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Abstract: This study evaluates the impacts of possible future climate change scenarios on the hydrology of the
catchment area of the Manjalar sub basin of River Vaigai, Tamil Nadu, India carried out at the department of Soil
and Water Conservation Engineering, Tamil Nadu Agricultural University during the period of 2011-2014 using Soil
and Water Assessment Tool (SWAT). For the climate impact assessment the hydrological model was driven with
output of bias corrected Earth System Models of the Coupled Model Intercomparison Project Phase 5 (CMIP5):
HadGEM2. Climate scenarios were downscaled to a grid resolution of 0.22°x 0.22° In this study RCP 4.5 and RCP
8.5 were included for future assessment with three future periods: 2012—-2039, 2040-2069, and 2070-2098. The
projected increase in maximum and minimum temperature for RCP 4.5 scenario is 0.8 to 2.3 °C and 0.7 to 1.6 °C
and for RCP 8.5 scenario is 1.1 to 4.0 °C and 1.0 to 3.1 °C, respectively. Rainfall is projected to an increase be-
tween 9.2 to 15.2 per cent for RCP 4.5 scenario and an increase of 13.6 to 18.8 per cent for RCP 8.5 scenario dur-
ing 21 century. The soil water storage and stream flow contribution to ground water are likely to increase in RCP
4.5 scenario and it would again decline for RCP 8.5 scenario during 21% century. The increase in annual rainfall
evapotranspiration and surface runoff would be more in RCP 8.5 scenario compared to RCP 4.5 scenario. The possible
changes projected by the study provide a useful input to effective planning of water resources of the study area.
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INTRODUCTION corresponding to the specific climate change séesar
using a suitable hydrological model is possibledne

The climate change driven by anthropogenic greeny, quantify the corresponding changes in the hydyp|

house gas emission will alter the freshwater resssur ; i :

. . X .. of the basin. However, the projections of the esten
(IPCC 2014), which might adversely stress its avail ot yhage climate variables for a future period it
?b"'ty and use (Ge_rteet al., 2013_)’ and increase the directly from GCMs are of limited value for any gju
risks associated with changes in runoff and streamg " gpatial resolution of GCM is too coarseeto r
ﬂo‘l'lv églrgbayasnlet a(\jl 2|OO%., 201?;]’ Gozs(;mg and Ar— solve many sub-grid scale hydrological processes an
ne Il ¢ ArTe_ an Ldo% - Hughes 1_4)' Varlouz because the output is always unreliable at indadidu
general circulation model (GCM) experiments an grid. Spatial downscaling methods have been prapose

studies |nd|c?éebthat a sut(;stanual rsein gldhgjh- q to solve this problem. The methods used to convert
perature would be expected as a consequence al-a dog outputs into local meteorological variablesdise

bling of carbon dioxide (CO2) concentrations. As & for hydrological modelling are referred to as down-

result, climatic processes are likely to intensifilud- scaling techniques (Dibike and Coulibaly, 2005; &u
ing the severity of hydrological events such as al., 2009) '
droughts, flood waves, and heat waves. These propng annroaches employed to change GCM data to a
jected effects of possible future climate changeldo e seale could be broadly classified into twdegm-
significantly affect many hydrologic systems, whioh o gatistical downscaling and dynamical down-
]'Elurn gﬁept the |_\|/vater availability and rurme ariubt_bl scaling (Tripathiet al., 2006). Statistical downscaling
flow in rivers. Hence, an assessment of the possibl eihoq establishes an empirical relationship betwee
Impacts (_Jf c;hmate change on the hydrlology of drbas GCM climate variable and local climate (Kaet, al.,

