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Abstract A methodology is presented for making opti-
mum use of the global sea surface temperature (SST)
field for long lead prediction of the Indian summer
monsoon rainfall (ISMR). To avoid the node phase of
the biennial oscillation of El Nifio Southern Oscillation
(ENSO)-monsoon system and also to include the mul-
tiyear ENSO variability, the ISMR-SST relationship
was examined from three seasons lag prior to the start
of the monsoon season up to four years lag. First, a
correlation analysis is used to identify the regions and
seasonal lags for which SST is highly correlated with
ISMR. The correlation patterns show a slow and con-
sistent temporal evolution, suggesting the existence of
SST oscillations that produce significant correlation
even when no direct physical relationship between SST
and ISMR, at such long lags, is plausible. As a second
step, a strategy for selecting the best 14 predictors (hot
spots of the global oceans) is investigated. An experi-
mental prediction of ISMR is made using the SST
anomalies in these 14 hot spots. The prediction is
consistent for the 105 years (1875 to 1979) of the model
development and the 22 years (1980 to 2001) of the
model verification period (these last years were not in-
cluded in the correlation analysis or in the computation
of the regression model), The predicted values explain
about 80% of the observed variance of ISMR in the
model verification period. It is shown that, to a large
extent, the behavior of the ensuing ISMR can be de-
termined nine months in advance using SST only. The
consistent and skillful prediction for more than a cen-
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tury is not a product of chance, Thus the anomalously
strong and weak monsoon seasons are parts of longer
period and broader scale circulation patterns, which
result from interactions in the ocean-atmosphere cou-
pled system over many seasons in the past. It is argued
that despite the weakening of the ENSO-ISMR rela-
tionship in recent years, most of the variability of
ISMR can still be attributed to SST in a global per-
spective.

1 Introduction

The Indian summer monsoon is the major component of
the Asian summer monsoon. India receives about 80%
of its total annual rainfall during the summer monsoon
season, from June to September. Indian agriculture is
largely controlled by rainfall in this season. Small vari-
ations in the monsoon onset, in the spatio-temporal
variability during the season and in the seasonal mean
rainfall have a potential for significant economic and
social impacts. Therefore, accurate forecasting of all
India summer monsoon rainfall (ISMR) is beneficial to
more than a billion people and has profound influence
on agricultural planning and economic strategies of the
country (Swaminathan 1998).

Forecasting of any clmatic event requires the
knowledge of its spatial and temporal variability. The
yearly phenomenon of the monsoon occurs as a spec-
tacular change in convective activity, especially between
India and Australia. The Indian Ocean monsoon winds
blow from the southwest during summer (wet) and from
the northeast in winter (dry). This annual cycle of
monsoon exhibits variability on time scales ranging from
intraseasonal to decadal (Webster et al. 1998), as hap-
pens in most monsoon regions of the globe. It is well
known that, even during a particular monsoon season,
large-scale spatial and intraseasonal variability of the
monsoon rainfall over India is evident (Krishnamurthy



























