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Abstract

Recent studies found that tropical Atlantic variability may affect the climate in both the tropical Pacific
and Indian Ocean basins, possibly modulating the Indian summer monsoon and Pacific ENSO events. A
warm tropical Atlantic Ocean forces a Gill-Matsuno-type quadrupole response with a low-level anticyclone
located over India that weakens the Indian monsoon circulation, and vice versa for a cold tropical Atlantic
Ocean. The tropical Atlantic Ocean can also induce changes in the Indian Ocean sea surface temperatures
(SSTs), especially along the coast of Africa and in the western side of the Indian basin. Additionally, it can
influence the tropical Pacific Ocean via an atmospheric teleconnection that is associated with the Atlantic
Walker circulation. Although the Pacific El Nifio does not contemporaneously correlate with the Atlantic
Nifio, anomalous warming or cooling of the two equatorial oceans can form an inter-basin SST gradient that
induces surface zonal wind anomalies over equatorial South America and other regions in both ocean basins.
The zonal wind anomalies act as a bridge linking the two ocean basins, and in turn reinforce the inter-basin
SST gradient through the atmospheric Walker circulation and oceanic processes. Thus, a positive feedback
seems to exist for climate variability of the tropical Pacific-Atlantic Oceans and atmospheric system, in which
the inter-basin SST gradient is coupled to the overlying atmospheric wind.

Zusammenfassung

Neuere Studien zeigen, dass die Variabilitiit des tropischen Atlantiks das Klima sowohl des tropischen Pazifiks
als auch des tropischen Indischen Ozeans beeinflusst, wobei moglicherweise der Indische Sommermonsun
und pazifische ENSO-Ereignisse moduliert werden. Ein warmer tropischer Atlantik bewirkt eine Quadrupol-
Antwort des Gill-Matsuno-Typs mit einer flachen Antizyklone iiber Indien, die die Monsunzirkulation
schwicht. Das Umgekehrte gilt fiir einen kalten tropischen Atlantik. Der tropische Atlantik kann auch
Anderungen der Meeresoberflichentemperaturen (SSTs) im Indischen Ozean auslosen, insbesondere entlang
der afrikanischen Kiiste und im westlichen Bereich des Ozeanbassins. Desweiteren kann er den tropischen
Pazifik tiber eine mit der atlantischen Walkerzirkulation zusammenhéngende, atmosphirische Telekonnektion
beeinflussen. Obwohl der pazifische El Nifio nicht mit dem gleichzeitigen, atlantischen El Nifio korreliert,
kann eine anomale Erwidrmung oder Abkiihlung der zwei dquatorialen Ozeane einen iibergreifenden SST-
Gradienten bilden, der Anomalien des zonalen Windes an der Erdoberflidche iiber Siidamerika und anderen
Regionen innerhalb der beiden Ozeanbassins hervorruft. Die zonalen Windanomalien wirken als Briicke, die
die beiden Ozeanbecken miteinander verbindet und wiederum den SST-Gradienten zwischen den Ozeanen
durch die atmosphirische Walkerzirkulation und ozeanische Prozesse verstirkt. Also scheint eine positive
Riickkopplung der Klimavariabilitdt zwischen dem ozeanisch-tropischen Pazifik-Atlantik-System und der
Atmosphére zu bestehen, in der der SST-Gradient zwischen den ozeanischen Bassins und die dariiber

liegenden Winde gekoppelt sind

1 Introduction

Sea surface temperatures (SSTs) in the tropical oceans
exhibit strong interannual variations that are linked to
changes in weather patterns over the continents and in-
fluence land temperatures and precipitation (e.g., TREN-
BERTH and HURRELL, 1994; LATIF and BARNETT,
1996; THOMSON and WALLACE, 1998 for the Pacific;
Vizy and COOK, 2001; GIANNINI et al., 2003; BAR-
REIRO and TIPPMANN, 2008 for the Atlantic; SAJI
et al., 1999;WEBSTER et al., 1999; FISHER et al.
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2005; ANNAMALALI et al., 2003 for the Indian basin).
The largest SST variation occurs in the tropical Pa-
cific Ocean that hosts the El Nifio-Southern Oscillation
(ENSO) — arguably the most important mode of interan-
nual climate variability on Earth. Its influence extends to
all three basins and to mid- and high-latitudes by atmo-
spheric teleconnections (e.g., GERSHUNOV and BAR-
NETT, 1998; TRENBERTH et al., 1998; SHUKLA et al.,
2000; ALEXANDER et al., 2002; DESER et al., 2004). In-
deed, a correct prediction of ENSO is crucial to estimate
rainfall anomalies in the Indian monsoon regions (e.g.,
WEBSTER and YANG, 1992), over North America (e.g.,
BARLOW et al., 2001; SEAGER et al., 2005) and in the
Caribbean region (e.g., GIANNINI et al., 2001) and over
Africa (e.g., ANYAMBA et al., 2001). However, ENSO
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Figure 1: Composite SST anomaly. See text for details. Units are K.

