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GLOBAL CLIMATE MODEL:
A COMPREHENSIVE TOOL IN CLIMATE
CHANGE IMPACT STUDIES

ABSTRACT. There is growing concern, how and to what extent future changes in climate
will affect human society and natural environments. Continuous emissions of Green House
Gasses (GHGs) at or above current rates will cause further warming. This, in turn, may modify
global climate system during 21°% century that very likely would have larger impacts than
those observed during 20t century. At present, Global Climate Models (GCMs) are only the
most reliable tools available for studying behaviour of the climate system. This paper presents
a comprehensive review of GCMs including their development and applications in climate
change impacts studies. Following a discussion of the limitations of GCMs at regional and local
scales, different approaches of downscaling are discussed in detail.
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INTRODUCTION

Significant increase in concentration of Green
House Gases (GHGs) i.e. carbon dioxide (CO,),
methane (CH,) and nitrous oxide (N,O) and
aerosols in the Earth's atmosphere was
found in Post-Industrial Revolution era due to
burning of fossil fuels, deforestation and land
use practices [Loaiciga et al, 1996]. In 1750
AD, the concentrations of CO,, CH, and N,O
were 280 ppm, 715 ppb and 270 ppb whereas
in 2005, these were 379 ppm, 1774 ppb and
319 ppb respectively. The increase in GHGs
occurred more rapidly after 1950s as 70% of
such increase is reported in between 1970 to
2004. The increased concentrations of GHGs in
atmosphere have altered global energy balance
and resulted into warming of the atmosphere.
This in turn raised surface temperature and
attributed to climate change [IPCC, 2007].

Natural resources and ecological resources
of the Earth including human are greatly

affected by climate change occurred in the
recent past [Kislov et al, 2009]. It not only
altered phenological development of flora
but also caused extinctions of several species
of flora and fauna. However, some species
are still in danger. According to Hartmann
et al [2013] human society witnessed huge
loss of lives, mental and emotional distress,
extensive damages to crops and properties
due to changes in key climatic variables and
related phenomenon.

There is growing concern, how and to what
extent future changes in climate will affect
human society and natural environments.
Definitely, continuous GHGs emissions at
or above current rates will cause further
warming. This, in turn, may modify global
climate system during 21°t century that very
likely would have larger impacts than those
observed during 20t century. Global Climate
Models (GCMs) sometimes also referred as
General Circulation Models or coupled
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Atmosphere Ocean Global Climate Models
(AOGCMs) are currently the most reliable tools
available for studying behaviour of the climate
system, its components and their interactions
and for deriving projections of meteorological
variables [Hewitson and Crane, 1996; Solaiman,
2011]. These models are based on physical
laws of radiative transfer and thermodynamic.
They are run for accounting effect of GHGs
and aerosols in the atmosphere and used to
investigate anticipated behaviour of complex
atmosphere-land-ocean systems under
changing climatic conditions.

This paper presents an overview of GCMs
in climate change impacts studies. The
origin and stages in development of GCMs
is described in section 2. Section 3 starts
with the applications of GCMs in climate
change studies including their limitations.
Need of downscaling along with different
downscaling techniques is addressed in
section 4. Conclusion drawn from this study
is presented in section 5 respectively.

ORIGIN AND STAGES IN DEVELOPMENT
OF GCMS

The first GCMs developed in the 1960s
based on work of Phillips (1956) and many
others were simple Atmospheric Global
Climate Models (AGCMs) [Barry and Carleton,
2001]. They were used to simulate average
synoptic-scale (i.e. 10%=10° km? spatial
scale) atmospheric circulation patterns for
specified external forcing conditions. The
growing computational power of digital
computers along with improved algorithms
and understanding of the climate system has
notably enhanced the modelling capability
of GCMs. The chronological developments
of GCMs are illustrated in Fig. 1. During mid
1980s, atmospheric and land components of
the climate system were integrated in GCMs.
Similar to AGCMs, Oceanic Global Climate
Models (OGCMs) were also developed during
this period. The late 1990s was an important
phase in the history of GCMs where AGCMs
and OGCMs were coupled and complex
coupled Atmosphere Ocean Global Climate

Models (AOGCMs) or simply abbreviated as
GCMs came into picture. Incorporating all
components of climate systems and their
feedback interactions in GCMs have always
been a challenge however, to the some
extent these problems are solved in present
days GCMs [IPCC, 2001]. They are designed
to incorporate complex biogeochemical
feedbacks (for example, carbon cycle, sulphate
aerosols, non sulphate aerosols etc.) which
determine the atmospheric composition and
the nature of the land vegetation in addition
to the major components (atmosphere, land,
ocean, cryosphere and biosphere) of the
climate systems.