IS ess:entlal_lnthe wake of global warming. - 1990), whereas in dynamical downscaling Regional
By simulating stream fl_ow from precipitation and Climate Model (RCM) is embedded within a GCM.
temperature  data derived from GCM outputs Dynamical downscaling techniques can be grouped
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Fig.1. Location of study area. Fig.2. Soil map of Manjalar sub-basin.
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into two classes such as high resolution and viriab by four Representative Concentration Pathways
resolution atmospheric GCM (AGCM) and Regional (RCPs) following: Most al., (2010) and van Vuuren
climate models (RCMs). The main advantages of RCMet al. (2011a), defining different amounts of radiative
include its ability to simulate high resolutionanfma-  forcing on the atmosphere. There are four RCP seena
tion on a large physically consistent set of clienadri-  ios: RCP2.6, RCP4.5,RCP 6.0 and RCP8.5. These
ables and its better representation of extremeteven  scenarios are formulated such that they represent t
Future emissions and the future state of society arfull range of stabilization, mitigation and baselin
inherently unknowable, and are typically represgénte emission scenarios. The naming convention reflects
by suites of plausible scenarios. Many studies havesocioeconomic pathways that reach a specific riadiat
used the IPCC’'s SRES scenarios (IPCC 2000) tdorcing by the year 2100. For example, RCP8.5 leads
characterise future emissions and socio-economido a radiative forcing of 8.5 Wrhby 2100.
characteristics. The emissions trajectories in ehes The forecasts look at only two of the four scermario
scenarios were determined by the assumed socioRCP 4.5 and RCP 8.5. The RCP 4.5 emissions sce-
economic conditions; the A2 socio-economic stogylin nario is a conservative/business-as-usual trajgctor
is matched with an A2 emissions profile, and so on.while RCP 8.5 is a worst case emissions scenahie. T
However, such an approach does not readily allow arSoil and Water Assessment Tool (SWAT) (Arnetd
assessment of the relative importance of emissiongl., 1998) is a process-based continuous hydrological
trajectories (or the rate of climate change) vesa@go  model that can predict the impact of land managémen
-economic futures on the potential consequences opractices spatio-temporally on water and agricaltur
climate change. A new assessment methodology theregields in complex watersheds with varying soilsyda
fore adopts a ‘matrix’ approach, assessing impactaise and management conditions.

under different combinations of rate of change andThe Vaigai basin is an important basin among the 12
socioeconomic futures (Moss et al. 2010). Undes thi basins lying between the Cauvery and Kanyakumari
approach, the rate of climate change is charaet#riz and it has fertile, lush green paddy fields andl wel

Table 1. Observed and SWAT simulated average monthly striiaww at different gauging stations of Manjalar dodsin
during calibration (1992-1995) and validation (19998).

Reservoirs Average stream flow (cfs) PBIAS NSE R?
Calibration Observed Simulated (%)
Vaigai dam 1926.25 1663.64 -13.63 0.91 0.96
Manjalar dam 1458.15 1230.3 -15.63 0.97 0.97
Validation Observed Simulated
Vaigai dam 6902.23 5965.33 -13.58 0.96 0.99
Manjalar dam 1837.53 1555.92 -15.33 0.97 0.99
Table 2. Annual changes expected in maximum and minimum ezaipre {C) in Manjalar sub- basin.
Maximum temperature (°C)

RCP 4.5 RCP 8.5
Seasons BL NC MC EC NC MC EC
Annual 30.2 31.0 31.8 32.5 31.3 32.6 34.2
Minimum temperature (°C)
Annual 18.1 18.8 19.7 20.3 19.1 20.5 22.2
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Fig. 3. Land use/ Land Cover map of Manjalar sub-basin.

developed irrigation system. Next to Cauvery river
basin, this basin can be considered as the grasfary
Southern Tamil Nadu. Manjalar sub-basin is the @ne
the important basin in Vaigai. The Manjalar subifbas
is grouped into 4 sub basins such as Varattar dagal
Varahanadhi, Manjalar and Sirumalaiar sub basin an
spread over an area of 2166%®#0% of the basin area
(873.3 knl) is covered with hills and dense forest
cover.

