
Boreal spring Southern Hemisphere Annular Mode, Indian Ocean sea

surface temperature, and East Asian summer monsoon

Sulan Nan,1,2 Jianping Li,3 Xiaojun Yuan,4 and Ping Zhao1,2

Received 29 February 2008; revised 23 October 2008; accepted 3 November 2008; published 22 January 2009.

[1] The relationships among the boreal spring Southern Hemisphere Annular Mode
(SAM), the Indian Ocean (IO) sea surface temperature (SST), and East Asian summer
monsoon (EASM) are examined statistically in this paper. The variability of boreal spring
SAM is closely related to the IO SST. When the SAM is in its strong positive phase in
boreal spring, with low-pressure anomalies over the south pole and high-pressure
anomalies over middle latitudes, SST over the subtropics and middle latitudes of the South
Indian Ocean (SIO) increases, which persists into the summer. Following the positive SST
anomalies over the subtropics and midlatitudes of the SIO, SST in the equatorial Indian
Ocean and Bay of Bengal increases in summer. Moreover, the variability of SST in the
equatorial Indian Ocean and Bay of Bengal is closely related to EASM. When SST in the
equatorial Indian Ocean and Bay of Bengal increases, EASM tends to be weak. Therefore
the IO SST may play an important role bridging boreal spring SAM and EASM. The
atmospheric circulations and surface heat exchanges contribute to the SST anomalies in
the SIO. When the spring SAM is in its strong positive phases, the regional Ferrel Cell
weakens, and the anomalous upward motions at 20�S–30�S cause an increase of low
cloud cover and downward longwave radiation flux. The surface atmospheric circulations
also transport more (less) warmer (cooler) air from middle latitudes north of 50�S
(high latitudes south of 60�S) into 50�S–60�S and warm the air, which reduces the
temperature difference between the ocean and atmosphere and consequently reduces
sensible heat flux from the ocean to atmosphere. The increased downward longwave
radiation and decreased sensible heat are responsible for the SST increase in the SIO. The
atmospheric circulation and surface heat flux anomalies are of opposite signs following
the strong negative phases of SAM.
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1. Introduction

[2] The Southern Hemisphere Annular Mode (SAM),
referred to as Antarctic oscillation (AAO), is a pattern
which involves a zonally symmetric seesaw in sea level
pressure (SLP) and geopotential height between the south-
ern polar region and middle latitudes. It explains the greatest
proportion of the total variance of the Southern Hemisphere
(SH) monthly SLP, zonal wind and geopotential height
[Kidson, 1975; Rogers and van Loon, 1982; Gong and
Wang, 1999; Thompson and Wallace, 2000].
[3] Many studies have analyzed the relationship between

the SAM and climate variability in the SH. Van den Broeke

and Van Lipzig [2002] indicated that the anomaly of SAM
may change the winter tropospheric vertical and meridional
circulation and consequently surface air temperature in the
East Antarctica.Genthon et al. [2003] found the SAMsignal in
Antarctic precipitation anomalies. The SAM also may influ-
ence precipitation over southeastern SouthAmerica because of
the atmospheric circulation [Silvestri and Vera, 2003].
[4] The SAM variability not only has relation to the

climate systems at midlatitude–high latitudes of the SH
[e.g., Reason and Rouault, 2005; England et al., 2006;
Ummenhofer et al., 2008], but also the climate in the
Northern Hemisphere (NH). Studies [Nan and Li, 2003;
Gao et al., 2003] found that strong positive SAM events in
spring are followed by weak East Asian summer monsoon
(EASM); and vice versa. The interaction between sea
surface temperature (SST) in the Indian Ocean (IO) and
Asian summer monsoon has been examined extensively.
Numerical models indicated that the variability of Asian
summer monsoon is sensitive to the conditions of SST in the
tropical southern IO [Zhu and Houghton, 1996]. Terray et
al. [2003] pointed out that strong (weak) Indian summer
monsoons are preceded by significant positive (negative)
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SST anomalies in the southeastern subtropical IO during
boreal winter. Terray et al. [2005] further emphasized the
importance of the southern IO for an ENSO-monsoon
relationship. Kucharski et al. [2006] recently documented
that in decadal timescale, cold (warm) Indian equatorial
SST causes low-level divergence (convergence) that in turn
modifies the local Hadley circulation and strengthens
(weakens) the Indian monsoon circulation. These studies
all indicate that the IO SST plays an important role in the
variability of the Asian monsoon.
[5] The physical processes that link the IO SST variabil-

ity to atmospheric forcing have also been investigated. Klein
et al. [1999] pointed out that the warming of the IO surface
may have been partly a response to remote forcing from the
Pacific. During El Niño events, an anomalously warm SST
in the central-eastern Pacific reduces cloud cover over the
IO and allows in more solar radiation to warm the sea
surface. Reason et al. [2000] demonstrated that the changes
of wind in the IO affect SST through surface turbulent heat
fluxes. Fauchereau et al. [2003] showed the dipole-like

SST variability in the South Indian and South Atlantic
oceans in January–March. Hermes and Reason [2005]
further pointed out that latent heat fluxes, upwelling, and
Ekman heat transports associated with SAM and a wave
number 3 or 4 pattern contribute to the dipole-like SST
variability. The interaction of southern midlatitude zonal
winds and ocean was also verified in GCM simulations
[Watterson, 2000].
[6] Current studies on the subject mainly focus on the

tropical IO. This paper emphasizes the importance of SST
over the subtropics and middle latitudes of the Southern
IO. The relationship of the spring SAM and EASM is investi-
gated by analyzing the role of the IO SST in this teleconnection.
[7] Data sets and methods of analysis used in this study

are described in section 2. The relationships among the
boreal spring SAM, the IO SST and EASM are documented
in section 3. The connections among the SSTs in different
regions of the IO are examined in section 4. In section 5, we
investigate possible physical processes that are responsible
for connecting SST anomalies over the subtropics and

Figure 1. Composite differences in SST (�C) between the high and low spring (April–May) SAMI
cases in (a) spring (April–May) and (b) summer (June–August). The dark and light shaded areas are
significant at the 99% confidence level for positive and negative differences, respectively. The counter
interval is 0.2�C.
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