AGCMs which explicitly account dynamical
processes of the atmosphere simulate
atmospheric processes in three dimensions
(3D). Fundamental physical laws; conservation
of energy, mass, and momentum are used
to depict behaviour of the atmosphere.
This includes derivation of a series of non-
linear prognostic equations that are solved
to obtain a trajectory of the global climate
compatible with the external forcings under
given initial conditions [Barry and Carleton,
2001]. The earth's surface (globe) is divided
into a series of grid boxes (1° to 4°), extending
vertically into the atmosphere. The size and
number of the grid boxes are limited by
the amount of computer power available
and the time period over which the model
is integrated [Hartmann, 1994]. Further,
atmosphere is divided into different vertical
layers (commonly 10-20) based on height
or pressure levels with more levels near
the earth’s surface. Equations are solved at
each grid point and at each vertical level at
a preset time interval (typically 20-30 min)
with vertical and horizontal exchanges of
energy, mass, and momentum computed for
all points at each time interval [Bradley, 1999].

There are some physical processes often
called sub-grid scale processes (e.g. cumulus
convection, surface heat and moisture fluxes,
and terrain-induced vertical motion) occur at
scales much smaller than the grid resolution
and so cannot be explicitly simulated
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Fig. 1. Chronological development in Global Climate Models [IPCC, 2001]

[Hartmann, 19941. Further, these unresolved
sub-grid scale processes or phenomenon are
parameterized accounting knowledge of the
state of the atmosphere at the grid scale by
means of simple mathematical relationships
[McGuffie and Henderson-Sellers, 1997].
Uncertainty involved in parameterizations of
these processes determines the behaviour of
the climate model.

Oceanic Global Climate Models or Ocean
General Circulation Models (OGCMs) are
constructed by applying the same basic
techniques used for AGCMs. They assume
fixed wind stress, air temperature, air humidity,
precipitation and radiative forcing. Together
these determined the flux of momentum,
heat, and freshwater at the surface that are
the key driving forces of the ocean circulation
However, their development has been lagged
behind AGCMs and this has been attributed
to non availability of observed records of
oceanic parameters (sea surface temperature,
salinity etc.) and computational problems
required in simulation of oceanic processes
[Hartmann, 1994].

The speed of many important ocean currents
is small and therefore difficult to observe

with great precision. Therefore, finer spatial
resolution is required to simulate effectively
the important scale of motion (oceanic
eddies) that are < 50 km across [Bradley,
1999]. Besides, OGCMs attain a state of stable
climatology after very long time integration
because the deep circulation in the oceans
requires centuries to spin up from rest or to
respond to changed forcings. As a result, this
long integration time and the high spatial
resolution required for realistic simulations
of ocean circulation require substantial
and sophisticated computer resources for
modelling [Hartmann, 1994]. These problem
can be resolved by using a series of parallel
computers (employing > 100 processors
simultaneously).

Coupling of AGCMs and OGCMs

Coupling of AGCMs and OGCMs may be
performed in four ways depending upon
the complexity involved in exchange of heat
and moisture [Bradley, 1999]. It has been
shown in Fig. 2.In first level (simple coupling),
surface temperature of the ocean is set and
the ocean region (‘swamp ocean’) of the
model interacts with the atmosphere only
in terms of moisture exchange. In second
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Fig. 2. Coupling with atmosphere in various types of ocean model
[McGuffie and Henderson-Sellers, 19971

level, exchange of both heat and moisture
occurs with the atmosphere from a ‘slab
ocean' that has been specified as a layer of
fixed depth (50-100 m). This mechanism of
heat and moisture exchange enables Seas
Surface Temperature (SSTs) to vary as the
model run progresses. The nonexistence
of vertical motion in such models restricts
the exchange of heat from the deep
ocean and merely exchange of horizontal
energy fluxes occur. The mixed layer ocean
(third level) is a further improvement, also
involving prescribed horizontal advection,
but with computation of fluxes to and
from the deep ocean. In fourth level (fully
developed coupled GCMs), the ocean has
internal dynamics in three dimensions with
calculated temperature, velocity and salinity
in all directions. Further, exchanges of energy,
moisture, and momentum take place at the
ocean-atmosphere interface.