This paper presents an assessment of impacts
climate change on Manjalar sub basin exposure t
changes in hydrology using the SWAT model. The
hydrological model is validated for the baselineiqe

with the downscaled output of GCMs. The assessmeng;g

ci. 8 (3): 1670 - 1679 (2016)

77°300"E 77°400"E 77°50°0"E

10°20'0"N F10°200"N

10°10'0"N F1o100"N

10°0°0"N- Ftos0oN

fip:
Legend
Drainage

Il River_Tanks
0255 10 15 20
— —

9°50°0"N- Kilometers Fess0'0"N

77°300°E 77°400"E T7°500°E 78°00°E

Fig. 4. Location Map of Vaigai and Manjalar Dam.
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of impacts of climate change on the study area ISANAT modd.

carried out by incorporating the future rainfalldan
temperature data was downscaled using HadGEM

2/aigai basin in east coast of India in Tamil Nadu

model. The changes in simulated hydrology in theregion from latitude %0” N to 1620°'N and 7720" E
study area between current and future scenarios ar® 78 10’ E longitude. The sub basin, as determined

investigated under two different combinations dkra
of climate forcing (RCP4.5 and RCP 8.5) scenarios.

MATERIALS AND METHODS

Study area: The 2166 kA Manjalar sub basin
(Fig. 1), selected for this study, is a sub-badiihe

using National Remote sensing Centre (NRSC) was
comprised of 32.8% Agricultural land, 24.8% forest,
16.6% Plantation and orchard crops, 12.1% current
fallows, 9.3% waste lands, 2.4% water bodies afd 2.
% urban area (Fig. 3). Manjalar sub- basin has a
variety of soils (Fig 2); majority of the area is

Table 3.Changes in mean annual rainfall in Manjalar sulsirbeor RCP 4.5 and RCP 8.5 scenarios.

RCP 4.5 RCP 8.5

BL (mm) NC (mm) MC (mm) EC (mm) NC (mm) MC (mm) EC (mm)
Basin 1 1124.7 1325.6 1385.6 1396.9 1354.1 1392.8 470.8
Basin 2 1275.2 1402.4 1445.4 1477.1 1469.1 1479.1 525.8
Basin3 945.1 951.4 967.4 977.4 974.2 974.9 988.5
Basin 4 601.5 630.7 672.2 696.8 685.5 692.2 702.3
Average 986.6 1077.5 1117.6 1137.1 1120.7 1134.7 1171.7
% of deviation from baseline
Basin 1 17.9 23.2 24.2 20.4 23.8 30.7
Basin 2 10.0 13.3 15.8 15.2 16.0 19.6
Basin3 0.7 2.4 3.4 3.1 3.1 4.6
Basin 4 4.9 11.7 15.8 14.0 15.1 16.8
Average 9.2 13.3 15.2 13.6 15.0 18.8

Note: BL- Base Line (1982-2012), NC—Near Centu12039), MC-Mid Century (2040-2069), EC-End Cen{2070-2098)
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Table 4. Comparison of Change in Land Use.

s Land use category Area in Area in
N.  ILevel Il Level SAKmMAS % Sq.Km %
) on 2001 As on 2010
L Bultup  Settlement 4333 200 6889 3.8
2  Crop land Wet crop land-Paddy, Sugar cane and ba-
nana.

Dry crop land- Groundnut, ragi, cholam, 710.59 32.80 615.48 28.41
cumbu, maize, cereals, cotton, chilies, black
gram, red gram, vegetables, floriculture etc.

3 Forestland  Medium Dense forest
Dense forest and plantation
Hills covered by shrubs/ scrubs 896.90 4140 933.73 43.10
Reserved Forest

4  Waste land Barren land, Rocky out crop, stonytevas
Area affected by alkalinity/salinity 463.62 21.40 491.56 22.69
Land covered by shrub/ scrub