SSTs are not the only ones that contribute to interan-
nual variability in the tropics, and tropical Pacific SST
anomalies themselves may arise by atmospheric telecon-
nections from other ocean basins.

In this paper, we focus on the physical mechanisms
of interannual teleconnections of the tropical Atlantic
Ocean to remote regions, a topic recently investigated
in a series of papers (e.g., WANG, 2006; KUCHARSKI
et al., 2007; KUCHARSKI et al., 2008; KUCHARSKI
et al., 2009 and LOSADA et al., 2009). Notwithstand-
ing the well established influence of the tropical At-
lantic Ocean on the climate variability in its surround-
ing continents such as Africa and South America (e.g.,
Vizy and COOK, 2001; GIANNINI et al., 2003; JAN-
ICOT et al., 1998; FONTAINE et al., 1998; TRZASKA
et al., 1996; REASON and ROUAULT, 2006; BARREIRO
and TIPPMANN, 2008; DOYLE and BARROS, 2002), we
will show that tropical Atlantic SST anomalies can in-
duce an atmospheric response that, in turn, modifies the
oceanic and atmospheric variability in regions as far as
the tropical Indian and Pacific basins. The aim is to re-
view our recent findings on the tropical Atlantic influ-
ence on the Indo-Pacific region and to provide additional
evidence for these atmospheric teleconnections.

2 Teleconnection of the Tropical
Atlantic to the Tropical Indian Ocean

The influence of the Atlantic climate variability on the
Indian Ocean basin has been subject of several papers,
the majority of which focuses on Atlantic SSTs north
of the equator. Indeed, it has been shown that changes
in the Atlantic multidecadal oscillation (AMO) and in
the North Atlantic oscillation (NAO) may impact the
Indian monsoon (e.g. CHANG et al., 2001; LU et al.,
2006; ZHANG and DELWORTH, 2006; GOSWAMI et al.,
2006; LI et al., 2008; KUCHARSKI et al. 2008b). The
physical mechanism behind the AMO-Indian monsoon
teleconnection, as outlined by GOSWAMI et al. (2006)
for example, consists in an increased meridional tropo-
spheric temperature gradient over the whole northern
hemisphere including Eurasia, in correspondence to a
positive phase of the AMO (i.e., positive SST anomalies
in the North Atlantic). Such a temperature gradient in the

C. Wang et al.: Teleconnections of the tropical Atlantic to the tropical Indian and Pacific Oceans

Meteorol. Z., 18, 2009

troposphere may induce a late withdrawal of the Indian
summer monsoon, thus causing an increase of the sea-
sonal mean Indian monsoon rainfall. LT et al. (2008) no-
ticed that the tropical SST expression of the AMO plays
arole in this teleconnection.

Other recent studies have analyzed the interannual
relation between the North Atlantic basin and the In-
dian monsoon (e.g., SRIVASTAVA et al., 2002; ROD-
WELL et al., 2004; DING and WANG, 2005; RAJEEVAN
and SRIDHAR, 2008; YADAV, 2008). YADAV (2008) and
RAJEEVAN and SRIDHAR (2008), in particular, reported
the existence of a correlation between south tropical At-
lantic (STA) SSTs and Indian monsoon rainfall, but they
did not analyze the details of the physical mechanism.
Here we discuss such a mechanism by reviewing three
recent papers (KUCHARSKI et al., 2007; KUCHARSKI
et al., 2008a and KUCHARSKI et al., 2009), in which
Kucharski and his coauthors have shown that the influ-
ence of the Gulf of Guinea SSTs extends into the Indian
Ocean basin and modulates the Indian summer monsoon
on interannual timescales.

