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ABSTRACT

An atmospheric general circulation model (AGCM) is used to examine the role of Indian Ocean sea
surface temperature (SST) anomalies in regional climate variability. In particular, the authors focus on the
effect of the basinwide warming that occurs during December through May after the mature phase of El
Niño. To elucidate the relative importance of local and remote forcing, model solutions were sought for
experiments where SST anomalies are inserted in the (i) tropical Indo-Pacific Oceans, (ii) tropical Pacific
Ocean, and (iii) tropical Indian Ocean. A 10-member ensemble simulation is carried out for each of the
three forcing scenarios.

The model solutions demonstrate that precipitation variations over the southwest Indian Ocean are tied
to local SST anomalies and are highly reproducible. Changes in the Indian Ocean–Walker circulation
suppress precipitation over the tropical west Pacific–Maritime Continent, contributing to the development
of a low-level anticyclone over the Philippine and South China Seas. Our model results indicate that more
than 50% of the total precipitation anomalies over the tropical west Pacific–Maritime Continent is forced
by remote Indian Ocean SST anomalies, offering an additional mechanism for the Philippine Sea anticy-
clone apart from Pacific SST. This anticyclone increases precipitation along the East Asian winter monsoon
front from December to May. The anomalous subsidence over the Maritime Continent in conjunction with
persistent anomalies of SST and precipitation over the Indian Ocean in spring prevent the northwestward
migration of the ITCZ and the associated deep moist layer, causing a significant delay in the Indian summer
monsoon onset in June by 6–7 days. At time scales of 5 days, however, the reproducibility of the northward
progression of the ITCZ during the onset is low.

Results indicate that Indian Ocean SST anomalies during December through May that develop in re-
sponse to both atmospheric and oceanic processes to El Niño need to be considered for a complete
understanding of regional climate variability, particularly around the Indian Ocean rim.

1. Introduction

Many observational studies show that the El Niño–
Southern Oscillation (ENSO) induces substantial sea
surface temperature (SST) variations in other tropical

oceans. For example, the Indian Ocean witnesses a ba-
sinwide warming in boreal winter that peaks in the fol-
lowing spring after the mature phase of El Niño (e.g.,
Nigam and Shen 1993). Klein et al. (1999) and Murtu-
gudde and Busalacchi (1999) find that surface heat flux
is the major mechanism for ENSO-induced warming in
the north Indian Ocean. In particular, Klein et al.
(1999) showed that changes in atmospheric circulation
accompanying El Niño induce changes in cloud cover
and evaporation that, in turn, increase the net heat flux
entering the remote oceans—the concept of an “atmo-
spheric bridge” that connects SST anomalies in the cen-
tral equatorial Pacific to those in remote tropical
oceans. That mechanism, however, does not explain the
SST fluctuations over the southwest Indian Ocean
(SWIO) where the anomalies typically reach a maxi-
mum (Klein et al. 1999). Xie et al. (2002) and Huang
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and Kinter (2002) demonstrated that much of SWIO
SST variability is not locally forced but is due instead to
oceanic Rossby waves that propagate from the east.
They showed that such a subsurface effect on SST in
the SWIO is made possible by the simultaneous pres-
ence of mean upwelling and a shallow thermocline
dome and further demonstrated that ENSO is the dom-
inant forcing for the SWIO thermocline variability. Xie
et al. (2002) noted that, when an El Niño event occurs,
anomalous easterlies appear in the equatorial Indian
Ocean, forcing a westward-propagating downwelling
Rossby wave in the southern Indian Ocean. In sum-
mary, both through atmospheric and oceanic processes,
El Niño accounts for the basinwide SST variations ob-
served over the tropical Indian Ocean (TIO). Recently,
there is renewed interest in all aspects of the coupled
system in the tropical Indian Ocean and its role in the
regional climate variability (Annamalai and Murtu-
gudde 2004). The present study explores the possible
role of the basinwide warming in local and remote ef-
fects on the Asian monsoons.

Figure 1 shows the simultaneous correlation between
thermocline depth (h) and SST variations during boreal
winter and the following spring (December–May), with
h represented by the 20°C isotherm depth. The high
local correlation confirms the results of Xie et al. (2002)
and Huang and Kinter (2002) that subsurface variabil-
ity exerts a strong influence on SST over SWIO. By
analyzing the number of tropical cyclone days during
December–April for the period 1951–98, Xie et al.

(2002) noted that there are four cyclone days in a year
when h is abnormally deep as opposed to only one in a
shallow year. Apart from this effect on local climate
and due to its persistence for about 6 months, SWIO
SST anomalies may influence climate over remote re-
gions—a subject of the present investigation.

During boreal winter of El Niño years, negative
convective anomalies over the tropical west Pacific
(TWP)–Maritime Continent force an anticyclone in the
lower atmosphere over the South China Sea–Philippine
Sea region that in turn influences the East Asian winter
monsoon (EAWM) (Wang et al. 2000). Observations
show that precipitation anomalies along the EAWM
front and the anomalous anticyclone over the Philip-
pine Sea persist from boreal winter into the following
spring (Harrison and Larkin 1996; Wang et al. 2000).
Using an atmospheric general circulation model
(AGCM), Wang et al. (2000) showed that the Philip-
pine Sea anticyclone is forced by El Niño and main-
tained by local air–sea interactions. Lau and Nath
(2000) conducted similar sensitivity experiments with a
different AGCM and concluded that the existence of
the Philippine Sea anticyclone is largely due to tropical
Pacific SST anomalies. The AGCM studies of Wang et
al. (2000) and Lau and Nath (2000), however, did not
consider the effect of Indian Ocean SST anomalies.

ENSO-induced SST anomalies over the Indian
Ocean provide a mechanism for the delayed atmo-
spheric response to ENSO after its mature phase. Using
a simple linear model forced by Indian Ocean SST

FIG. 1. Simultaneous correlation between anomalous SST and thermocline depth during Dec–May.
The depth of the 20°C isotherm represents the thermocline.
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