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PREFACE

There has been a growing concern of the scientists and
policy makers on the subject of climate change and 1its possible
impacts on man and biosphere. The hydrologists have been
specifically interested in the temporal and spatial-redistribution
of components of hydrologic cycle in the changed climate and the
water availabilty in future for differcnt purposes. With the
initiation of various activities by WMO (inciuding WCP - Water) in
this particular area, a number of groups in the world have carried
out sensitivity of different basins/regions 1lying in different

hydroclimatic zones.

Realizing the 1importance of the subject area, the
National Institute of Hydrology has also initiated some studies in
this area. These studies pertain to impact of climate change on
hydrology in Indian context. This report has been prepared to
observe the sensitivity of four Indian basins to expected climatic
changes, as revealed by Global Climate Models. The report has been
prepared by Shri R. Mehrotra, Scientist 'C’', Dr. Divya, Scientist
*C' and Dr. Ashok K. Keshari, Scientist 'B’ of Atmospheric tand

Surface Modelling Division.

’ﬁ%‘ﬁ?’%&}h’/

Director
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ABSTRACT

Climatic change due to increase in greenhouse gases and
its impact on hydrology of different regions/basins located in
various hydroclimatic zones has received considerable attention
during the recent decade. The probable impact on runoff,
evapotranspiration and soil1 moisture, and their temporal and
spatial redistribution may lead to severe consequences upon water
related activities such as — agriculture, drinking water supply,
electric power generation etc. The impact studies are mainly based
upon the application of output from the Global Climatic Models
(GCMs) (either as the scenario or disaggregation of the output to

the local scale) to the regional hydrologic models.

The present study deals with the sensitivity analysis of
four basins namely Damanganga, Sher, Kolar and Hemavati, lying in
different agroclimatic zones to expected changes 1in temperature
and precipitation. The temperature and precitation data obtained
as output from the three GCMs - GSIRO9 (resolution of 3.2°x 5.60),
ECHAM1 (resolution of 5.625 x 5.625° ) and MPI (resolution of
2.812° x 2.812°) have been used for current (present day, 1 x 002)
and anomaly {doubling of 002 or by the year 2080 under IPCC
Business As Usual scenario) runs. The precipitation data obtained
at GCM grid points within or near the basins has been
disaggregated to the basin values using a disaggregation model.
The disaggregated output has been applied to a monthly
rainfall-runoff model, and the sensitivity of these basins to

expected climatic changes has been studied. The sensitivity of

different basins has been found to be different.



Sensitivity analyses reveal that temperature rise in
different basins due to increased greenhousa gases (by the year
2080) will be within the range of 1-4 °c for all four basins.
Rainfall will increase during all seasons for. Damanganga, Sher and
Kolar basins. Substantial 1increase is expected 1in nonmonsoon
seasons. However, monsoon rainfall in Hemavati basin appears to
decrease by an appreciable amount, although marginal difference is
observed in annual budget. Most of the rainfall in Hemavati basin
is expected to occur during the beginning of the monsoon period.
Impact of climatic change on other hydrologic parameters, runoff,
evapotranspiration and so0il moisture establishes that basin
aridity is positively associated with basin sensitivity, and the
degree of sensitiveness depends upon the degree of aridity of the
basin. Kolar {moist subhumid) and Sher {(dry subhumid) seem to be
comparatively more sensitive to climate change, whereas Damanganga
(humid) seems to be the least sensitive. The reliability of the
findings depends upon the uncertainties associated with the
analysis and the Tlimitations of the study, discussed 1in the
report. No doubt, long length of data will improve the findings.
Before going for more detailed impact studies on economic and
sociceconomic factors, regional sensitivity studies are needed to
pursue in more regions of India which vary widely 1in <climatic

condition.



1.0 INTRODUCTION

Many scientific studies warn of a rapid global climate
change during the next century as a result of increased greenhouse
gases in the atmosphere {(NRC, 197%, 1983,1987: Ramanathan, 1988;
Houghton et al., 1990; IPCC, 1990,1992). These all suggest that
the effects of greenhouse warming will become dominant over the
natural variability of the climate including the effects of
volcanic eruptions, E1 Nino/Southern Oscillations (ENSO), internal
atmospheric and oceanic circulation variations and possible solar
variations, and all agree that surface temperature will rise,
precipitation patterns will change and sea level will rise. The
above findings are mainly based upon the results of the Global
Climate Models (GCMs), which have been used as the tool for

predicting future climate change.

Water resources and the hydrological cycle are largely
controlled by climatic factors including precipitation, humidity,
temperature, wind speed and solar radiation. Water supply and
control system components including reservoirs, spillways, storm
sewers, flood protection structures, and rules and protocols
defining their management, are dependent on local climate and
hydrologic patterns (Moss and Tasker, 1987; Riebsame, 1988).
Changes in climate conditions can therefore affect surface water
and ground water availability, gquality and wvalue for such diverse
uses as 1irrigation, water supply, electric power production,
support of aguatic ecosystems and fisheries.

Even though such projections of the future climate are



relatively crude, it is important to begin the assessment of their
impact on humans and the biosphere. The results of current impact
analyses, even if imperfect, will be useful in design of future
water resource projects. This will guide the modellers to produce
parameters that will be needed by society to develop policies to
minimize the impacts of climate change on hydrology and water

rasources in particular.
1.1 Climate change and regional hydrology

Many attempts have been made to find out the trend 1in
the mean temperature observations over land (Diar and Quayle,
1980; Jones &t &l1., 1982, 1986; Vinnikov et al., 1980; Hansen &t
a&l., 1981). The steady increase in greenhouse gases has resulted
in enhancing the greenhouse effect and thus global warming. The
near-surface air temperature has increased by about 0.5o C since
the late 19th century (Jones &t &1., 1986; WMD, 1987) which is
roughly consistent with calculated €O warming (Hansen et al.,
1981). The striking feature, however,zis that the inter-annual
variability of global temperature is much larger than the trend.
According to the IPCC Business =~ as - Usual (BAU) scenario
(scenaric A), it is expected that global surface temperature may
rise by 0.2 to 0.5 °C per decade, during the next few decadses, if

human activities which cause greenhouse gas emissions, continue

unabated {(IPCC, 1990).

Manyﬁstudies on hydrological impacts of climate change
have been carried out in different parts of the world by many
workars. Studiss on changes in annual and seasonal runoff have

pointed to a greater sensitivity of river watersheds even to



insignificant changes in climatie characteristics, specially for
watersheds located in arid and semi-arid regions (Lins &t al.,
1990). Since last two decades, a period of progressive desiccation
is noted over Sahel and Sudan. The available evidence supports the

view that Sahelian drought is an aspect of climate variability.