Focusing on the SST anomalies localized in the Gulf
of Guinea, it is worth mentioning that the response over
the African continent to their variability has been ex-
tensively discussed in the literature (VIZYy and COOK,
2001; GIANNINI et al., 2003; among others). In brief,
the warming in the Gulf of Guinea forces low-level con-
vergent flow in the surrounding coastal region, brings
moist air over land, and consequently causes increased
precipitation there. KUCHARSKI et al. (2007) noted,
however, that the influence of the Gulf of Guinea SSTs
is not limited to the adjacent African coast, but extends
further into the Indian basin and modulates the Indian
summer monsoon on interannual timescales. In their
work the observed interdecadal variability of the ENSO-
monsoon relationship, according to which a drier than
normal monsoon season usually precedes peak El Nifio
conditions, and vice versa during La Nifia phase, could
be realistically simulated only if changes in the tropi-
cal Atlantic SSTs in boreal summer were properly ac-
counted for. The anti-correlation between Indian mon-
soon strength and the eastern equatorial Pacific SST
anomalies, whose interannual variability is dominated
by the ENSO signal, is well known. The physical mech-
anism behind it has been extensively explored in the
literature (e.g., RASMUSSON and CARPENTER, 1983;
WEBSTER and YANG, 1992; JU and SLINGO, 1995)
and is believed to be due to the shift of the Pacific
Walker circulation, with the preferred location for deep
convection moving from the western Pacific warm pool
to the central Pacific during El Nifio events. The anti-
correlation, however, is not constant over time, and un-
dergoes decadal variability. In particular, in the late 70s,
80s and 90s this relationship has weakened substantially
compared to the previous 20-25 years (KUMAR et al.,
1999; TORRENCE and WEBSTER, 1999). For example,
the 1997/98 El Nifio event, despite its intensity, pro-
duced only marginal rainfall anomalies over India.
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Table 1: Correlation Coefficients (CC) between IMR and the Nino3 index for CRU (the first row), ensemble mean of AtIANOM (the second
row), and ensemble mean of AtICLIM (the third row) for the periods 1950 to 1999, 1950 to 1974, and 1975 to 1999. The last column shows
the CC difference of the later minus the earlier period for CRU and the respective experiments.

1950-1999 1950-1974 1975-1999  1975-1999 minus
1950-1974
CC (CRU, Nino3) 0.59 0.69 045 0.24
CC (Atlavow, Nino3) 0.63 0.79 -0.51 0.28
CC (Atleu, Nino3) 0.73 0.74 0.72 0.013

KUCHARSKI et al. (2007) investigated the observed
interdecadal variability of the Indian monsoon-ENSO
relationship during the period 1950-1999 using an en-
semble of regionally coupled integrations. They found
that an atmospheric general circulation model (AGCM)
coupled to an ocean model in the Indian basin and
forced by imposed SSTs elsewhere can properly sim-
ulate a dominant portion of such interdecadal variabil-
ity only when observed tropical Atlantic SST anoma-
lies are included. Before 1975 the equatorial Atlantic
SSTs were slightly warmer than climatological values
in correspondence to positive ENSO events and con-
tributed to reinforce the El Nifio-Indian monsoon anti-
correlation. However, after 1975 a substantial cooling
in the tropical Atlantic Ocean intensified the monsoonal
circulation and thus weakened the ENSO-Indian mon-
soon relationship. As further evidenced, KUCHARSKI
et al. (2007) have shown that the simulated El Nifio-
Indian monsoon anti-correlation remains constant over
the whole 50-year period when climatological SSTs are
imposed over the tropical Atlantic (this experiment is re-
ferred to as AtlCLIM). Table 1 summarizes the correla-
tions of the June to September (JJAS) Nino3 index with
an Indian monsoon rainfall (IMR) index (the IMR 1is de-
fined as average JJAS rainfall over land points in the re-
gion 70°E-95°E and 10°N-30°N) and their changes be-
fore and after 1975 in the two ensembles. Note that the
observed changes in the correlation coefficients are not
statistically significant. Indeed, the possibility that the
observed changes in the correlations are due to internal
atmospheric variability has been discussed (e.g., GER-
SHUNOV et al., 2001). However, the modeled correlation
changes are 95 % statistically significant if the individ-
ual changes in all 10-ensemble members are taken into
account. As a note of caution, the reader should bear
in mind that RAJEEVAN and SRIDHAR (2008) have re-
cently observed that the correlation between the tropical
Atlantic SST anomalies and Indian monsoon rainfall has
weakened during recent decades, while the SST anoma-
lies over the North Atlantic are now more strongly cor-
related with the IMR (see their figure 2). However, an
apparent weakening of the southern tropical Atlantic
(STA)-Indian monsoon relation is expected after the mid
70’s if the ENSO and STA influences are not separated
in the analysis, due to the competing effect of tropical
Pacific and Atlantic SST anomalies on the Indian mon-
soon. In other words, positive SST anomalies in both