5  Water bod- Back swamp

ies Tanks 51.99 2.40 56.76 2.62

Reservoir

Total area 2166.43 100.00 2166.43 100.00

dominated by loam (60.1%) and sandy clay loamAcquisition and Model (SWAT) used in the study.
(12.0%) soil. The soils in remaining areas are sandsoil and water assessment tool (SWAT)was used to
(2.0%), sandy clay (10.2%), clay (0.3%), clay loam set up and develop models for the Manjalar subnbasi
(4.1%), sandy loam (3.5%) and loamy sand (7.8%) soiData required in this study included Digital Elegat
based on the soil texture using the pedo-transfeModel (DEM), soil properties, land use/cover, clima
functions developed by Saxton and Rawls (2006).data such as precipitation, solar radiation, nredati
Elevation in the subbasin varies from 143 to 2410 mhumidity, wind velocity and minimum/maximum
The study area is characterized by hot summers angemperature. A 90-m resolution DEM was used to
mild winters with average temperatures of 29.5°n@ a delineate the watershed and sub-watershed bousdarie
17.6° C, respectively. The long term annual averagevhich were used in the model. A digital soil majy(®
rainfall in the watershed is 876.9 mm. The meanof Tamil Nadu at 1:50,000 scale obtained from Remot
annual precipitation varies from about 600 mm &t th Sensing Unit of Tamil Nadu Agricultural University
central and south western plain area to more thafTNAU) was used to define the soils of Tamil Nadu-p
1590.3 mm at the North western mountain areas. Théon of the basin. The Land Use/Land Cover map (Fig
survey of India Toposheets Nos. 58 F8, 58 F11, 58) was obtained from the National Remote Sensing
F12, 58 F15, 58 F16, 58 G9, 58 G13, 58 J4 and 58 KTentre (NRSC) for the year 2007. Daily precipitatio
cover the area. The major sub basins of this ba&n minimum and maximum air temperature, solar
Varattar - Nagalar, Varahanadhi, Manjalar- radiation, relative humidity, and wind velocity dat
Marudhanadhi and Sirumalaiar (Fig. 1). Databetween January 1982 and December 2012 were

Table 5.Changes in mean annual Evapo transpiration (ET)anjMar sub- basin for RCP 4.5 and RCP 8.5 scenarios.

RCP 4.5 (in mm) RCP 8.5 (in mm)

BL (mm) NC (mm) MC (mm) EC (mm) NC (mm) MC (mm) CHmm)
Basin 1 2131 2145 228.1 231.3 235.2 244.3 246.2
Basin 2 223.1 224.9 233.1 2447 264.5 269.5 276.5
Basin3 187.6 193.9 200.3 196.0 194.3 203.6 209.1
Basin 4 155.3 158.3 161.0 164.2 169.1 171.5 175.5
Average 194.8 197.9 205.6 209.0 215.8 222.2 226.8
% of deviation from baseline
Basin 1 0.7 7.0 8.5 10.4 14.6 15.5
Basin 2 0.8 4.5 9.7 18.6 20.8 23.9
Basin3 3.4 6.8 4.5 3.6 8.6 11.5
Basin 4 1.9 3.7 5.7 8.9 10.5 13.0
Average 1.6 5.6 7.3 10.8 14.1 16.5
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collected from Institute of Water Studies (IWS)p@nd-  uncertain initial conditions. Model was first cakibed
water division, Public Works for stream flow using data from the gauge station.
Department, Taramani, Chennai (Fig. 1). Flow data f Quantitative measures Percent BIAS (PBIAS),
the period from 1982 to 2000 were obtained from Coefficient of determination @R and Nash-Sutcliffe
gauging stations of Vaigai dam and Manjalar damEfficiency (NSE) were also used during calibration
which were located within the sub basin (Fig. 4).

Climate model and climate scenarios:Regional RESULTS AND DISCUSSION
Climate Model (RCM) used for the study was RegCM Evaluation of hydrological model - SWAT model:
4.4rc 22 (Regional Climate Model version 4.4), Whic Comparison between observed and SWAT simulated
was free source obtained from International Ceftre  average monthly stream flow at different gauge sta-
Theoretical Physics, Italy under Earth System Risysi tions in the Manjalar sub- basin (Table 1) reveated

Section in this site:https://gforge.ictp.it/gf/peofiregcm/  the simulated stream flow matches well with the ob-
frs/? action=Frs ReleaseBrowse&frs_package_id=8L. F served values. The®Ralue is more than 0.90 during

climate change study to run the RCM, Global Climatecalibration and validation period for all the simea
Model output of HadGEM2 was used under RCP 4.59auge stations which indicated good agreement
and 8.5 scenarios. The model was run for 0.2222°0. petween observed and simulated flows.