The possible impacts of climate change on hydrological
regime include : increase in summer evaporation, more rainstorms
caused by increased convective precipitation in summer months,
increased intensity of tropical storms and increased monsoon

rainfall in tropics (IPCC, 1990).
1.2 Need for establishing the impacts of climate change

Changes in climatic conditions due to increasing
atmospheric concentrations of radiatively active trace gases will
probably alter land and water resources, their distribution in
space and time, the hydrologic cycle of water bodies,. water
quality, and water supply systems and requirements for water
resources in different regions. Probably the most important
implications of climate change for water resources ariée through
the effects on droughts and floods, both their frequency of
occurrence and their severity. Such changes could have potentially
devastating results. A gradual change 1in mean runotf, by
comparison will probably be accompanied by a progressive
adaptation by the economic sectors affected, such as agriculture.
However, for such sectors as agriculture, large changes in the
seasonal distribution of hydrological variables might create
problems that could only be adapted to ac graat expense, if at

all. The primary areas of impact include physical security (as



related to dam safety and flood protection works), drinking water
supply, agriculture, energy supply, and international (political)
security (due to climate - change - induced changes in water
supply, in cases where rivers cross national boundaries). The
probable serious impacts of climate change have lead the
scientists and the policy makers to estaplish the impacts of

climate change for different regions.

In the present study, the sensitivity analysis of four
basins namely Damanganga, Sher, Kolar and Hemavati basins lying in
ditferent agroclimatic zones to expected changes in precipitation
and temperature has been made. The output of the three GCMs -
ECHAML, MPI and CSIRDY model has been studied and most realistic
one is selected and used to study tha sensitivity of runoff,
evapotranspiration and soil moisture to climate change dus to
increase in gresnhouse gases in these basins. Since the GCM ocutput
considers the temporal and spatial variation of climate change,
useful information on temporal redistribution of runoff,
evapotranspiration and soil moisture due to changes in temperature
and precipitation in these basins could be obtained in the present

study.

2.0 IMPACTS OF CLIMATE CHANGE OM HYDROLOGY OVER INDIA : A REVIEW

As the problem of global warming and ites impacts has
received considerable attention globally, some work in this
direction has been recently initiated in India also.

Groisman and Kovyneva (1989) asses=sad the impacts of

climate change on Indian hydrology by using a set of statistical



estimates for the parameters describing the relationship betweén
changes in global climatic variables and those in 1local climatic
characteristics for different seasons of the year. They used
annual mean surface air temperature averaged over the extra
tropical zone of the northern hemisphere as a global variable.
They observed that increase in mean annual surface air temperatures
is resulted in an increasing precipitation totals over entire

India, specially along the western coast of the subcontinent.

Based upon the results from high resolution general
circulation models, IPCC (1990) report for Indian sub-continent
states that by 2030 on Business-As-Usual (BAU) scenarios (if few
or no steps are taken to 1limit greenhouse gas emissions) "The
‘warming varies from 1° to 2° throughout the year. Pracipitation
changes little in winter and generally increases throughout the
region by 5 to 15% in summer. Summer soil moisture increases by S

to 10%".

Lal &t al. (1992) studied the impact of increasing
greenhouse gas concentrations on the climate of the Indian
subcontinent and its variability analyzing the GCM output data of
Hamburg global coupled atmosphere - ocean circulation model with a
resolution of 300 x 300 kmz. The model results obtained from the
greenhouse warming experiment suggested an increasze of over 20 K
over the monsoon region in the next 100 years. The model simulated
an increase in total (averaged for the study armsa) sgsasonal
precipitation. However, any significant precipitation change could
only be isolated over some area. Lal &t al. did not find any
evidence for a significant change in the mean monsoon onset date

or in its inter - annual variability.in a warmer world. Lal and
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Chander (1993) have assessed that an enhanced surface warming over
the Indian subcontinent by the and of next century would result in
more runoff in northeast and central plains during monsoon, with
no substantial change during the winter season. The results,

however, have a low confidence.
t

Using the above model, Lal and Bhaskaran (1993) examined
the possible changes on the climate of rnorth-west India (Thar
desert) due to greenhouse warming. The results point to a
pronounced warming and associated enhancemsnt in evaporation rate
without any significant change in precipitation over the region
over the next 100 years. This may lead to enhanced aridity over
the Thar desert and could have strong implications for the

hydrology and water resources in this region.

Divya and Jain (1993) carried out a sensitivity analysis
of the rasponse of a catchment situated in central 1India to
expected climatic changes using the scenarios of climatic change
and a regional model. They found that the changes in runoff were
more dramatic for the months when the runoff was already veary

small.

Since the results of study for one catchment can not be
directly applied to other catchments, more similar studies were
taken up (Mehrotra and Divya, 1994 a, b, c). The sensitivity
analysis indicateé that basin located in comparatively drier
region was more sensitive to climatic changes. fAlso, basin
characteristics such as soil type, its moisture holding capacity
and runoff coefficient play an important role 1in deciding the

basin response. To study the effect of climate variations on the



design and operation of water resources projects, the response of
hypothetical reservoirs of two drainage basins, Kolar and Sher, of
India to climate variations was studied (Mehrotra et al., 1994).
Series of streamflows under different adopted climatic variations
were derived and used in modelling the influences of these
variations on reservoir storage. Results of the study indicated
high probability of significant effect of climate changea on

reservoir storage.

For more details the reader is referred to Divya and

Mehrotra (1995).

3.0 EXISTING PRACTICES FOR EVALUATION OF HYDROLOGICAL IMPACTS OF
CLIMATE CHANGE

Various practices have been followed for evaluating the
hydrologic consequences of future anthropogenic climate change of
different regions of many countries . The studies may be grouped

under the following two methodological approaches :

1) Statistical approachss - In this approach.l a co-relation
structure among various hydrological processes such as rainfall,
runoff, air temperature etc. has been formulated statistically.
Using this approach studies have been carried out for some regions

of US and the annual river runoff in the USSR.

In another approach , the hydrologic consequences for
the past very warm or cold, wet or dry years periods have been
studied. The analysis has been carried out for the US and for the

northern China. Studies have also been made for some regions of



the Sahelian zone using this approach.

2) peterministic approaches - Climatic wvariation of large
regions has been calculated from the GCMs, based upon the increase

in the concentration of greenhouse gases.