The major problem encountered in
coupling of atmospheric and oceanic
processes is large differences in estimated
response times for different components of
the climate systems (Fig. 3). The estimated
response times for the atmosphere, surface
snow and ice, litho-biosphere and lakes
have been found in the range of 10°s to
106s. Conversely, glaciers, ice sheets and

the deep ocean have response times of
order 10% to 10'1"12s respectively. The
problem of mismatch in scale of response
times is resolved by coupling models of
each system ‘asynchronously’ It involves
operation of an atmospheric model for a
time appropriate for that system and then
uses the resulting atmospheric conditions
as input to a model of the system operating
on a different timescale [Bradley, 1999].

The coupled GCMs inherit substantial errors
(transfer of errors from both the component)
in the simulation of sea-surface temperature
and sea ice extents. So, they are unable to
simulate present climate accurately. This
problem has been fixed by a technique
known as flux correction or flux adjustment.
Flux adjustments that are non-physical in
nature are explicitly added in the models
to give a stable and realistic simulation
of present surface climate (especially
the sea surface temperature and sea ice
cover). These adjustments are considered
as poor solutions in the validation process
because they have introduced model
uncertainties and violated the physical
laws of conservation of mass and energy.
However, the newest generation of GCMs
has eliminated the need for flux adjustment
[IPCC, 2001].
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Fig. 3. Estimated response for different components of climate system [Saltzman, 1985]

GCMs and Emission Scenarios

After a model (GCM) is developed and
validated, it can be used to evaluate alternative
scenarios. Scenarios are alternative images of
how the future might unfold. They have been
generated based on certain assumptions
(future trends in energy demand, emissions
of GHGs, land use change and the behavior
of the climate system over long time scales)
for explicit use in investigating the likely
consequence of anthropogenic climate
change [IPCC, 2001]. IPCC which had initially
used four man made future emission scenarios
inits First Assessment Report (AR1), presented
six alternative scenarios ranging from 1S92a to
1S92f in 1992. These scenarios embodied wide
array of assumptions affecting how future
GHGs emission might evolve. Out of these
scenarios 1S92a (Business as Usual) was widely
adopted by the scientific community. In the
light of improved understanding of climate

dynamics and driving forces of emissions,
these scenarios were re-evaluated and led
to the release of Special Report on Emission
Scenarios (SRES) in year 2000. Based on this
report, a new set of scenarios was developed
with four story lines (families) ie. A1, A2, B1
and B2 to represent the range of driving forces
and emission in the scenario literature. They
reflect current understanding and knowledge
about underlying uncertainties. However, in
year 2013 IPCC replaced SRES scenarios with
four Representative Concentration Pathways
(RCPs) [IPCC, 2013]. These are RCP2.6, RCP4.5,
RCP6.0 and RCP8.5 respectively. They are
named after a possible range of radiative
forcing values in the year 2100 relative to
pre-industrial values (+2.6 W/m?, +4.5 W/m?2,
+6.0W/m? and +8.5W/m?) [Urich et al, 20141,

The requirements of large computational
powers (super computers) have restricted
their expansion only to the few research
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organisations or groups. However, notable
increase in number of such research
organizations is observed with successive
IPCC assessments. Starting with five groups
and eight models in 1990 (First Assessment
Report), it has increased to 27 groups and
61 models in 2014 (Fifth Assessment Report)
[Urich et al, 2014]. These GCMs have been
used to simulation the climate of 20th
century (known as 201" Century Climate in
Coupled Models (20C3M) experiment) and
project several marker scenarios for the
future based on IPCC SRES. Coupled Model
Intercomparison Project Phase 3 (CMIP3)
and Coupled Model Intercomparison Project
Phase 5 (CMIP5) coordinated by IPCC provide
a GCM data base for scientific interpretations
[IPCC, 2013]. These data are made available to
general scientific community by IPCC Data
Distribution Centre (http://www.ipccddc.cru.
uea.ac.uk/).