basins act to decrease the Indian monsoon, but if the
SSTs in the two basins are anti-correlated, as in recent
decades, the net impact of tropical SSTs outside the In-
dian basin on the Indian monsoon will be reduced be-
cause the contributions from the Atlantic and Pacific
tend to cancel each other.

The Atlantic SST anomalies, significantly correlated
with the Indian monsoon rainfall, have been found to ex-
tend between 30°W to 10°E and 20°S to 0°S using both
observational data and coupled models (KUCHARSKI et
al., 2008a), and are usually referred to as southern trop-
ical Atlantic (STA) pattern (HUANG et al., 2004). This
pattern is very similar to the SST regression onto the so-
called Atl3 index, defined as averaged SST anomalies
in the region of 20°W to 0°E and 4°S to 4°N (e.g., ZE-
BIAK, 1993). The correlation coefficient of the Atl3 and
STA SST anomalies is indeed 0.89.

The physical mechanism by which the tropical At-
lantic influences the Indian monsoon has been inves-
tigated by KUCHARSKI et al. (2009) with idealized
AGCM experiments. In these simulations, SST anoma-
lies are prescribed only in the Gulf of Guinea region and
climatological SSTs force the AGCM elsewhere (see
Fig. 1). The magnitude of the SST anomaly shown in
Fig. 1 is twice that of a regression of SSTs onto the STA
index. 100-ensemble members of seasonal integrations
for the season of July to September (JAS) have been
performed. The atmospheric response to the equatorial
heating anomaly is of a Gill-Matsuno-type (GILL, 1980;
MATSUNO, 1966). In the summer season, there are in-
deed upper-level easterly wind anomalies near the equa-
tor in the Atlantic and Indian Ocean region, which favor
a pure equatorially trapped Gill-Matsuno response, con-
sistent with the findings of JIN and HOSKINS (1995).
Rossby waves are responsible for transporting the sig-
nal to the west, while Kelvin waves carry the westerly
wind anomalies to the east. The large-scale response to
the SST anomaly of Fig. 1 in 200-hPa streamfunction
is a quadrupole with the northeastern upper level trough
being located just west of the Indian Peninsula (Fig. 2a).
This quadrupole has a baroclinic structure with a low-
level anticyclone located over India, causing low-level
divergent motion and a reduction of precipitation over
the Indian region (Fig. 2b).

The equatorial wind response is determined by a
low-level convergence in the tropical Atlantic and West
African region that leads to upward motion and con-
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Figure 2: Response of (a) 200-hPa eddy streamfunction and (b) precipitation and 925-hPa winds to a south tropical Atlantic SST anomaly
(see Fig. 1). All shown contour intervals are 95 % statistically significant. Units are 10° m?/s for (a) and mm/day for precipitation and m/s

for wind in (b).

sequently upper-level divergence. This, in turn, causes
upper-level westerly wind anomalies to the east and east-
erly wind anomalies to the west. Being a baroclinic re-
sponse, at low levels there are equatorial easterly wind
anomalies in the Indian Ocean region (Fig. 2b).