The GCM results are used as an input to some
appropriate deterministic / conceptual type water balance model to
predict the future possible changes in hydrologic conditions.
Alternatively some hypothetical set of data based upon GCM
findings may be used as an input to these models to study future
scenarios. This is the most popular approach and has been used by
many workers for basins located in various hydroclimatic

environments.

Another approach uses the water balance of a basin over
a long period of time. Future total evaporation is estimated in
this approach. These methods have been used for the studies in the

USSR and for the New Zealand.

The results obtained in hydrologic simulations based on
different GCMs results only, are inconsistent for certain
important hydrologic conditions and regions. This can be
attributed to the low resolution of the current generations of
GCMs (resolution of approx. 500 x 500 kmz) and to the simplified

description of hydrologic processes.

s



4.0 USE OF GCM QUTPUT FOR IMPACT ASSESSMENT STUDIES

The use of GCM output to evaluate the hydrological
impacts of anthropogenic climate change has gained considerable
attention in the recent vyears. The predictions/forecasts of
changes in climatological parameters, specially air temperature
and precipitation for different regions and periods of time are
needed to evaluate the hydrological effects of climate change.
However, the accurate forecasts of regional climatic changes are
still not available. In their absence, the output from global
climatic models can be used in two ways to evaluate the

hydrological impacts :

(a) development of climate change scenarios and their use in
hydrological models;

(b) disaggregation of GCM output for present day and anomaly runs
(i.e. either at doubled CO_. case or future projections after 100

2
years) to a basin,

4.1 Deavelopment of climate change scenarios

The global climate models developed by diffarent groups
namely Oregon State University (0SU), National Centre for
Atmospheric Research (NCAR), Goddard Institute for Space Studies
(GISS), Geophysical Fluid Dynamics Laboratory (GFDL), United
Kingdom Meteorological Office (UKMO), CSIRO Australia, Max Planck
Institute Germany and groups in USSR and Canada have bsen used for
creating ranges of scenarios for studying impacts of climate

change worldwide (Smith, 1989).



In order to create scenarios for individual 1locations,
at least five related approaches have been recently suggested.
Ackerman and Cropper {1988) described an overall framework Tor
combining GCM ocutput, local climatology, and expert judgement to
create scenarios. In their procedure, if a GCM does an adequate
job of simulating the current climate, or if the GCM does not do a
good job but the bias is understood, the GCM information is used
directly to create scenarios. four recent papers, providing
techniques to accomplish this, assume that the regional scale GCM
output has some useful information, and suggest ways to go from
the large GCM scale down to local scale. Wigley et al. (1990)
evaluated multiple linear regression technigues for calculating
sub - grid scale information. Turcoe (1988) suggested a method for
using seasonal cycle to scale the local changes from GCM output.
Karl et al. (1990) developed a statistical technigue employing
empirical orthogonal functions to obtain lacal information. Smith
(1989) has actually used simple procedures, such as adding the
2x002 - GCO2 GCM results and transient GCM differences to
observed data, to create scenarios for United States impact
studies. However, none of these techniques provide guidance on
creating scenarios if the GCMs do such a poor job that the 2x002
-1xC02 results cannot be trusted, since the model errors resulting
in the poor lx002 simulations are still inherent in the 2x002

results.

4.2 Spatial disaggregation of GCM output to a basin

-

Current projections of global change have been developed
from large scale, physical atmospheric global climate models that

attempt to describe atmospheric response to 002 forcing.

10




Presently, due to computational 1limitations, most GCMs operate
globally with a resolution ranging from 20 * 2D to 10D X 100
lJatitude/longitude. The resulting climate projections from these
models cannot be directly used as input for models at the
rasolution of interest to hydrolegists. The hydrologic processes
of interest commonly occur at scales on the order of tens. to
thousands of square kilometers. At these scales, spatial
variability, geomorphology, and other mesoscale and local-scale
processes tend to dominate resulting climatic regimes. The

difficulty, then, arises in developing localized hydrologic

responses to global-process changes.

In the recent years, a number of astudies have beesn
carried out on impacts of climate change wusing the spatial
disaggregation of GCM output. Giorgi and Mearns (1991) provided a
relatively complete overview of historical techniques applied to
this spatial resolution problem as it pertains to catchment
hydrology. The methodologies typically used for analysis of local
hydrology, ranging from stochastic analysis of historical climates
and paleoclimates to adjustment »f historical climate by a mean
change in state, frequently do not account for temporal
variability in climate fields, and never account for spatial
variability. More recent works (Hay et al., 1992; Barros and
Lettenmaier, 1993; Bardossy and Plate, 1992) have attempted to
account for scale issues. Hay et al. proposed a stochastic
disaggregation model for weather-type analysis, in which
precipitation fields were regressed on weather type in the
Delaware basin. Barros and lLettenmaier applied multigrid methods
to describe interactions between land-surface influences and

large-scale circulations. In their procedure, an orographic

n



precipitation model was coupled to a surface energy model to
predict latent and sensible heat fluxes. Bardossy and Plate
developed & site-specific precipitation model that accounted for
spatial and temporal intermittence conditioned on large-scale
circulations. In addition, limited application of cascading GCM
output to mesoscale precipitation models, and then to
deterministic rainfall runoff mcdels was presented by Avery and

Leavesely (1988).

Epstein and Ramirez (1994) applied directly . the
empirical disaggregation techniques to both temperature and
precipitation data for application in resolving GCM output to
regional and local climate regimes. They explored the hydrologic
response of the upper Rio Grande basin to climate-change forcing
by application of resulting leocalized climate to the Precipitation
Runoff Modeling System (PRMS) of the U.S. Geological Survey
{(USGS). Using a two-level disaggregation scheme they used the grid
data from the Canadian Climate Centra’s (CCC’s) GCM. Grid data
overlaying the state of Colorado were first disaggregated into
regibna of distinctly similar sea onal climate regimes. These
regions wWere next disaggregated into data sets corresponding to

individual climate stations within Colorado.

5.0 PRESENT STUDY

5.1 Study Area

Ztudy area comprises of four basins namely Damanganga,
Sher, Kolar and Hemavati basins. General description of - the study
area is given in Table S.1. The index maps of these basins showing

the lucations of gauge discharge and rain gauge stations are given

12



in Figures 5.1 to 5.4.

5.1.1 Damanganga basin

The Damanganga river rises in the Sahayadri hill ranges
of the Nasik district of Maharashtra at an elevation of 950 m and
traverses a distances of 131 km before it drains into the Arabian
sea. The catchment area of the river can be physiographically
dividad into five units; hill slopes, hill plateaus, upper and
lower foot slopes, valley plains and local depressions, river and

stream banks.