APPLICATIONS OF GCMS
IN CLIMATE CHANGE STUDIES

GCMs have been widely used in climate
change studies and their applications can
vary from simulation and modelling of climate
variables to prediction of stream flow and
estimation of crop vyields. For examples, the
study conducted by Kripalani et al [2007a]
over East Asian region based on IPCC AR4
(CMIP 3) models predicted significant change
in mean annual precipitation. However,
changes in mean precipitation varies from
model to model (-0.6% for CNRM-CM3 and
14% for ECHO-G and HadCM3) respectively.
In another study undertaken over South Asia,
a rise of 8% in mean monsoon precipitation
was reported under doubling of CO, scenario
[Kripalani et al., 2007b]. Based on the result
derived from 5 GCMs, Sarthi et al [2012]
observed rise in mean annual temperature
(in the range of 0.6 °C to 1.8 °C) over the
Himalayan and Tibetan region for the future
period. Kumar et al [2013] have used 22 GCMs
and three Regional Climate Models (RCMs) for
predicting future patterns of temperature and
precipitation under A1B emission scenario
over India. This study based on ensembles of

22 GCMs (GCMg,,) as well as 3 RCMs (RCM) )
indicates rise in annual surface temperature
with respect to baseline period (1970-1999).
The predicted increase in GCMg/RCMgy,
for the periods 2010-2039, 2040-2069 and
2070-2099 with respect to baseline period
is 1.1 °C/1.1 °C, 2.5 °C/2.2 °C and 3.9 °C/3.2
°C respectively. Similarly, rise in mean annual
precipitation including monsoon season is
also predicted by the end of 21 century.
However considerable spatial variability is
observed in pattern of precipitation.

Recently, the responses of East Asia summer
precipitation to global warming have been
studied by Qu et al [2014] using ensembles
of 16 CMIP 5 models. The results derived from
this study predicts increase in overall summer
precipitation over East Asia. The study of Wei
et al [2009] conducted over China using
high resolution Providing Regional Climates
for Impacts Studies (PRECIS) model under
A2 and B2 emission scenarios has revealed
rise in mean annual temperature (from 1.3
°C to 4.5 °C under A2 and from 1.5 °C to 3.4
°C under B2), precipitation (from 5% to 17%
under A2 and from 4% to 9% under B2) and
radiation (0.5% to 1.1% under A2 and 0.5%
to0 0.9% under B2) for the periods of 2020s
(2011-2040), 2050s (2041-2070) and 2080s
(2071-2100) respectively. A comprehensive
study of future (21°' century) temperature
change for Northern Eurasia using different
CMIP5 models has been done by Miao et al
[2014]. This study predicts rise in surface air
temperature with the rates of 1.03 °C/100
year, 3.11 °C/100 year and 7.14 °C/100 year
under the RCP 2.6, RCP 4.5 and RCP 8.5
scenarios, respectively. The projected rate
of increase in temperature has been found
comparatively higher for high latitude regions
than the regions of low latitudes. In addition,
the spring season contributes most to the
decadal warming occurring under the RCP 2.6
and RCP 4.5 scenarios, while the winter season
contributes most to the decadal warming
occurring under the RCP 8.5 scenario.

In this line of research, Urrutia and Vuille [2009]
have presented climate change projections
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(for temperature and precipitation) for the
tropical Andes (mountainous region) using
a RCM. The results derived from GCMs have
shown significant changes in the frequency
and magnitude of weather and climate
extremes in future. There is high confidence
that decrease in diurnal temperature range
along with very cold days and increase in warm
days coupled with increased rainfall intensity
may occur in different parts of the Earth. Similar
kinds of studies were also undertaken in other
parts of the world; Europe by Ruosteenoja et al
[2007], Africa by Diallo et al [2012] and South
America by Solman [2013] respectively.

Further, the outputs of GCMs are readily
applied in investigating consequences of
future climate change on hydrology, glaciers,
ecology, forestry, agriculture and water
resource management studies respectively.

