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The article presents a methodology for examining future
rainfall scenario using fuzzy clustering technique from
the General Circulation Model (GCM) projections.
GCMs might capture large-scale circulation patterns
and correctly model smoothly varying fields such as
surface pressure, but it is extremely unlikely that these
models properly reproduce nonsmooth fields such as
precipitation. The model developed in the present study
is a linear regression model for estimation of rainfall,
using GCM outputs of mean sea-level pressure and
geopotential height as explanatory variables/regressors.
To reduce the dimensionality of the dataset, the Princi-
pal Component Analysis (PCA) is used. Fuzzy clustering
technique is applied to classify the principal components
identified by the PCA and the fuzzy membership val-
ues are used in the regression model, with an assumption
that the effects of circulation patterns on precipitation
in different clusters are different. The regression model
is then modified with an appropriate seasonality term.
A major advantage of the proposed methodology is
that while being computationally simple, it can model
rainfall with a high goodness-of-fit (R®) value. The
methodology is applied to forecast monthly rainfall over
Orissa.

Keywords: Fuzzy clustering, General Circulation Model,
Orissa, Principal Component Analysis, rainfall.

GENERAL Circulation Models (GCMs) are tools designed to
simulate time series of climate variables globally, accounting
for effects of greenhouse gases (GHGs) in the atmosphere'.
They attempt to represent the physical processes in the
atmosphere, ocean, cryosphere and land surface. GCMs are
currently the most credible tools available for simulating
the response of the global climate system to increasing
greenhouse gas concentrations, and to provide estimates of
climate variables (e.g. air temperature, precipitation, wind
speed, pressure, etc.) on a global scale. They are good for the
prediction of large-scale circulation patterns, but unfortunately
precipitation, which is the main input in hydrologic models,
cannot be well modelled by GCMs”. Another drawback of
GCMs is that the spatial scale on which a GCM can operate
(e.g. 3.75° long. x 3.75° lat. for Coupled Global Climate
Model (CGCM2)) is coarse compared to that of the hydro-
logical process (e.g. precipitation in a region, streamflow
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in a river, etc.) to be modelled in the climate change impact
assessment studies'. Methodologies to model the hydrologic
variables (e.g. precipitation) at a smaller scale based on
large-scale GCM outputs are known as downscaling. They
include dynamic downscaling, which uses complex algo-
rithms at a fine grid-scale (typically of order of 50 km x
50 km) describing atmospheric process nested within the
GCM outputs’ (commonly known as Limited Area Models
or Regional Climate Models (RCM)) and statistical down-
scaling, that produces future scenarios based on statistical
relationship between large-scale climate features and hydro-
logic variables like precipitation®’. The assumption of
statistical downscaling is that there are certain physical
relationships underlying the statistical relationships devel-
oped, and these physical relationships hold, regardless of
whether the model simulation is a control (stationary) experi-
ment or an experiment incorporating changed climate®. Com-
pared to dynamic downscaling, statistical downscaling has
the advantage of being computationally simple and easily
adjusted to new areas. It requires few parameters and this
makes it attractive for many hydrological applications’. A
comparative study of statistical and dynamic downscaling
may be found in Murphy®. Detailed discussions on different
models used for downscaling GCM outputs may be found in
Prudhomme et al.’. A brief overview of statistical down-
scaling models developed earlier and used to study climate
change impact on hydrology is now presented.

Models are available on downscaling based on classifi-
cation of circulation patterns (CP) and using this classi-
fied CP in estimation of precipitation. Bardossy ef al.'’ used a
fuzzy rule-based technique for classification of CP into
different states. Stochastic models such as Markov chains
may be used to model rainfall from different states of classi-
fied circulation patterns'"'>. Semi-Markov chain was used
by Bardossy and Plate" to model daily rainfall incorpo-
rating duration of the state of CP from daily GCM outputs.
Hughes er al."* used Classification and Regression Tree
(CART) to classify the principal components obtained from
CP into different weather states. Hughes and Guttorp"
have used Nonhomogeneous Hidden Markov Model (NHMM)
to downscale CP, as obtained from GCM. The underlying
feature of NHMM is the hypothesis of an unobserved weather
state which transcends the differences in scales between
the two processes, circulation patterns and precipitation.
The weather state is not explicitly defined a priori; rather,
the model attempts to find distinctive patterns in the at-
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