No detailed soil survey has so far been conducted in
this basin. However, the information available from different
sources shows that the soils of the basin can be broadly grouped

into three groups viz., black soils, red soils and mixed soils.

The average forest area in the basin is about 41.4% of
the geographical area. The agricultural area is about 36.3% of the
total geographical area, agriculture being the main occupation of
the peopls in the basin. The total area under irrigation is 1.97%
of the total cultivable area and 0.92% of the geographical area of

the basin. Irrigation is mainly from wells and minor irrigation.

5.1.2 Sher basin

The river Sher is fairly big tributary of river Narmada.
It rises in the southern Satpura range in the Durg district of
M.P. at an elevation of 600 m above sea level. The catchment area
upto the confluence point of Sher with Marmada is about 2900 sq

km. However, the Central Water Commission has established a

13
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gauging site at Belkheri, upstream of the confluence covering
about 1500 sq km of Sher basin. The basin lies in the districts of

Narsimhapur, Chindwara and Seonl in Madhya Pradesh.

The Sher basin is identified with hilly terrain and is
heavily intersected by streams and rivers. The vegetation of the
basin consists of forest of medium density, scrub 1land, spread
pockets of cultivation on undulating land and some denuded land.
At present, there is no major water resources activity in the Sher

basin.

5.1.3 Kolar basin

The Kolar river originates in the Vindhyachal mountain
range at an elevation of 550 m above sea 1level (msl) in the
district Sehore of Madhya FPradesh (M_P.) state. The river, during
its 100 km course first flows towards east and then towards south
before joining the river Narmada near a place named MNealkanth.
During its course, the Kolar river drains an area of about 1330

sqg. km.

The upper four-fifth part is predominantly covered by
deciduous forest. The soils are skeleton to shallow in depth
except near channels, where they are relatively deep. The channel
beds are rocky or graveled. Agriculture activity is carried out in
relatively large areas in the north western part and in small
pockets elsewhere in which the main crops are wheat and grams. The
general responsq_of this upper part of the catchment to rain

appears to be quick.
Lower part of the catchment is predominantly cultivable
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area. The soils are deep in this area and ground slopes are flat.
The response of this area to input rainfall appears to be

moderate. Part of this area comes under the command of ¥Kolar dam.

5.1.4 Hamavati basin

The Hemavati, one of the important tributaries to Jjoin
river Cauvery on its northern bank, takes its origin near Javali
in Mudighere taluk of Chikmagalur district in Karnataka and
follows the south easterly course. The study area upto the gauging
site at Sakleshpur is about 600 sq km and the total length of the

Hemavati river upto the gauging site is around 55 km.

The climate during the summer months viz., March to May
is generally cool, healthy and agreeable. Rainy season extends
from June to October and is characterized by heavy to very heavy

rainfall.

The principal soil types found in the basin are red
loamy soils and red sandy soils. Scoils in the forest area and
coffee plantations are greyish due to high bhumus content.
Agriculture and plantation are the main industries in the basin.
Principal crops grown are coffee, paddy and cardamon. About &0%
area of the basin is covered by wunirrigated crop land, 29% by
coffes plantations and 12% by forests. The main source for ground
water in the basin is atmospheric precipitation and the
agriculture is rainfed.

L
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Table 5.1

General description of the study area

Basin name Damanganga

' ¥

19°%4s to 20°20

Latitude

o L] o [
Longitude 72 40 to 73 40
Elevation 950 m to O m
Normal 2212 mm
rainfall
Data
availability 1974-83
Area 2261 sq km
Region Humid
Location Central India

Kolar

+

22%40 to 23%0m

7791 to 77°29

600 m to 300 m

1210 mm

1983-88

B2C sqg km

Moist sub humid

Cantral India

Sher

i [

22°25 to 23%55
4 [

79°15 to 7940

1110 m to 450 m

1255 mm

1978-86

150C &g kin

Dry sub humid

Central India

Hemavati

12%55 to 13711

75929 to 75751

1240 m to 890 m

2972 mm

1975-81
600 sqg ki

Humid

Scutharn India

5.2 MHMethodology

One of the
hydrological impacts of
Indian conditions,

availability, 1its

infrastructure and computing facilities available,

promising

climate

reliability,

change

considering the climatic variability

the regional hydrologic models.

In the methodology adopted here,

grid points within/outside the basin

approach

particularly

quality

corresponding to

to study

siJltad

reagional

Lo

and data

and length, also

is tha use of

GCM output at various
current

values (1 x coﬂ) and anomaly values (2 x CO_ level or by the ysar
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2080) is collected. Output at various grid points are averaged
inversely proportional to the distance to get average GCM value at
caentre of the basin. Only precipitation values are considersd in
the analysis as for all the basins, temperature is measured only
at one station located mostly outside the basins. Observed normal
monthly precipitation values are compared with the normal monthly
values obtained from various GCMs corresponding to current values
and the GCM results which are nearer to the observed values are
considered for further analysis. Using the disaggregation
technique a correlation betwsen the individual station values and
average value of precipitation for the basin is established. Then,
using this correlation, average GCM output (for anomaly run ) for
the basin is disaggregated to get corresponding precipitation
values of different stations. Now precipitation values
corresponding to anomaly run at different stations within/outsida
the basin are available. A simple distributed rainfall-runoff
model, which has been calibrated using existing rainfall and
runoff data of the basin is taken and the results as obtained
above are fed to this rainfall-runoff mode to get runoff,
evapotranspiration and soil moisture etc. corresponding to this
input. Average temperature increase during the whole year 1is
considered as the temperature increase in the above analysis. A
brief description of the rainfall-runoff model and the

disaggregation model used in the present study is given below:

.5.2.1 Rainfall - runoff model

A monthly conceptual rainfall-runoff model developed at
NIH is used in the present study. The model is distributed in

nature in the sense that here instead of considering the average
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(15)

(16)

(17)

of precipitation at different stations and then computing the
runoff, runoff is computed first from the indiviudal station
precipitation and then its average is calculated. The model is
considered to be comprised of soil and ground water storages.
Based on the givean initial moisture conditions for each storage
elements and input variables, the water balance equations are
solvad station wise conceptualizing the hydrological processes
which govern moisture movement from one element to another. The
monthly runoff values for each area represented by the station are
obtained as one of the important outputs of the model., Model has
seven parameters, out of which five parameters relate to soil
characteristics., The model parameters can be calibrated from the
historical racords of monthly rainfall, potential
evapotranspiration at each station and total runeff of the
catchment. Model structure has been finalised after making sevaral
permutation and combinations while concaeptualizing the different
hydrological processes. It was also observed that a compleax model
structure consisting of a large number of parameters could not
improve the simulation results much. The sequence of processes

considered in the model are described here under.