Limitations of GCMs

Despite notable development, GCMs still have
some limitations as discussed below:

. Most of GCMs considered in CMIP3 projects
have included interactive land surface schemes
i.e. fluxes from the land surface is felt by the
modeled atmosphere. These schemes are quite
sophisticated as they incorporate different
vegetation types, interaction between solar
radiation and canopy cover, transpiration,
effect of soil moisture etc. However, carbon-
cycle feedbacks are not generally modeled and
possible changes in vegetation cover are not
presently taken in account in climate change
simulations [Brown et al, 2008].

IIl. GCMs are quite good in simulating planetary
scale features but fail to resolve local scale
topographic and sub-grid-scale processes
and dynamics such as clouds, Jet Stream, El
Nino Southern Oscillation (ENSO) because of
their coarse spatial resolution. The decrease in
spatial accuracy of GCMs simulated climate
variables occurs from continental to local
scale. This restricts the direct applications of
GCM's outputs in regional climate change
impact studies.

lIl. Due to simplified approximation of
radiant-energy transfer and sub-grid scale
parameterizations (e.g. cloud formations
and dissipation, cumulous convections and
turbulence), the large scale climate variables
such as wind, temperature, humidity and sea
level pressure are modeled more accurately
by GCMs than the smaller scale hydrological
variables j.e. precipitation, evaporation,
evapotranspiration, soil moisture and
discharge [Solaiman, 2011].

IV. GCMs have been found more skillful in
predicting means (average) of temperature
and precipitation than any higher order
of statistics i.e. variability. Besides, higher
confidence is achieved in estimation of
temperature than precipitation. Extreme
events such as length of dry spell, wet spell
length and frequency of heavy rainfall events
are poorly simulated by models even though
mean annual precipitation is reasonably well
simulated.

V. Present day GCMs usually make long term
prediction of climate change and lack in
ability of predict near term climate change
i.e. climate variables on decadal time scales
[Brown et al, 2008]. However, emphasis has
been focused on changes in climate that
might occur within the span of few decades
than century-length periods.

DOWNSCALING

GCMs as discussed above have been found
incapable for detailed assessment of land
surface processes and climate change impacts
atlocal to regional scales, especially in regions
with heterogeneous land cover and diverse
topography [Wilby et al, 2004]. As a result
techniques usually known as ‘downscaling’
have been invented for narrowing the gap
between the scale of GCMs and required
resolution for impact assessment [Wilby and
Dawson, 2013]. In downscaling, Large Scale
Atmospheric Variables (LSAVs) are applied
to predict local meteorological conditions
[Willby and Dawson, 2013]. Thus, increase in
spatial resolution of GCM's output is achieved.
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This is mainly on the availability of archived
observational and GCM data as both are
required to generate future climate scenarios
[Willby and Dawson, 2007]. The capability
of downscaling in providing additional
details can inform site specific assessment
and management of climate risk. Based on
literature review, downscaling can be grouped
into two broad categories; dynamical and
statistical downscaling [Fowler et al., 20071].

Dynamical Downscaling

Dynamical Downscaling (DD) involves
development and use of Limited Area Models
(LAMs) or Regional Climate Models (RCMs) for
generating high resolution (10-50 km) outputs
based on atmospheric physics over a region
using GCM fields as boundary conditions [Giorgi
and Mearns, 1999]. The extraction of local-scale
information from large-scale GCM dataiis achieved
by adopting following approaches; (I) running
a regional scale LAM with coarse GCM data as
geographical or spectral boundary conditions, (Il)
performing global-scale experiments with high
resolution Atmosphere-GCM (AGCM), with coarse
GCM data as initial (as partially and boundary)
conditions and (Ill) the use of a variable-resolution
global model with the highest resolution over the
area of interest [Solaiman, 2011].

