes of variability on rainfall over NESA is nonstationary. While the Atlantic Niño produces rainfall variability

FIGURE 5 | (A) Rainfall anomalies for the Atlantic Niño simulation. (B) Rainfall
anomalies for the Pacific Niño simulation. (C) Rainfall anomalies for the
simulation in whole Tropical region (Atlantic Pacific). Contoured areas represent
the values of the rainfall, expressed in mm/day, while the regions with
correlations significant at the 95% level are shaded.

that the Pacific Niño events do not project on the interannual
leading mode of variability of the rainfall in the NESA region
during this period. However, after 1970 the anomalous pattern
shows higher similarity with the leading mode of interannual
rainfall variability over NESA (Figure 2A), especially over the
southern centers of action of the mode. This result confirms the
influence of the Pacific Niño in the interannual variability of
the precipitation over the whole Amazonian basin during those
decades (Rodrigues et al., 2011; Kayano et al., 2013).
To confirm this result, an AGCM sensitivity experiment for
the tropical Indo-Pacific region is evaluated (see section Methods
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at the beginning of the XX century and after 1970, the Pacific
Niño does not have a big impact until the 1970s. In the period
from 1920 to 1970 the rainfall variability in the NESA region
could be attributed to the Atlantic interhemispheric mode.
Our results also suggest that, after the 1970s, the response to
concomitant anomalies of SST in the Pacific and Atlantic basins
(Rodríguez-Fonseca et al., 2009) is of the same sign over NESA,
producing an enhancement in the response when both basins act
together.
More work is needed to identify the causes to this nonstationarity in the teleconnection between the Atlantic and
the Pacific Niño with the rainfall variability. Why the Atlantic
and Pacific exert a different impact on rainfall depending
on the period is a question that remains open, although it
could be related to the hypothesis posed in Rodríguez-Fonseca

et al. (2015) for the Sahel, in which changes in the ocean
background state related to the Atlantic Multidecadal Oscillation
are identified as possible modulators of the interannual
teleconnections. Also, it is necessary to analyse the relative impact
of decadal variability over the rainfall in the northeast of South
America.
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