Monthly ariel precipitation at different stations is a
basic input to the model. In the flow processes first priority is
accorded to fast surface runoff (FSR). 1f precipitation (PPTN) is
greater than a threshold value of soil moisture (THRES) , fast

surface runoff occurs.

If PPTN > THRES then FSR = PPTN - THRES
Otherwise FSR = O
Final moisture PPTN (f) = PPTN + SFS - FSR

~
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Ahera, SFS is initial surface storage available at the beginning of

the month.

Second priority is accorded to infiltration (INF). Ffor
infiltration minimum and maximum infiltration rates are defined.
If 20il is fully saturated or moisture is available tha minimum
infiltration INFMIN occurs. For other conditions infiltration

occurs according to exponential decaying function as undar:

(SMS * INFMIN)
INF = INFMIN + (INFMAX - INFMINY¥EXP(- --------------- )

(INFLMT - SMS)
with the condition that
INF cap not exceed PPTN (f).
Where, SMS = initial soil moisture storage at the beginning of the
month and INFLMT is a soil saturation capacity i.e. the maximum
volume of water that a soil can hold, and INFMAX is the maximup

possible infiltration.

PPTN(f) = PPTN(f) - INF

Third priority is given to guick surface runoff (QSR).
It occurs from the impermeable area of the catchment and vary with
the soil moisture deficit. The algorithm which describes this

process is ;

@SR = PPTN * IMPRM + (1 - IMPRM)*(PPTN*x*( SMS5/FC)

Where, IMPRM 1s the max impermeable fraction of the catchment when
the soil is fully saturated and,

L
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FC = Field capacity of the soil
If QSR > PPTN (f) then QSR = PPTN(f) and SFF =0.0
Otherwise

SFF = PPTN(f) - QSR

Soil storage : Input to this storage is infiltration (INF)
and output from this storage includes evapotranspiration (AE) and
deep percolation (DP). In this storage first priority is accorded
to evapotranspiration. 1I1f soil moisture (SM) is greater than FC,
evapotranspiration occurs at potential rate (EV), otherwise at a

lesser rate that too from permeable portion of the catchment.

If SM > SMAX1 then AE = EVY

Otherwise AaE = (1 - IMPRM) * EV * SM / FC
%M is calculated as,

SM - 0.5 * FIN + SMS

Final soil moisture is

SMF = SMS + FIN - AE

Now if sS0il moisture after satisfying demand of
evapotranspiration is greater than the field capacity (FC) of the
=0il, the deep percolation (DP) occurs, On the other hand if sail
moisture after checking or satisfying the requirement of
evapotranspiration is less than the field capacity of the soil

then DP i= zero.
If SMF > FC then DP - SMF - FC

and SMF = FC

otherwise, DP = 0.0
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(4)

(3)

(&)

Ground water storage : 1Input to this storage is deep
percolation (DP) from the uppsr soil storage zone and output is

tase flow (BF). BF is a percentage of ground water storage

BF = CBF * (DP/2. +GWS)

Wwhere, CBF =z a constant governing the flow of ground water and,
GWS = initial ground water storage.

Final ground water storage (GWF) is;

GWF = GWS - BF

Computed runoff at the end of month, from the area

representaed by that station is sum of QSR, FSR, DSR and GWF.

Q = QSR + FSR + DSR + GWF
comp

Similarly for other stations the process is repeated.
Final computed runoff of the catchment is the weighted average of

the computed runoff of individual stations.

The model has been successfully applied to simulate the
discharge of Damanganga, Sher and Kolar basins and for carrying
out sensitivity analysis of these basins using climate change

scenarios (Mehrotra and Divya, 1994).
5.2.2 Disaggregation model

various statistical techniques which permit the
interpolation of GCM output down to local scale are discussed in
the NTH report titled ‘Comparison of disaggregation
techniques®(NIK, 1995). As per the discussions of the report

disaggregation technique which was found to be the most suited one
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iz used in the present analysis. For detailed description of these
technicues, above mentioned report may be referred. Here

disaggregation technique is described only in brief.

Disaggregation technique was primarily proposed by
valencia and Schaake {1973). The basic goal of any disaggregation
model is to allow the presarvation of statistical properties at

more than one laval.

General form of disaggregation model used in the
analysis is :
Y = AaX
Here, in our context X is the grid point valua and Y |is
column matrix (wxl) containing corresponding (®) values at
different stations located within/outside the basin. A( wxl ) 1is
the parameter matrix .Parameter estimation of above equation 1is

done by using the method of moments as follows:

¥X XX
Here, SYx is the matrix of co-variances betwesen the
station values and the average basin value and S is the matrix

XX
of co-variances among the average basin values,

In this approach first parameter estimation of the above
equation is performed using the precipitation values for present
climate at differéﬁt stations and then the grid point wvalue
corresponding to a warmer climate is disaggregated using the above

equation.
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The monthly precipitation and temperature values
obtained from the three GCMs at grid points were disaggregated to
obtain the temperature and precipitation wvalues for basins for

present day and anomaly scenarios.

5.3 Data Used

5.3.1 Cbserved data

The monthly rainfall at four stations, namely Rehti,
Jholiapur, Birpur and Brijeshnagar are used to determine the
weighted average rainfall for the Kolar basin. The observed
monthly discharge at Satrana is used in the analyses,
Meteorological data (temperature, solar radiation, vapour pressure
and wind speed) for Bhopal (class I observatory) which is about 20
km away from the catchment, are used to compute

evapotranspiration.

The monthly rainfall data at the recording stations at
Ltakhandon, Harai and Jabalpur and the monthly discharge data of
Belkheri gauging site are used in thse study to obtain the rainfall
for Sher basin. Values of meteorcological parameters at Jabalpur

station are used to compute evapotranspiration.

There are 12 raingauge stations in and around the
Damanganga basin. Rainfall data of all the 12 stations are used to
compute the weighted average monthly rainfall of basin. Runoff
data at vapi G and Dn measurement site are considered in the
analysis. Data of IMD observatory located at Surat are utilised to

compute the value of evapotranspiration as no station in and
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around the basin records the meteorological parameters.