resolution. Daily data was obtained by means ofl she percent BIAS (PBIAS) values for monthly stream flow
script as output for six weather parameters viaars  during calibration and validation periods were fdua
radiation (MJ/m), maximum temperature (°C), mini- be between -13.58 and -15.63 %. This indicates that
mum temperature (°C), rainfall (mm), relative humid the SWAT model could be well used to predict the
ity (%) and wind speed (Km/h). The output was in 30 average monthly values of stream flow and the model
days calendar, so for the months with 31 days,a@eer simulation is good as the PBIAS is < +20 per chiaish

of 30" of previous month and®lof succeeding month  Sutcliffe Efficiency (NSE) gave very high valuesridg
was taken. In case of February two days were rechovethe simulation period under calibration and vaiatat
for normal years, in case of leap year one dayealon (0.91 to 0.97) for the two control points indicatithe
was removed. A total of 128 years of simulation hasgood predictability of stream flow by the SWAT mbde
been conducted; 35 years each belonging to Bage LinThe coefficients of determination YRvalues were also
(BL: 1971-2011), Near Century (NC: 2012-2039), Mid very high (0.96 to 0.99) showing very close sinitijar
Century (MC: 2040-2069) and End Century (EC: 2070between simulated and observed stream flow. Mogtasi
-2098) climate scenarios. al. (2007) found that the statistical measures (NSE, R
Flowchart for the impact of climate change on  for monthly stream flow are above 90 per cent iaiitig
hydrology of Manjalar sub basin: The overall  very high predictability of the model.

methodology for SWAT model and climate change The Rvalue for annual stream flow during calibration
impacts assessment is presented in the flowcharind validation period was more than 0.90 for the tw
(Fig.5). reservoirs (Vaigai and Manjalar) indicating high- de
Calibration and validation of SWAT model: SWAT  gree of collinearity between simulated and observed
model was run from 1989 to 1998.The periods 1992—ata. Santhét al. (2001) and Van Lievet al. (2003)
1995 and 1996-1998 were selected as the calibratiopbserved that the stream flow during calibrationl an

and validation periods, respectively, for flow. Tivst  validation period was more than 0.90, indicates tihe
four years (1989-1991) were used to minimize values are high degree of collinearity.

Table 6.Changes in mean soil water storage in Manjalar kabin for RCP 4.5 and RCP 8.5 scenarios.

RCP 4.5 RCP 8.5

BL (mm) NC (mm) MC (mm) EC (mm) NC (mm) MC (mm) H&im)
Basin 1 544.5 567.0 573.9 575.4 546.8 515.3 520.4
Basin 2 417.9 421.3 443.2 429.6 457.7 410.8 408.4
Basin3 226.8 232.2 242.7 244.9 237.2 196.2 186.6
Basin 4 108.2 116.7 117.3 117.5 110.0 85.8 74.4
Average 324.4 334.3 344.3 341.8 337.9 302.0 297.4
% of deviation from baseline
Basin 1 4.1 5.4 5.7 0.4 -5.4 -4.4
Basin 2 0.8 6.1 2.8 9.5 -1.7 -2.3
Basin3 2.4 7.0 8.0 4.6 -13.5 -17.7
Basin 4 7.8 8.4 8.6 1.7 -20.7 -31.3
Average 3.1 6.1 5.4 4.2 -6.9 -8.3
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Changes in themaximum and minimum tempera-  (2040-2069) and 24.2 and 30.7 percent in the end ce
ture due to climate change:The RCP 4.5 showed an tury (2070-2098) of RCP 4.5 and RCP 8.5 scenarios
increase of annual maximum temperature of 0.8°Cthan other basins (basin 2, 3 and 4). It was faihadi
1.6°C and 2.3°C from baseline temperature of 30.2°Che Basin 1 has been receiving more amount ofabinf
for near, mid and end centuries respectively (T&ple followed by Basin 2, 4 and Basin 3 for both scevsri
Similarly, the RCP 8.5 showed still higher increase The precipitation increase in the basin 1 and basin
temperature of 1.1°C , 2.4 °C and 4.0°C frommight be because of dense forest cover (Fig 3)pan
baseline temperature of 30.2°C for near, mid amtl e crease in mean annual surface air temperatureighd h
centuries respectively. This model produces a wagmi elevation in that area.

