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The Indian summer monsoon rainfall 
(ISMR) has remained remarkably stable 
during the last 140 years. The ISMR has 
varied between 70% and 120% of the 
long-term average of about 85 cm. Mon-
soon seasons with ISMR of less than 
90% of the average are considered to be 
droughts, whereas those with more than 
110% rainfall are considered as excess 
rainfall seasons. Although the variation 
is not large (Figure 1), it has a substan-
tive impact on our agriculture and gross 
domestic product (GDP)1. We, therefore, 
can never take the monsoon for granted 
and every April/May with the summer 
heat scorching the countryside, we start 
worrying about the upcoming monsoon. 
In April 2012, a paper on monsoon pre-
diction by Delsole and Shukla2 generated 
considerable interest3. It was shown that 
the skill of predicting ISMR with cou-
pled atmosphere–ocean models initial-
ized in May is statistically significant 
and is much higher than empirical pre-
diction from sea surface temperatures 
(SSTs) of May. Does this imply that  
dynamical models are getting better than 
statistical models? We consider here the 
implications of this paper and recent  
developments in monsoon prediction. 
 Monsoon is predicted either by statis-
tical models based on analysis of histori-
cal data to determine the relationship of 
ISMR, to a variety of atmospheric and 
oceanic variables over different parts of 
the world prior to the summer monsoon 
season, or by dynamical models based on 
the laws of physics. During 1932–2004, 
the operational statistical models evolved 
with changes in the predictors and finally 
use of power regression instead of linear 
regression, but the forecast skill did not 
improve much4. However, nonlinear 
models developed recently have shown 
very high skill in the prediction of 
ISMR5,6. 
 With the rapid development of com-
plex models of the atmosphere and cou-
pled atmosphere–ocean system, and 
enhanced availability of computer power, 
in the last decade, it became possible to 
generate predictions of the monsoon with 
these dynamical models. These predic-
tions are generated by integrating the 

governing equations from an initial state 
prior to the season. For many of us, dy-
namical models, based on laws of phys-
ics, are more appealing than statistical 
models which are based on the past be-
haviour of the system. However, until 
2005, the skill of monsoon prediction by 
the dynamical models was too poor4,7 for 
them to be useful. Since then, there has 
been considerable improvement in the 
skill of the dynamical models2,8. 
 As the dynamical models are based on 
laws of physics, understanding why there 
are many models and how the models 
can be improved is important. The reso-
lution of dynamical models is coarse and 
hence they do not model clouds from 
first principles. The relationship between 
clouds and other atmospheric parameters 
(called convective parameterization) is 
different in different models. In addition, 
parameterization of the energy fluxes be-
tween the interface of the atmosphere 
and ocean/land and land surface proc-
esses also vary. These parameterizations 
are empirical (with several tuneable  
parameters) and can be made more accu-
rate when there are more field observa-
tions. During the last 40 years, extensive 
observations about clouds have been  
obtained from satellites and hence con-
vective parameterizations have improved. 
When important facets of the phenome-
non of interest are elucidated and theo-
retical studies lead to more insight into 
the underlying mechanisms, efforts are 
made to tune the models to represent the 

features/mechanisms realistically. In this 
way, the models can be developed to a 
level at which they yield better simula-
tion of the phenomenon and higher skill 
in prediction. 
 The first breakthrough in seasonal 
forecasting over the tropics was the de-
velopment of models that could simulate 
and predict El Niño Southern Oscillation 
(ENSO). This was achieved because of 
the elucidation of the nature of ENSO 
with data from a new observational sys-
tem of buoys over the equatorial Pacific 
and satellite data, and unravelling of the 
underlying mechanisms9–11. As there is a 
strong link between the Indian monsoon 
and ENSO with a high propensity of 
droughts during the warm phase (El 
Niño)12,13, it was expected that skillful 
predictions of ISMR would be generated 
by dynamical models. However, until re-
cently, the skill of prediction by the  
atmospheric or coupled general circula-
tion models (AGCMs and CGCMs respec-
tively) was poor. For example, almost all 
AGCMs in an international Atmospheric 
Model Inter-comparison project (AMIP) 
simulated deficit ISMR for the excess 
monsoon season of 1994 (Figure 2 a). 
Yet, almost all AGCMs could simulate at 
least the correct sign of the ISMR anomaly 
(whether deficit or excess) for the droughts 
or excess monsoon seasons associated 
with ENSO (e.g. 1988, Figure 2 b). In 
addition to variations in ENSO, varia-
tions in SST of the Indian Ocean and  
the winds and rainfall over this ocean 

 
Figure 1. Anomalies (difference between the actual and the average) of the observed 
Indian summer monsoon rainfall (ISMR) expressed as a percentage of the mean ISMR, 
during 1960–2011. 
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influence ISMR. The east–west, cold–
warm SST anomaly that develop over the 
equatorial Indian ocean is called Indian 
Ocean Dipole (IOD)14. A strong favour-
able phase of IOD played an important 
role in producing excess rainfall in 1994 
and in counterbalancing the adverse im-
pact of ENSO in 1997 (ref. 15). Hence, it 
was suggested that the poor skill of the 
simulation of ISMR by AGCMs could be 
attributed to the poor skill in simulating 
the monsoon–IOD relationship16. 