RCMs are more or less similar to GCMs in
principles. They are nested within GCMs. This
is performed to save processing time and costs
in lieu of running the two models in successive
fashion. Initial and boundary conditions
required in calibration of RCMs are generated
from the GCM or historical data base (NCEP/
NCAR) [Brown et al, 2008]. The individual
choice of domain size controls the divergence
between the RCMs and their driving GCMs
[Jones et al, 1997]. However, additional detail
is also provided concerning the land use, coast
lines, topographical structures and better
resolved spatial gradients in physical fields
[Kumar et al, 2013]. It can bring significant
change in regional flow patterns and increase
the importance of local feedback processes
such as snow-albedo/air temperature or soil
moisture/air temperature feedbacks.

RCMs present a better description of topographic
phenomena such as orographic effects and
meso-scale circulation pattern than GCMs due
to their high spatial resolution and ability of
simulating finer dynamical processes. But in
terms of temporal resolution, they have been
found more skillful at monthly or coarser time
scales than daily. The major drawbacks of RCM
are its complex design and computationally
expensive nature [Hewitson and Crane 1996].

However, there are certain issues which are
still unresolved and are also plaguing RCMs
[Brown et al, 2008]. These include:

|. Parameterization of convective precipitation,
mainly over tropics where convection is major
source of moisture transport.

ll. RCMs inherited biases systematically
transmitted by GCMs in simulation of
precipitation including extreme events.
Therefore, use of model ensembles is to be
recommended for a realistic assessment of
climate change.

lll. Based on large scale conditions defined
by the host GCMs, RCMs assume fixed lateral
fluxes into and out of their domain. Further,
it is believed that evolution of climate within
the RCM does not affect the output provided
by the GCM. However, it is not true in reality.

IV. Because of computationally expensive nature,
model integrations have, until recently, been
restricted to'time slices’; normally ~30 years for a
control or'baseline’climate from 1961-1990 and
for a changed climate from 2070-2100 (Fowler
et al. 2007). Scenarios for other periods are
generated using ‘pattern scaling'where changes
are scaled according to the temperature signal
modeled for the intervening period, assuming
a linear pattern of change.

Statistical Downscaling

Statistical Downscaling (SD) technique is
supported by the view; the regional climate
is conditioned by large scale climate state
and regional/local physiographic features
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(e.g. topography, land-sea distribution and
land use/land cover). In this technique, large
scale atmospheric variables (predictors) of
GCMs such as mean sea level pressure and
geopotential heights are related to station-
scale climate variables (predictands) such
as temperature and precipitation based on
statistical/empirical relationship [Raje and
Mujumdar, 2011]. Based on these statistical/
empirical relationships, local scale predictands
(e.g. temperature and precipitation) can be
downscaled at specific site or station. SD has
shown advantage over DD approach as it is
faster and simpler in use, less computationally
expensive, provide site specific information and
applicable for uncertainty and risk analyses
[Yarnal et al, 2001]. The requirement of long
time series of historical weather stations data
is a serious drawback of this approach.

Further, SD methodologies have been
grouped into three sub-categories; weather
typing, weather generator and regression/
transform function [Ghosh and Mujumdar,
2007]. The strength and weakness of each
approach (shown in Table 1) has been
reviewed in detail by Hewitson and Crane
[1996] and Wilby and Dawson [2007].

Weather Typing establishes a sensible link
between climate on large scale and weather
at local scale [Wilby and Dawson, 2007].
It involves grouping of days into a finite
number of discrete weather types or ‘states’
according to their synoptic similarity whereas
weather states are defined either by applying
cluster analysis to atmospheric field or using
subjective circulation classification schemes
[Wilby et al, 2004]. The generated weather
patterns are grouped into weather classes
according to their similarity with nearest
neighbours or a reference sets. It assumes
that characteristics of weather class remain
unchanged [Fowler et al., 2007].

The construction of future regional climate
scenarios includes resampling of observed
variables distribution or synthetically generated
data (from Monte Carlo techniques) conditioned
on daily weather patterns and associated with a

given atmospheric circulation pattern produced
by a GCM. The mean or frequency distribution
of thelocal climate is then derived by weighting
the local climate states with the relative
frequencies of the weather classes simulated
by GCM [Ghosh and Mujumdar, 2007].