The monthly rainfall data of five stations, Mudigere,
Kotigehara, Saklaeshpur, HMankal and Arehalli bhas been used to
compute the average monthly rainfall of the basin and the
discharge data of the gauging station at Sakleshpur has been used
to calibrate and validate the model. Since the meteorological data
for the basin was not available, the pan evapotranspiration data
of Bangalore, just outside the basin was used. It was assumed that
the change in temperature by 1%c corresponds to a 4% change in
potential evapotranspiration (Budyko, 1980; Nemec and Schaake,

1982) .
5.3.2 GCM output

In the present study the output from three global
climate models have considered and the most representative one has
besn applied to the above mentioned four basins for present day
climate (current) and the changed climate due to increases in
greenhouse gases (anomaly) under IPCC’s scenario A conditions. The
models are ECHAM1 + LSG, MPI and CS5IRO9 modelé. The anomaly run
output for ECHAML + LSG and MPI have been taken as the mean of 10
years integration around the year 2080 {(average of years
2075-2084). For CSIRD9 model, the anomaly run corresponds to 2 X

CO2 scenario (by the year 2030).

(a) ECHAMI + L5G model

-~

The European Community HAMburg (ECHAMl) + Large Scale

Geostrophic ocean (L5G) model with a grid resolution of 5.625° X
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5.625° is  a coupled c¢limate model in which the atmospneric
component (ECHAM) of the Hamburg Climate Model (T21) is coupled to
the ocean component (LSG) developed at Max Planck Institute for
Meteorology, Germany. For details, the reader is referred to

Cubasch et al. (1992).
(b)) MPI T42 model

The MPI (Max Planck Institute) T42 model is version 3 of
ECHAM models without ceean but using the ECHAM1+LSG expariment’s
sea surface forcing for doubled 002 .The model has a rescolution of
2.812° x 2.812°. For further details pleacse refer to Lal et al.

(1933).
(¢}l CSIROY model

This model, with nine levels in the vertical directicn
was developed at the Commonwealth Scientific and Industrial
Research Organization (CSIRD), Australia. A slab ocean model with
prescribed heat convergence was coupled with the model to
implicitly determine sea surface temperatures. The diurnal and
seasonal cycles wers appropriately represented in the model. The
lower boundary condition of the atmosphere was determined by an
interactive land-surface scheme. The model has a resolution of
3.2%% 5,6°.The annual and seasonal mean global distribution of key
climatic elements simulated by the model appears to be comparable
to other atmospheric GGMs. For further details on the description
and perfarmance of the model the reader is referred to McGregor et

al. (1993) and Chakraborty and Lal (1994).
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Figures 5.5 to 5.7 show the locations of the basina
under study, namely Damanganga, Sher, Kolar and Hemavati and the

GCM grid polnts of ECHAML, MPI and CSIR0O9 models.

6.0 RESULTS AND DISCUSSION

6.1 Application of GCM output to the basins

The actual normal wvalues of precipitation and the
disaggregated GCM outputs for Damanganga, Sher, Kolar and Hemavati

basins on seasonal basis are given in Table &.1.

It is evident from Fig. &.1 that the monsoon and annual
precipitation obtained from ECHAMI model for the current level
scenaric is more close to the actual normal values for Damanganga
basin. However, for nonmonsoon months, other models, CSIRG? and
MPI simulate the precipitation better than ECHAML. Since about 90%
of precipitation occurs during monsoon months:; the model to
investigate the possible consequences of projected climate change
on hydrologic cycle components was chosen on the basis of (i)
simulation of monscon precipitation, and (ii) absoclute error
involved in simulating all seasonal precipitation. Therefore,
ECHAML model was chosen for the sensitivity analysis of Camanganga

basin.

MPI results appear to be more reliable for the Sher
basin, as it is capable of simulating precipitation better than

othar models fot all seasons (Fig. 6.2).

For Kolar basin, on the basis as discussed earlier

ECHAM1 model seems to be more reliable for assessing the climate
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change consequences (Fig. 6.3). However, it is observed that the
ECHAM]1 model overestimates the annual rainfall, and CSIR09 model
simulates the annual precipitation very closely. But the total
absolute error involved in simulating all seasonal rainfall is
more in case of CSIR09 model. MPI model underestimates the
preciplitation values, deviating by more than 20% from the normal
values. Therefore, ECHAMlI model is chosen for assessing the

possible climate change consequences on hydrologic parameters.

Following the same criterion for the selection of the
model, ECHAML model seems to be more reliable for Hemavati basin
(Fig. 6é.4). However, ECHAMl results are overestimated by
substantial amount during nonmonsocon periods, other two models;
CSIR0OS and MPI, show completely off to the observed ones for
monsoon and annual rainfall. Therefore, ECHAM1 is chosen for

further analysis for Hemavati basin.

6.2 Sensitivity of basins to climate change

The sensitivity analysis of runoff, avapotranspiration
and soll moisture {end of month) to expected changes in
precipitation and temparatuire has been carried out for the above
mentioned basins. Since. all the modals could not simulate the
observed climate; only one model, which could best simulate the
basin climate was chosen for the sensitivity analysis of the
particular basin, as discussed in section 6.1. The results of
ECHAM1 model are utilized to assess the sensitiveness of
Damanganga, kolar and Hemavati basins to expected climate change,
For the Sher basin, results of MPI model are taken for the

analysis. The monthly runoff, evapotranspiration, and s0il
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moisture are computed for the current level and ancmaly level of
climatic conditions using the disaggregated GCM outputs for
precipitation and temperature. Results of runoff,
gvapotranspiration, and soil moisture are reported on ssasonal
(monsoon: June-September; pre-Monsoon: March- May; post-monsoon:
October-November; and winter: December- February) and annual basis

for the current and anomaly levels of climatic conditions.(:ro-b}‘ 92.)‘
6.2.1 Damanganga basin

Temperatursa:
Due to expected climate change, the average temperature

. . o . . 0
is expected to increase by more thanh 2.5 C during winter, 3.0 C

. o . o .
during pre-monsoon, 1.0 ¢ during monsoon, 2.0 C during
post-monsocon and 2.8°C annually. Monthly average increase in

. o
remperature is expected to be more than 2.5 C.

precipitation:

pDue to expected climate change, precipitation is
expected to increase by 5 % during the monsoon period. Total
annual rainfall is also expected to increase by % %. Rainfall
during post-monscon period may increase, whereas during
pre-monsoon and winter periods, almost no change in precipitation

is expected (Fig. 6.5).

Maximum rainfall will occur in the same month, July, as

T -

it is occurring in the present climate.
Runoff:

The results show that the numerical quantification for

monthly balance is difficult for Damanganga basin. Qualitative
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assessment can be done for annual and monsoon months., Analysis of
GCM results is difficult for 1less rainy periods; pre-monsoon,
post -monsoon and winter, because model is not able to simulate

precipitation accurately in these periods.