 In order to estimate the skill of cou-
pled atmosphere–ocean models, several 
models have been run for 1960–2005  
under the European Union project 
ENSEMBLES, with initial conditions 
specified from the observations for each 
year to generate ‘retrospective’ predic-
tions, following a similar exercise con-
ducted earlier under the DEMETER 
project for 1960–2001. Analysis of 
DEMETER predictions by Preethi et al.7 
showed that the skill in prediction of 

ISMR as well as IOD was rather poor. 
The analysis of predictions of the 
ENSEMBLES project by Rajeevan et al.8 
showed that the correlation between the 
ISMR predicted by the multi-model en-
semble and the observed ISMR was 0.45 
and much larger than the correlation co-
efficient of only 0.28 for 1960–2001 for 
the multi-model ensemble of DEMETER. 
It is important to note that although  
there has been improvement in the skill 
of the climate models, the correlation of 
the predictions of the multi-model en-
semble with observation of 0.45 implies 
that only about 20% of the observed vari-
ance is explained. It was found that most 
of the coupled models capture the mon-
soon–ENSO interaction, but not the 
monsoon–IOD interaction. Hence, most 
models simulate drought condition in as-
sociation with the strong El Niño of 1997 
when the ISMR was normal. 
 Delsole and Shukla2 have also analy-
sed retrospective predictions from the 
ENSEMBLES project and shown that the 
skill of the models initialized in May,  
in predicting ISMR, is statistically sig-
nificant. They have further shown that 
the correlation of the predictions of the 
multi-model ensemble with observations 
for 1960–2005 is much higher than the 
correlation with observations (0.15–0.21) 
of statistical models derived from the 
SSTs of May for this period. A major 
conclusion of the study is the attribution 
of the superior skill of the dynamical 
models relative to statistical models 
based on May SSTs, to more skillful pre-
dictions of June–September SSTs by the 
climate models. However, it is not clear 
that this superior skill in prediction of 
the monsoon season SSTs is the most 
important factor leading to the relatively 
high skill of the coupled models for mon-
soon prediction. If that were so, then one 
would have expected atmospheric models 
forced with observed SSTs to have a 
very high skill in simulating the interan-
nual variation of ISMR, which is con-
trary to the poor skill revealed in the 
assessment of such simulations in a large 
number of studies17–19.  

Dynamical and statistical models 

It should be noted that Delsole and 
Shukla’s2 conclusion regarding superior-
ity of dynamical models is based on 
comparison with one specific set of the 
statistical models, viz. those based only 

 
Figure 2. Observed and simulated ISMR anomalies by the AGCMs in AMIP for 1994 
(a) and 1988 (b) respectively. 
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on the May SSTs. Rajeevan et al.5 have 
developed new statistical models based 
on the ensemble multiple linear regres-
sion and projection pursuit regression 
techniques, which used new methods of 
predictor selection and model develop-
ment. The model performance was 
evaluated for the period from 1981 to 
2004, by sliding the model training  
period with a window length of 23 years. 
The correlation of ISMR with the predic-
tions of these models is very high, rang-
ing from 0.78 to 0.88 (explaining about 
60% of the variance), which is much 
higher than that with the prediction by 
dynamical models (which is around 0.46 
or less for the different models/ensembles 
of models, i.e. explaining about 21% of 
the variance or less). The performance of 
dynamical models in predicting the  
recent droughts has not been satisfactory. 
Thus, none of the dynamical models pre-
dicted deficit rainfall for the severe 
droughts of 2002 (ref. 4) and 2009 (ref. 
20). However, a statistical model based 
on SSTs developed by Sahai et al.21 
could predict deficit in 2002 and the 
multi-model ensemble of statistical models 
developed by Rajeevan et al.5 predicted a 
drought for 2009. A new statistical model 
based only on the past rainfall data was 
recently proposed by Iyengar and 
Raghukanth6. This model was trained us-
ing ISMR data for the period 1872–1990 
and tested for the period 1991–2002. 
They showed that the correlation for the 
forecast period 1991–2002 was 0.91. It 
appears, therefore, that operational fore-
casts will have to be based primarily on 
statistical model predictions until the 
skill of dynamical models improves to a 
level which is higher than that of the best 
statistical models. 
 For the summer monsoon season of  
2012, the India Meteorological Depart-
ment has predicted ISMR to be 96% of 
the average22 on the basis of statistical 
models, whereas the Indian Institute of 
Tropical Meteorology has predicted 104% 

on the basis of a state-of-the-art coupled 
ocean-atmosphere model23. The perform-
ance of the monsoon in the remaining 
half of the season, will determine which 
of the two predictions turns out to be 
closer to the observed. 
 We do expect the skill of dynamical 
models in simulating the interannual 
variation of the Indian summer monsoon 
to improve in the near future. For this, a 
focused effort on improving the skill of 
the models in simulating the important 
links of the monsoon to events over the 
Indian and Pacific Ocean is essential. For 
improving the parameterizations, data 
from satellites, special observational 
studies of the Indian Climate Research 
Programme, new platforms over the  
Indian seas such as buoys and ARGO 
floats have to be used. For example, the 
observations made during the Bay of 
Bengal experiment (BOBMEX)24 revealed 
that the relationship of the evaporation 
over the Bay of Bengal to the surface 
wind was different from that over other 
tropical oceans such as the West Pacific. 
This is yet to be incorporated in the 
parameterization. The national monsoon 
mission provides a unique opportunity 
for achieving this in a time-bound manner. 
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