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[1] The effect of the Indian Ocean on El Nifio/La Nifa life
cycles has been studied using 200-yrs simulation data of a
coupled GCM. The results show that the interactive feedback
between the ENSO and the Indian Ocean holds the key to the
rapid transition to an opposite phase. This remote impact of
the Indian Ocean SST anomaly is linked to the change of zonal
wind stress in the western Pacific, which leads to a rapid
demise of El Nino/La Nina. Without the involvement of the
Indian Ocean, the phase transition is much slower. This role of
the ENSO—Indian Ocean coupling on ENSO transition is
consistent with that derived from the observational analysis.
Citation: Kug, J.-S., T. Li, S.-I. An, L-S. Kang, J.-J. Luo,
S. Masson, and T. Yamagata (2006), Role of the ENSO-Indian
Ocean coupling on ENSO variability in a coupled GCM, Geophys.
Res. Lett., 33,1.09710, doi:10.1029/2005GL024916.

1. Introduction

[2] A number of studies have focused on the impact of
ENSO on the Indian Ocean [e.g., Klein et al., 1999; Reason
et al., 2000; Venzke et al., 2000; Xie et al., 2002; Lau and
Nath, 2003; Li et al., 2003]. However, relatively few studies
have been devoted to the impact of the Indian Ocean (10)
SST on the ENSO. Recently, though, several investigators
have paid special attention to a possible role of Indian
Ocean variability on ENSO variability [e.g., Yu ef al., 2002;
Wu and Kirtman, 2004; Annamalai et al., 2005; Kug et al.,
2005; Kug and Kang, 2006].

[3] In particular, Kug and Kang [2006, hereinafter re-
ferred to as KKO06] emphasized an interactive feedback
between ENSO and the Indian Ocean. Their interactive
process can be described as follows. During an El Nifio-
developing summer, El Nifio -induced anomalous Walker
circulation brings initial SST warming over the western 10.
The anomalous warming enhances anomalous easterlies in
the equatorial IO, which are then able to generate additional
warming in the western 10 through various positive air-sea
feedback processes [Webster et al., 1999; Saji et al., 1999;
Li et al., 2003]. As a result, the Indian Ocean SST further
develops during the El Nifio-developing autumn. At that
time, however, the anomalous easterlies associated with the
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warming are only confined to the 10, and it has little impact
on the tropical Pacific. During the boreal winter when the El
Niflo is in its mature phase, the anomalous warming extends
eastward to cover the entire tropical 10, and the anomalous
easterlies extend into the Western Pacific (WP). The anom-
alous easterlies in the WP generate oceanic upwelling
Kelvin waves, which propagate eastward and accelerate
the decay of the warm SST in the eastern Pacific. As a
result, the El Nifio is rapidly terminated, and a La Nifia
develops within one year from the El Nifio mature phase.
They concluded that the interaction between ENSO and the
IO may generate a biennial tendency for ENSO.

[4] The samples used for the composite analysis by KK06
are rather limited, due to the relatively short length of the
observational data. In this study, we intended to analyze a
longer (200-yr) data set obtained from the simulation of a
SINTEX-F (Scale INTeraction EXperiment-FRCGC) cou-
pled GCM in order to verify the ENSO-IO feedback hypoth-
esis. It turns out that the feedback process between ENSO and
the IO is quite plausible not only from observations but also
from the state-of-the-art coupled GCM.

2. Model

[5] The model used in this study is the SINTEX-F1. For
detailed descriptions of the coupled GCM, readers are
referred to Luo et al. [2003, 2005]. The ocean component
of the coupled GCM is the reference version 8.2 of OPA
with the ORCA2 configuration. The model longitude-lati-
tude resolution is 2° x 2° cos (latitude) with meridional
resolution increased to 0.5° near the equator. There are 31
vertical levels with 19 of which lie in the top 400 meters.
The atmospheric component is the latest version of
ECHAM4 with a high horizontal resolution (T106) of about
1.1° x 1.1°. The coupling information without flux correc-
tion is exchanged every two hours between the OPA and
ECHAM4 models by means of an OASIS 2.4 coupler. The
CGCM was run for 220 years. In this study, we use the last
200 years’ outputs as a control run.

[6] In order to isolate a role of the Indian Ocean on the
Pacific variability, we used the “Decoupled Indian Ocean
Run”. In this run, air-sea coupled process is decoupled over
the Indian Ocean, and the atmosphere feels climatological
SST from the control run. The “Decoupled Indian Ocean
Run” was integrated for 70 years. Details are referred to S.
K. Behera et al. (A CGCM study on the interaction between
IOD and ENSO, submitted to Journal of Climate, 2006).

3. Results

[7] Firstly, we defined El Nifio and La Nifia events from
the 200-yrs model simulation. The El Nifio (La Nifia) events
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