For Damanganga basin, peak in runoff occurs earlier, but
its intensity is moderately reduced, although there is hardly any
difference in annual budget. There is a shift of-one month (from
August to July) in the occurrence of peak. The runoff is expected
to decrease during monscon season, and increase in  nonmonsoon

seasons at anomaly level of climatic condition (Fig. 6.6).

Evapoltranspiration:

The evapotranspiration is likely to increasse by 13% and
3% for monsoon months and on annual basis (Fig. 6.7). However,
this is underestimated when compared to the results of sepsitivity
analysis using observed data for the climate change scenario of
3°C increase in temperature and precipitation increase between 5%

and 10% (Mehrotra and Divya, 1994).

Increased temperature and expected change in
precipitation cause 15 % increase in evapotranspiration during
post-monsoon period. However, there is appreciable decrease in
evapotranspiration during winter and pre-monsoon period. Similar
results are observed by the analysis of sensitivity experiments
carried out by Mehrotra and Divya (1994), in which z°c rise in
temperature and precipitation increase between 5% and 10% was

considered for the basin.
Increase in evapotranspiration during the monscon period
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is caused by the increase in temperature as evapotranspiration
takss place at potential rate. However, decrease in
evapotranspiration during winter and pre-monsoon periods is due to

decrease in availability of soil moisture.

Soil moisture:

The results show that the soil moisture is expected to
increase during monsoon and post-monsoon seasons (Fig. 6.8).
However, it may decrease during winter and pre-monsoon sSeasons,

and annually.
6.2.2 Sher basin

Temperature:

Surface temperature is expected to increase by more than
2.5 DC during winter and pre-monsoon periods, and 1.5 OC during
monsoon period. Monthly average increase in temperature is
expected to be more than 2.5 OC. Similar results have been

reported by Lal and Chander (1993).

Precipltation:

At anomaly level of climatic condition, precipitation is
expected to increase by more than 5 % during the monsoon period
(Fig. 6.9). Total annual rainfall may increase substantially. Lal
and Chander (1993%), assessing the potential impacts of climate
change on hydrology for Indian sub continent analysing the MPI
(T-42) model results have found similar results for the region
corresponding to latitude and longitude of Sher basin. Their
findings include: an increase in rainfall during monsoon and

pre-monsoon periods, and an increase in annual rainfall. However,
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our results show that there is decrease in rainfall during winter

periocds, whereas no change was reported by Lal and Chander {(1993).

The results indicate that the maximum rainfall will
occur 1n the same month, August, as it is oeccurring in the present

climatae.

Runeff:

The results for Sher basin, like Damanganga also show
that the monthly runoff wvalues can not be numerically guantified
and qualitative assessment can be done for annual and monsoon
months. Furthermore, analysis of GCM results is difficult for
pre-monsoon, post-monsoon -and winter, when precipitation is less,
because model is not able to simulate precipitation agcurately in

these periods.

Runnff during monsoon season, and annually may exceed by
15% at anomaly level scenario (Fig. é.10). During winter period,
runoff seems to decrease. Similar results; increasing trend in
annual and monsoon runoff, and decreasing trend in runoff during

winter period; were also observed by Lal and Chander (1993).

Pattern of runoff shows that time to peak remains same,
but peak intensity is slightly reduced; although annual runoff 1is

expected to increase due to increased global warming.

Evapotransplration:
The evapotranspiration for monsoon months and annual
value is likely to increase by 30% and 50% (Fig. 6.11). However,

these values seem to be overestimated when compared with the

49



Arewouy
L]

uaun)

[ ]

SUOTITPUOGD DT1BWITD JO (2A8T (Butwiem asnoy
-ueaJuf 03 anp 080Z 4e8A Aq) Alewoue pue (Aep quessud)
JusLJIND 404 UTSEq JBUS 404 JJOuUnt Tenuue pue Teuosess OT'9 "Bl

fenuue  uow-aid  JBUM  uow-isod uoosuous

- " __< \ Tltmn\I\_N F\.\, p /. - O
ww : : 4001
W . +002
m_ % "y
| L c
| o S5
! : Y 400 7
2 3
3
+00%
+006
009

50



SUOTITPUOD DTIEUWTTD JO Tanal (BuitwJdem ssnoyusalb 01 anp
080Z  J4e8A AY) ArTewoue pue (Aep juesedd) us4dns JoOy
uiseq J4ays Jo} uoTlledidsuellodessd [EBNUUE pue TePUOCSEBS TT1°9 BT

Aewouy
]

Juernn

lenuuy ISl UOWIHISO4 UOOSUOp
e ” [ ] ———0
_ Cor T
- 1T
0 o oy 1 root
: | L - Tﬂoom
| |
i |.+00€
Al ] H
| | R ¥
o +ooy
—
+00S
|
oo
?OON

uoitelidsueli-odeag

)

(Wit

51




sensitivity experiments using climate change scenarios ( a
. <] .. .
temperature increase of 3 C and precipitation change of about +

20%) (Mehrotra and Divya, 19%94).

ET increases in all seasons for the Sher basin. It is
expected to increase by more than 10% per °C increase in
temperature. During post-monsoon and pre-monsoon periods, there is
substantial increase in ET. These results are also supported by
earlier findings (Mehrotra and Divya, 19%4). Lal and Chandar

{1993) also showed increase in evapotranspiration.

The increase in evapotranspiration is observed due to
increase in temperature and availability of scil moisture during

all the seasons.

Soil moisture:

S50il moisture is expected to increase during all seasons
(Fig. &€.12). However, Lal and Chander (1993) concluded that soil
moisture increases during monsoon season and annually, whereas no

change was observed during pre-monsoon and winter periods.
6.2.3 Kolar basin

Temperature:

Average surface temperature is expecied to increase by
more than 3.5 0C during winter, 4.0 OC during pre-monsocon andg
post-monsoon, 2.0 OC during monsoon and 3.55°¢ annually. Monthly

. . . (=)
average increase in temperature is expected to be more than 3.5 C,

FPrecipitation:
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Rainfall is expected to increase by more than 30%,
during monsoon, and 45% annually (Fig. 6.13). Substantial increase
in post-monsoon rainfall 1is expected. In other 'seasons also,

precipitation is expected to increase.

Maximum rainfall appears to occur earlier by two months

(June instead of PAugust).

Runofr:

Runoff appears to increasa by morae than 20% during
monsoon season and annually (Fig. &6.14). Runoff during low flow
periods will hardly differ except during post-monsoon season in
which it will increase. Similar characteristics were also reported

by Mehrotra and Divya (1994).