trend in the end century under RCP 8.5; in contrastincreased greenhouse concentration {&fcentra-
RCP 4.5 predicts a lower average warming rate fottion of RCP 8.5 is above 1300ppm whereas RCP 4.5 is
near, mid and end century with the decreasinge50ppm) leads to increased atmospheric moistuie var
radiative forcing (Fengget. al., 2013). Similar kind of  ability due to increased surface warming which also
increased projection for India was also observed byeads to accelerated hydrological cycle and ine@@as
Rajiv kumar et al., (2012). A higher increase in regional precipitation variability among the basins
minimum temperature was noticed both in RCP 4.5((Lambertet al., 2006; Stottet al., 2010). Because of
and 8.5 scenarios. The scale of increase fromibasel the above reasons, the RCP 8.5 scenario receives mo
minimum temperature for RCP 4.5 (0.7, 1.6 and 1).6°C rainfall than RCP 4.5 scenario.

and RCP 8.5 (1.0, 2.4 and 3.1°C) respectively fromClimate change on land useThis study was taken up
baseline temperature of 18.1°C for near, mid antl ento assess and analyze the past and present chainges
century. Rupakumaet al., (2006) also found that the agricultural land use geographically over a perafd
maximum and minimum temperatures are alsoone decade (2001 and 2010) using remote sensing and
expected to increase into the future. GIS technique. The results indicate that severd lan
Changes in the annual rainfall due to climate use changes have occurred in agricultural, built up
change: The mean annual rainfall expected to increasdand, water bodies and waste land areas which have
is about 1117.6 mm (13.3%) in mid century andbeen experienced in the study area between 2001 and
1137.1 mm (15.3%) in the end century of RCP 4.52010. A comparative statement is shown in the Table
scenario, whereas the same is expected to increage Total built up land observed in 2010 is arouBB6
about 1134.7 mm (15.0%) in mid century and 1171.7sq.km i.e.3.18 % of the total basin area wherenas i
mm (18.8%) in the end century of RCP 8.5 scenario2001 the built up land constituted in the basiraaras
(Table 3) in the basin. The end century showed &3.33 Sqg.km i.e. 2.0 %. So the built up land has in
significant increase in precipitation compared tml m creased three times due to increasing habitati@h an
century, near century and baseline for both scesari industrial growth.

This result is in line with the findings of Rupa ikar ~ The total extent of the crop land observed in 2010
et al., (2003) which showed that, the increase ofsatellite imagery is about 615.48 sq.km i.e. 28.41%
rainfall is likely to increase all over Tamil Nadtuthe  the total basin area whereas in 2001 this cayegor
future years. occupies about 710.59 sq. km i.e. 32.80 % of the to
Rainfall projections among the four basins of Mé&rja sub basin area. Reducing trend of agriculture gietsv
sub basin, Basin 1 has been likely to receive migheis being observed for the past one decade. Almost
rainfall of 17.9 and 20.4 per cent in near cen{@312  95.11 sg.km of cultivable lands i.e. 4.39 % haverbe
-2039), 23.2 and 23.8 per cent in the mid centuryreduced during the past one decade is due to e va

Table 7.Changes in mean surface runoff in Manjalar sub+bsiRCP 4.5 and RCP 8.5 scenarios.