This technique of downscaling provides multi-
variables and multi-sites information [Wilby et al,
2004]. However, it has shown limited success in
downscaling rare’events (e.g. wet and dry spells)
and precipitation changes produced by changes
in the frequency of weather patterns are seldom
consistent with the changes produced by host
GCM [Wilby and Dawson, 2007]. This may
be attributed to the relationship established
between stationary circulation and surface
climate. The methods based on this approach
are; analogue method, hybrid approaches, fuzzy
classification, self organizing maps and Monte
Carlo methods respectively.

Weather Generators are stochastic models
where climatic variables are conditioned
by specific climatic events i.e. precipitation
occurrence instead of weather pattern [Fowler
et al, 2007]. The daily climate is defined by
outcomes on previous days. This involves two-
state, first order Markow chains for simulating
precipitation occurrence, gamma distribution
predicting amount of precipitation on wet
days and first-order trivariate autoregression
conditioned by precipitation occurrence
for simulating temperature and radiation
components [Wilby and Dawson, 2007].

Recently, this has been found that weather
typing scheme may also be used to drive
weather generator models [Fowler et al, 2007].
The study of Corte-Real et al [1999] used
daily weather patterns derived from principal
components of mean sea level pressure to
condition a weather generator model. Further,
advancement in modelling of the autocorrela-
tion structure of wet and dry days is observed
where the probability of rain is conditioned by
the current circulation pattern and the weather
regime of the previous day. This has been found
skillful in simulating fundamental characteris-
tics of precipitation including distribution of wet
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and dry spell lengths. The major drawback of
this approach is that this is defined by local climate
relationships and so may not be automatically
applicable in other climates. Besides, inter-annual
variability is also not accurately represented and
they are underestimated.

Regression/Transform Functions are one of
the most popular and widely used approaches
applied in downscaling of large scale climate
variables simulated by GCMs. In this approach,
alinear or non-linear link is developed between
predictors and predictands of interest and
focus on changes in the central tendency
of predictands [Schoof et al, 2007]. There
are different kinds of regression methods
(based on choice of mathematical transfer
functions, predictor variables and statistical
fitting procedures) in practice which differ in
complexity from simple multiple regression
models to artificial neural networks, canonical
correlation analysis and principal component
analysis.

The methods based on this approach assume
validity of the model parameters under future
climate conditions similar with the weather
typing methods. The choice of predictors and
statistical forms affect the results of downscaling
to the large extent. The major disadvantage
of this approach is that it often explain only
a fraction of the observed climate variability
(especially in precipitation series) [Wilby and
Dawson, 2007]. In spite of these limitations,
the relative ease of application along with their
use of observable trans—scale relationships have
encouraged applications of these methods
in downscaling of climate variables and
performing impact assessment studies.

As discussed above, none of the approach
(statistical downscaling approaches) has been
found‘perfect’in downscaling and simulating
climate variables for future periods. Therefore,
attempts have been made to develop new
approaches by combining one model with
another. This may improve the simulation
of variability as well as extremes. This has
been confirmed by the study Kilsby et al
[2007]. They observed that incorporation of

a stochastic rainfall model into a weather
generator has improved the simulation of
both variability and extremes when compared
to a simple Markov chain model. In this line of
research Wilby et al [2002] have developed a
hybrid model popularly known as ‘Statistical
Downscaling Model” abbreviated as SDSM.
It is a combination of multiple regressions
and stochastic weather generator based
downscaling methods. It uses circulation
patterns and moisture variables to condition
local weather parameters and stochastic
methods to inflate the variance of the
downscaled climate series [Fowler et al, 2007].

CONCLUSION

This review summarizes the progress
achieved on Global climate modelling
since the early efforts at the beginning of
the 1960s until now. Results predicted by
earlier GCMs inherited large uncertainties
as they made simple approximation of
physical processes and corrected it by flux
adjustments. However, the newest generation
of GCMs has eliminated the need for flux
adjustment and relatively more realistic in their
long-term prediction. The problems related to
current capacity of GCMs such as failure in
simulation of local scale topographic and sub-
grid-scale processes and dynamics because
of their low resolution have restricted their
successful applications only to global and
continental scales. The problem of discordant
scales can be solved by using downscaling
techniques. However, this may increase
uncertainty in projection. Despite of these
limitations, GCMs and their outputs have been
found suitable in studying impacts of climate
change hydrology, glaciers, ecology, forestry,
agriculture and water resource management
studies.
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