Here we also present some new evidence for the
Atlantic-Indian monsoon interaction, focusing on the
impact of STA SST anomalies on winds and SSTs in
the Indian basin. We begin our new analysis by consid-
ering the JJAS dynamical Indian monsoon index (IMI),
defined as the north-south 850-hPa zonal wind differ-
ence averaged over the domains of 40°E-80°E, 5°N-
15°N and 60°E-90°E, 20°N-30°N and derived from the
NCEP/NCAR reanalysis (KALNAY et al., 1996). The
IMI is representative of the Indian monsoon strength
(e.g., WANG et al., 2001). A similar analysis has been
also presented in KUCHARSKI et al. (2009), but for the
JAS season. Figure 3a shows the correlation coefficients
(CCs) of the IMI with the SSTs from the HadISST
dataset (RAYNER et al., 2003) for the period 1950 to
1999. CCs larger than 0.3 are 95 % statistically signif-
icant. As already mentioned, the existence of a strong
anti-correlation between the Indian monsoon strength
and the eastern equatorial Pacific SST anomalies associ-
ated with ENSO is well established (Fig. 3a). The corre-
lations seen in other regions, on the other hand, should
be interpreted with care, as ENSO-induced variability
may force at the same time both the IMI and the remote
SST anomalies, and correlations may be present with-
out a physical connection between IMI and those SSTs.
Therefore, using a technique similar to that adopted in
KUCHARSKI et al. (2008), we define the residual IMI,
IMIRES, as the IMI component that is not linearly re-
lated to ENSO according to:

IMIpps(t) = IMI(t) — IMIpyso(t)  (2.1)

IMIgnso(t) = bNINO34(t) (2.2)

where NINO34(t) is the Nino3.4 index defined as area
averaged SST anomalies in the region of 170°W-120°W

a) Corr IMI NCEP—HadISST 50/99
AR T P .

L ew

Figure 3: Distribution of the Correlation Coefficient (CC) between
(a) IMI and observed SSTs and (b) /M Irgs and observed SSTs.
Absolute CC larger than 0.3 are 95 % statistically significant.

and 5°S-5°N and b is calculated with a least square
linear regression. Figure 3b shows the CCs of IMIRES
with SSTs for the period 1950 to 1999. Clearly, Gulf of
Guinea SST anomalies display the largest correlations,
while all other regions are characterized by hardly sta-
tistically significant CCs. This analysis supports the pre-
vious findings on the influence of tropical Atlantic SSTs
over the Indian basin using wind measurements.
Finally, we notice that the tropical Atlantic-Indian
basin teleconnection induces changes in Indian Ocean
SSTs as well. As previously discussed, a warm anomaly
in the STA region of the tropical Atlantic induces low-
level easterly wind anomalies in the western tropical In-
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Figure 4: Regression of (a) observed and modeled (b) SSTs and
850-hPa winds onto the STA index. Units are K and m/s per STD of
the STA index.

dian Ocean (Fig. 2b). These wind anomalies, in turn,
affect the Indian Ocean SSTs. We investigated this re-
sponse in both reanalysis datasets and in regionally cou-
pled model integrations. We use, once more, the ensem-
ble described in BRACCO et al. (2007) and KUCHARSKI
et al. (2007) and realized with a global AGCM coupled
to an ocean model in the Indian basin, while prescribed
observed SSTs force the atmospheric model elsewhere.
Figures 4a and b show the regressions of SSTs and
850-hPa winds onto the JJAS STA index for observa-
tions (HadISST for SST and NCEP/NCAR re-analysis
for winds) and model data, respectively. Note that the re-
sult is very similar if the ENSO signal is removed from
the STA index because the correlations of the STA and
NINO3 indices are very small for the period considered
here (CC = 0.08 for 1950 to 1999). Consistent with a
weakening of the Somali jet, SSTs in the western tropi-
cal Indian Ocean are warmer than climatological values
due to decreased evaporation and ocean downwelling in
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response to warm STA SST anomalies (with values of
about 0.2 K per standard deviation of the STA index)
both in the observations (Fig. 4a) and in the coupled
model ensemble (Fig. 4b). The corresponding correla-
tion coefficients exceed 0.4 in the western Indian Ocean,
thus explaining an important portion of the Indian Ocean
SST variability on interannual timescales. The link of
the response of the Indian Ocean to the STA SST anoma-
lies with the Indian Ocean zonal mode variability in au-
tumn (e.g., SAJI et al., 1999) needs to be further investi-
gated.