Evapotranspiration:

ET is expected to increase in all seasons (Fig. 6.15).
Substantial increase is observed in monsoon, post-monscon and
annual evapotranspiration. Increase in ET is expected to be more
than 40 % during monsocon and 55 % annually due to increased

temperature.

Soil moisture:

Soil moisture increasss annually and also during winter,
pre-monsoon, monsoon and post-monsoon seasons (Fig. &.16).
Appreciable increase in soil moisture is observed {§n annual,
monsoon and post-monscon balance. Soil moisture may increase more
than 18% anpually and 36% during monsoon period in a changed

climatic conditions.
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6.2.4 Hamavatl basin

femnuparature:
Surface temperature is expected to increase more than 2

o .
C during all seasons.

Frecipitation:

The analysis indicates that monsoon rainfall seems to
decrease by more than 15% (Fig. 6.17). During other seasons, more
rainfall is expected. Substantial increase in rainfall is expected
during winter and pre-monsoon seasons. Although considerable
increase in precipitation is expected during winter and
pre-monsoon seasons, annual rainfall appears to hardly increase

more than 3%.

Heavy rainfall is expected in the beginning of monsoon
period, but its intensity decreases at a faster rate in subsequent

months.

Runoff:
During the monsoon period, flow decreases more than 10
%, whereas it increases during the low flow periods. Annual runoff

is expected to decrease by 10 % (Fig. 6.18).

Time to peak remains the same, but peak magnitude is

retarded.

Evapotranspiration:
Evapotranspiration may increase by 10 % during monsoon

and post-monsoon seasons. During winter season and annually,
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evapotranspiration is expected to increase more than 20 % (Fig.

&.19). Pre-monscon ET may increase more than 40%.

Sorl moisture:

Soil) moisture is expected to increase 1in all seasons
except monsoon and post-monsoon (Fig. 6.20). In monsoon and
post-monsoon seasons, no change in so0i1l molisture 1s observeaed.
Increased precipitation in the winter months increase the winter
spil moisture storage, and make mwmore moisture availables for
evapotranspiration during pre-monsoon period (Figs. 6.19 and
6&.20). Increased temperature causes i1ncrease 1in pre-monsoon

evapotranspiration.

7.0 CONCLUSIONS AND REMARKS

The sensitivity analysis for the four basins, wviz.
Damanganga, Sher, Kolar and Hemavati to expected changes 1in
temperature and precipitation as revealed by different GCMs has
been carried out in the present study. The findings are based on
the best possible information available. However, there are
several simplifications and uncertainties associated with the
results that need tc be highlighted. One of the major bottleneck
in the present study was the availability of complete set of
meteorological data for a limited period only, which is one of the
major constraint for carrying out impact studies for Indian

basins. A longer set of data may provide better results.

The sfﬁdy iz based on the results from the GCMs, which
are still in the developmental stage. The incorporation of

hydrologic parameterizations in GCMs is still crude and the grid
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resolution is less. With increasing improvements in GCMs and more
realistic GCM output for present day and future climate, the
regional evaluations of impacts on hydrology may provide important
insights. Although, the best GCM output was chosen for tha
analysis of climate change impact o©on a particular basin, some
errors in the analysis are encountered because of incapability of
simulating the present day climate of particular basin adequately.
The studies reportad here point towards a need for improvement of
climate models/ development of regional models so as to obtain
more realistic information on regional climate change that can be

used for impact studies.

With the above limitations the general conclusions of

the study for the regional scale assessment are snumerated below:
1. The sensitivity of different basins is different. Tha
specific conclusions of the study pertaining to diffearent

basins have been discussed earlier.

It is to be pointed out that the conclusions made in the

»

present study should be interpreted as gualitative assessment

only.

x. Temperature rise in different seasons due to increase in
greenhouse gases (by the year 2080) is expected to be within
the range 1J4° Cc for the Damanganga, Sher, Kolar and Hamavati
basins. Monthly average increase 1n temperature 1s expected

to be more in Kolar basin than in other basins.

4. In Hemavati basin, heavy rainfall is expected in the
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beginning of monsoon period, but its intensity decreases at

a faster rate in subseguent months.

Numerical quantifications for analysis of precipitation,
runoff, evapotranspiration and soll moisture may not be
proper, and realistic prediction of these wvariables on

monthly basis in a warmer world may not be accurate.

Rainfall over the Damanganga and Shar basins is expected to
be more than 5% during monsoon and annually. Substantial
increase in monsoon, pre-monsoon and annual rainfall is
expected for Kolar basin, whereas Hemavati basin shows a
decrease of more than 15% in monsocon and 3% increase in

annual rainfall.

Runoff appears to decrsase during monsoon season and annually
for Damanganga and Hemavati basins; whereas 1t seems to

increase for the Sher and Kolar basins.

Evapotranspiration is expected to increase during the monsoon
season and annually for all the basins, as ample moisture for

evapotranspiration is available during monscon.

350i) moisture is expected to increase during all seasons for
Sher and Kolar basins. For Damanganga basin, so0il moisture
will increase during monsoon and post-monsoon s8asons,
whereas it will decresase during winter and pre-monsoon
sgasons, In*case of Hemavati basin, soil moisture appears to
increase in all seasons except monsoon and post-monsoon  in

which no change is observed.
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10. It is observed that basins belonging to relatively dry
climatic region are more sensitive to climate change
scenarios. Kolar (moist sub humid) and Sher (dry sub humid)
are comparatively more sensitive to climate change, whereas
Damanganga f{(humid) 1is the least sensitive. The similar
characteristic, the arid regions are more sensitive to
climate change, are reported by many researchers. Thus, basin
aridity appears to be positively associated with basin
sensitivity, the same has been also reported by Dooge (1989).
The degree of sensitiveness seems to be dependent on the

degree of aridity of the basin.

A very wide climate variability exists within India, and
thus climatic change may have serious implications con many aspects
of water resources including agricultural water supply, Tflooding
and drought probabilities, groundwater potential, water gquality,
and reservoir design and operation. If substantial hydrologic
changes materialize due to climate change predictions inferred
from GCMs, 1t may affect adversely the Indian economic performance
and social progress. Agriculture, a principal source of the
national economy, and industrial growth may have acute
consequences due to drastic change in temporal and spatial
distributions of hydrologic parameters. Besides the crop
production and industrial growth, flood and drought aspects need
special attention, because these are common phenomena in  India.
However, before going for more detailed impacts studies on
economic and socioeconomic factors, regional sensitivity studies

are needed to pursue in maore regions of India.
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