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Abstract. Recent studies based on observed climatic data in-
dicate weakening of the relationship between El Nifio-
Southen Oscillation (ENSO) and Indian summer monsoon
rainfall, possibly due to global warming, Transient climate
change simulations of a coupled ocean-atmosphere GCM
(ECHAMUOPYCD project a change towards enhanced
ENSO activities in the tropical Pacific, as well as increase in
mean monsoon rainfall and vanability over India. However,
the interannual correlations between the two are strong
throughout the 240 year simulation. Analysis of monsoon
viz-a-viz ENSO in the model simulations suggest a dimin-
ished impact of warm ENSO (El Nifio) events on monsoon,
while the impact of cold ENSO (La Nifia) events remains un-
changed in the scenario. Anomalous warming over the Eura-
sian landmass as well as enhanced moisture conditions over
the Indian monsoon region in the global warming scenario
have possibly contributed to the weakening of the impact of
warm ENSO events on monsoon.

Introductlon

ElNlﬁo—SoulhmnOSedlauon(ENSO)ukmwntobea
strong large-scale forcing for the interannual variability of
monsoon rainfall (drought conditions over India accompany
warm ENSO.events mdvicemsa) However, in the recent
past there were two major ENSO events (the longest 1991-
1995 and the strongest 1997) but none was accompanied by
large-scale drought conditions over India. Thus the climate
during the 1990's attracted great attention towards possible
changes in ENSO-monsoon association.

The ENSO-monsoon teleconnections discussed in several
studies (Pant and Parthasarathy, 1981; Rasmusson and Car-
penter, 1983), involve significant simultaneous relationship
between monsoon rainfall and various ENSO indices. Precur-
sors of ENSO evolution have been widely used as predictors
for seasonal forecasting of monsoon rainfall over India
(Krishna Kumar ef al., 1995). However, there are evidences
of considerable secular variations in ENSO-monsoon associa-
tion possibly due to (i) epochal vanations in monsoon rainfall
(Kripalani and Kulkarni, 1997) and (i) changes in the ENSO
characlenstics (Parthasarathy ef al., 1991; Krishna Kumar ef
al., 1999). Krshna Kumar ef al. (1999b) provide observa-
tional evidence indicating the possible role of global warming
in the weakening of ENSO-monsoon rclauonshlp In recent
decades.

Meehl and Washtngtorl (1996) h,a\e shown in a simulation
study that increasing concentration of atmospheric CO, leads
to increase in sea surface lemperature (SST) via cloud cover
and.cloud albedo feedback. This warming is grealesl easl of
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180° longitude in the tropical Pacific accompanied by shifis in
large-scale rainfall and circulation. These anomalies are re-
ported to resemble some aspects of El Nifio, particularly the
events of the 1990's. Transient climate change simulations of
coupled Ocean-Atmosphere  General Circulation  Model
(ECHAM4/OPYC3) project a change towards an El Nino-like
mean SST state with increased variability leading to increased
number of extremes, with a strong skewness towards cold
events (Timmermann ef al., 1999).

There have been several model-based studies showing in-
tensification of monsoon rainfall in response to increasing
concentration of atmospheric CO;. Zhao and Kellog (1988)
compared the response of monsoon to a doubling of CO, in
five coupled models, and concluded that wetter summer con-
ditions were likely to occur over India and south-east Asia.
Using a coupled model Meehl and Washington (1993) re-
ported an increase in the mean as well as the variability of In-
dian summer monsoon rainfall under doubled CO, conditions,
and attributed it to stronger warming of land compared to the
ocean. In a transient climate change simulation, Bhaskaran et
al. (1995) found intensification of monsoon along with a
northward shift'in the monsoon circulation, which was also
partly attributed to greater warming of land compared to
ocean. Using ECHAM4/OPYC3 climate change simulations,
Hu et al. (2000) have reported an intensification of mean
monsoon rainfall and variability. In some studies using tran-
sient (Kitoh ef al., 1997) and time-slice (Douville ef al., 2000)
climate change experiments, an intensification of monsoon
rainfall was noted to be associated with greenhouse warming,
despite weakening of winds. Douville ef al. (2000) argue that
this apparent paradox may be mainly due to increased atmos-
pheric moisture in the warming scenario.

The present study examines the impact of increasing
greenhouse gas concentration on ENSO-monsoon association,
using the transient climate change simulations of coupled at-
mosphere-occan GCM ECHAM4/0OPYC3 of Max-Planck-
Institute fur Meteorologie. (MPI), Hamburg, Germany (re-
ferred 1o as MPI model hereafler). Several observational
studies have indicated that the correlation between the all-
India monsoon rainfall and Nifio3 (5°S - 5°N, 150°W - 90°W)
SST is concurrent and even follows the monsoon scason
(Krishna Kumar ef al, 1995), atlaining a peak during the
autumn (SON) season. Keeping this in view, the present
study uses the relation between Nifio3 surface air tempera-

tures (SON) and monsoon rainfall to represent ENSO-
monsoon associalion.

The Transient Climate Change Experiments of
MPI Model.

The climale change experiments of the MPI model (Ro-
eckner ef al., 1999) include a multi-century control integration
(CTL) with a constant atmospheric forcing (CO,, CH, and
N,O fixed at the observed 1990 values), climatological aero-
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