3 Teleconnection of the Tropical
Atlantic to the Tropical Pacific

Tropical Atlantic variability is dominated by two cli-
mate modes: The Atlantic zonal equatorial mode and the
tropical Atlantic meridional gradient variability (e.g.,
XIE and CARTON, 2004; CHANG et al., 2006). The At-
lantic zonal equatorial mode is also called the Atlantic
Nifio. Here we discuss and summarize the influence of
the tropical Atlantic on the tropical Pacific through the
inter-basin SST gradient that is formed by the equato-
rial modes of the Pacific El Nifio and the Atlantic Nifio
(WANG, 2006). The Pacific El Nifio and the Atlantic
Nifio are measured by the Nino3 (150°W-90°W, 5°S-
5°N) and Atl3 (20°W-0°, 4°S—4°N) SST anomalies, re-
spectively (e.g., NEELIN et al., 1998; WANG and PI-
CAUT, 2004; ZEBIAK, 1993). As pointed out by many
studies (e.g., ZEBIAK, 1993; ENFIELD and MAYER,
1997), the Nino3 SST anomalies do not contemporane-
ously correlate with the Atl3 SST anomalies. However,
the inter-basin SST gradient does not require a contem-
poraneous correlation between the Nino3 and Atl3 SST
anomalies. The inter-basin SST gradient can be formed
when anomalous events of two oceans are either of the
same sign or opposite sign as well as in one ocean basin
alone. This is somehow analogous to the tropical At-
lantic meridional SST gradient variability that is asso-
ciated with the tropical North and South Atlantic SST
anomalies which are mostly independent, however.

The inter-basin SST gradient index is defined by
the difference between the standardized Nino3 and Atl3
SST anomalies (WANG, 2006), representing what is
happening in both the equatorial eastern Pacific and At-
lantic Oceans. Figure 5 shows the correlation maps of
850-hPa wind anomalies, SST anomalies and sea level
pressure (SLP) anomalies with the inter-basin SST gra-
dient index. When the SST anomalies are positively cor-
related in one ocean, the correlation in the other ocean
basin is negative (Fig. 5b). Correspondingly, the SLP
gradient pattern is established with a negative correla-
tion in the eastern tropical Pacific and a positive value
in the tropical Atlantic (Fig. 5c¢). Since zonal SLP gra-
dient determines surface zonal wind near the equatorial
region (LINDZEN and NIGAM, 1987), the east-to-west
(or westward) SLP gradient results in equatorial easterly
wind anomalies over equatorial South America (ESA)
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Figure 5: Correlation maps of (a) wind anomalies at 850-hPa, (b)
SST anomalies, and (c) sea level pressure anomalies with the inter-
basin SST anomaly gradient index. The red rectangular box in (a)
represents the region of equatorial South America (ESA). In (b) and
(c), positive (negative) correlation is in red (blue) color. The dark red
and dark blue represent correlation larger than 0.2 (95 % significant
level). All data are monthly and from 1950 to 2004.

and the equatorial Atlantic (Figs. 5a and 5c). In the Pa-
cific, the west-to-east (or eastward) SLP gradient is as-
sociated with strong equatorial westerly wind anomalies
(Figs. 5a and 5c¢), consistent with the wind distribution
of Pacific warming. The inter-basin SST gradient can in-
duce the overlying atmospheric wind anomalies across
ESA, which can help bridge the interaction of the two
ocean basins.

The cross-South America zonal wind anomalies can
in turn induce the changes in the equatorial eastern Pa-
cific and Atlantic Oceans. The oceanic responses of
sea surface height (SSH) and SST anomalies to the
ESA surface zonal wind anomalies are shown in Fig. 6.
SSH variation is a proxy for variability of the thermo-
cline, with a positive (negative) SSH anomaly imply-
ing a deepened (shallowed) thermocline. Figure 6a in-
dicates that equatorial easterly (westerly) wind anoma-
lies over ESA are associated with the deepened (shal-
lowed) thermocline in the equatorial eastern/central Pa-
cific and the shallowed (deepened) thermocline in the
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Figure 6: Oceanic responses to the cross-South America zonal wind
anomalies. Shown are correlation maps of (a) sea surface height
(SSH) anomalies and (b) SST anomalies with the 850-hPa zonal
wind anomalies in the equatorial South America region of 5°S-5°N,
80°W-40°W (red rectangular box). Positive (negative) correlation is
in red (blue) color. The dark red and dark blue represent correlation
larger than 0.2 (95 % significant level). Monthly SSH is from 1993-
2004 and other data are from 1950 to 2004.

equatorial eastern/central Atlantic. The variations of the
thermocline are consistent with the fact that the ESA
easterly (westerly) wind anomalies correspond to warm
(cold) SST anomalies in the equatorial eastern Pacific
and cold (warm) SST anomalies in the equatorial At-
lantic (Fig. 6b).

Since the equatorial eastern Pacific Ocean and the
equatorial Atlantic Ocean are separated by the landmass
of northern South America, their interaction must be
through induced variability of the atmosphere. Figure
7 shows the correlation maps of the upper tropospheric
(200-hPa) velocity potential and divergent wind anoma-
lies and rainfall anomalies with the inter-basin SST gra-
dient index. These variations indicate that the zonal
Walker circulations driven by the zonal heating asym-
metry are responsible for the coherent picture of the
equatorial Pacific and Atlantic Oceans. Associated with
the inter-basin SST variability are two zonal anoma-
lous Walker circulation cells: The Pacific and Atlantic
Walker cells (Fig. 8). The air anomalously ascends in the
equatorial central/eastern Pacific and flows both west-
ward and eastward in the upper troposphere. The west-
ward flow of the upper troposphere is associated with
the Pacific Walker circulation that induces the Bjerknes
feedback for ENSO events. The eastward flow of the up-
per troposphere corresponds to the Atlantic Walker cir-
culation that is responsible for the inter-basin interac-
tion. Over the equatorial Atlantic and western Pacific,
the air anomalously converges and descends. At the
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Figure 7: Atmospheric responses to the inter-basin SST gradient
variability. Shown are correlation maps of (a) the 200-hPa velocity
potential and divergent wind anomalies and (b) rainfall anomalies
with the inter-Pacific-Atlantic SST anomaly gradient index. Positive
(negative) correlation is in red (blue) color. The dark red and dark
blue represent correlation larger than 0.2 (95 % significant level).
Monthly rainfall is from 1979-2004 and other data are from 1950 to
2004.

lower troposphere, the air then anomalously converges
toward the equatorial central/eastern Pacific and forms
the two Walker circulation cells (KLEIN et al., 1999;
WANG, 2002a, 2002b and 2005).

The observational results suggest a positive feedback
mechanism in the tropical Pacific and Atlantic in which
the cross-South America zonal wind variability is cou-
pled to the SST gradient between the equatorial east-
ern Pacific and Atlantic (Fig. 9). Suppose that there is
a positive SST anomaly in the equatorial eastern Pacific
or a negative SST anomaly in the equatorial Atlantic.
The initial zonal SST gradient between the two equato-
rial ocean basins induces an east-to-west pressure gra-
dient in the atmospheric boundary layer (LINDZEN and
NIGAM, 1987), which results in equatorial easterly wind
anomalies across northern South America. The cross-
South America easterly wind anomalies extend eastward
to the equatorial Atlantic and cool the equatorial At-
lantic Ocean through oceanic dynamics (e.g., ZEBIAK,
1993; CARTON and HUANG, 1994) and then further en-
hance the initial inter-basin SST gradient. In the Pacific
side, the cross-South America easterly wind anomalies
(extending to the west coast of northern South Amer-
ica as shown in Fig. 5a) may increase lower (upper)
tropospheric convergence (divergence) in the equatorial
eastern/central Pacific, and thus enhance the anomalous
Walker circulation in the Pacific. The strengthening of
the anomalous Pacific Walker circulation, added to that
of the Bjerknes positive feedback within the Pacific, is
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Figure 8: Schematic diagram showing two anomalous Walker circu-
lations: The Pacific Walker cell and the Atlantic Walker cell.
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Figure 9: Schematic diagram showing that a positive feedback loop
involving the interaction between the inter-basin SST gradient and
overlying atmospheric flow across northern South America.

associated with an increase of SST in the equatorial east-
ern/central Pacific. This also seems to enhance the initial
inter-basin SST gradient. It thus suggests the existence
of a feedback loop that involves the interaction between
the inter-basin SST gradient and overlying atmospheric
flow across northern South America.

We have to point out that this data-inferred possible
feedback needs to be confirmed by using coupled ocean-
atmosphere models. However, as suggested by one re-
viewer, here we examine how the atmosphere responds
to SST anomalies of one ocean basin. Figure 10 shows
the AGCM responses of rainfall, surface wind, surface
pressure and 200-hPa velocity potential to a cold SST
anomaly in the tropical Atlantic similar to the pattern
shown in Fig. 1. The model results are consistent with
the above observational data and the proposed hypothe-
sis. The cold SST anomalies in the equatorial Atlantic
produce negative (positive) rainfall anomalies in the
equatorial Atlantic (eastern Pacific) and easterly wind
anomalies across ESA (Fig. 10a). Both surface pressure
and 200-hPa velocity potential show positive values in
the tropical Atlantic and negative values in the tropical
eastern Pacific (Figs. 10b and c). All of these are consis-
tent with that an inter-basin SST gradient can produce
an overlying atmospheric flow which can bridge the two
ocean basins.
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Figure 10: AGCM responses of (a) rainfall (mm/day) and surface
wind (m/s), (b) surface pressure (hPa) and (c) 200-hPa velocity
potential (105 m?/s) to a cold SST anomaly in the south tropical
Atlantic that is similar to the pattern shown in Fig. 1.

4 Summary

Among three of the tropical oceans, the vast tropical Pa-
cific Ocean hosts the largest interannual phenomenon
of ENSO whose influence spans the globe. Not surpris-
ingly, most of studies have been focused on the telecon-
nections of Pacific ENSO to the tropical Atlantic and
Indian Oceans during the past decades. Recently, some
studies have emphasized the potential teleconnections of
the tropical Atlantic to the tropical Indian and Pacific
Oceans (e.g., WANG, 2006; KUCHARSKI et al. 2007;
KUCHARSKI et al., 2008a; KUCHARSKI et al., 2009 and
LOSADA et al., 2009). Both observational data and nu-
merical model show that the tropical Atlantic Ocean can
teleconnect to the Indian basin influencing precipitation,
winds, SLP and SSTs. A warming (cooling) in the Gulf
of Guinea region forces a Gill-Matsuno-type quadrupole
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response with a low-level anticyclone (cyclone) located
over India that weakens (strengthens) the Indian mon-
soon circulation. Because of this relationship, the break-
down of the ENSO-Indian monsoon relation observed
in the last decades may be attributed to the interdecadal
variability of tropical Atlantic SSTs. Additional and new
analyses in section 2 further show that a warm (cold)
tropical Atlantic Ocean can induce a warm (cold) SSTs
in the Indian Ocean, especially along the coast of Africa
and in the western side of the Indian basin.

Observations support the notion that the tropical At-
lantic can influence the tropical Pacific Ocean via the
inter-basin SST gradient variability that is associated
with the Atlantic Walker circulation. Both the tropical
Pacific and Atlantic Oceans host an equatorial mode of
interannual variability called the Pacific El Nifio and
the Atlantic Nifio, respectively. Although the Pacific El
Nifio does not contemporaneously correlate with the At-
lantic Nifio, anomalous warming or cooling of the two
equatorial oceans can form an inter-basin SST gradient
variability that induces surface zonal wind anomalies
over equatorial South America and over some regions
of both ocean basins. The zonal wind anomalies act to
bridge the interaction of the two ocean basins, reinforc-
ing the inter-basin SST gradient through atmospheric
Walker circulations and oceanic dynamics. Thus, a pos-
itive feedback seems to exist for climate variability of
the tropical Pacific-Atlantic Oceans and atmosphere sys-
tem, in which the inter-basin SST gradient is coupled to
the overlying atmospheric wind. Rainfall responds to the
inter-basin SST gradient by showing an anti-symmetric
configuration between the two equatorial oceans, sug-
gesting that rainfall is sensitive to the equatorial inter-
basin SST gradient, regardless of which ocean is anoma-
lously warm or cold. An AGCM experiment, forced by
the tropical Atlantic SST anomalies, is consistent with
the data-inferred mechanisms described here. However,
the proposed feedback involved the interaction between
the equatorial Pacific and Atlantic Oceans needs to be
further investigated by using coupled ocean-atmosphere
models.
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