RCP 4.5 RCP 8.5
BL (mm) NC (mm) MC (mm) EC (mm) NC (mm) MC (mm)  CHmm)

Basin 1 154.2 196.0 228.3 258.0 347.0 379.4 390.6
Basin 2 474.3 664.3 669.8 881.3 755.8 866.2 991.5
Basin3 145.3 187.0 190.5 193.4 221.0 282.3 292.2
Basin 4 200.6 412.3 428.6 468.7 459.6 569.7 574.6
Average 243.6 364.9 379.3 450.4 445.8 524.4 562.2
% of deviation from baseline

Basin 1 27.1 48.0 67.2 125.0 146.0 153.3
Basin 2 40.1 41.2 85.8 59.4 82.6 109.1
Basin3 28.7 31.1 33.1 52.1 94.3 101.1
Basin 4 105.6 113.7 133.7 129.2 184.1 186.5
Average 49.8 55.7 84.9 83.0 115.3 130.8
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ries of monsoon, water level depletion poor agticel  (246.2 mm) percent in the end century followed by
management practice, and industrial growth lehds t basin 4 and basin 3 is also likely to increase By 1
farmers to leave their agriculture activities @mdtch percent and 11.5 percent in the end century of RGP
over to some other occupation. scenario. When comparing the RCP4.5 and RCP 8.5,
The total forest lands 933.70 Sg.Km in this basin in the rate of increase in ET is higher in RCP 8.5 sce
2010 whereas it was 896.90 Sg.Km in 2001. The foresnario. Both the RCP4.5 and the RCP 8.5 scenarios
land has increased 1.7 percent due to increasiageaw increase average evapotranspiration at least 7d3 an
ness about afforestration among the peoples. Thd6.5 percent in the end century. Even though the ra
extent of waste land observed in 2001 was 463.6Zall in RCP8.5 scenario is expected to increagghii,
Sg.km i.e. 21.40% of the total basin area wheraas i simultaneous increases in temperatures will reisult
2010 the extent waste land further increased up tareater evaporative losses, it would be drive ahnua
491.56 Sqg.km i.e. 22.69% of the total basin arde T changes in the evapotranspiration Goshal. (2011).
total area of water bodies has increased 0.22 perce Climate change and soil water storageThe mean
(2010) due to increasing rehabilitation of watedies. annual soil water storage (Table 6) projectionsrov
Hydrological response to climate changeThe spa- the basin indicate an increase in the near fuiyrad.1

tial and temporal effects on hydrological respottse per cent (334.3 mm), increase by 6.1 percent (344.3
climate change in terms of ET, soil water storage,mm) in mid century and likely to increase by 5.4-pe
groundwater contribution to stream flow and surfacecent (341.8 mm) in the end century of RCP 4.5 sce-
runoff was estimated and analysed for baselinenario. In RCP 8.5 scenario, indicate an increaseén
(current condition), near, mid and end centuries fo near century by 4.2 percent (337.9 mm) and therethe
RCP 4.5 and RCP 8.5 scenarios. would be a decline in the mid and end centurie§.By
Climate change and Evapo—transpiration (ET):The percent (302.0 mm) and 8.3 percent (297.4mm) than
projected mean annual evapo- transpiration (ET) isbaseline of 324.4mm.

likely to increase by 1.6 (194.8 mm) to 7.3 (208u@) In the mid century, the annual soil water storageild
percent in RCP 4.5 scenario, whereas the same alsacrease by 5.4 %, 6.1 %, 7.0 % and 8.4 % in basin
likely to increase by 10.8 (215.8 mm) to 16.5 (&26. basin 2, basin 3 and basin 4 respectively of RGP 4.
mm) percent in RCP 8.5 scenario (Table 5). It wasscenario. In end-century of RCP 4.5, it is likédyin-
found that there is a gradual increase of mearncrease by 5.7 %, 2.8 %, 8.0 % and 8.6 % in basin 1,
annual ET in the near, mid and end centuries ofi bot basin 2, basin 3 and basin 4 respectively. The @nnu
scenarios. soil water storage of basin 1, 2, 3 and 4 was pteje

In the case of RCP 4.5 scenario, the ET is likely t an increase in the near century (from 0.4 to 9.5 pe
increase in basin 2 (9.7 percent), followed by mdsi cent) and then there would be a decline in the mid
(8.5 percent), basin 4 (5.7 percent) and basin.B (4 (from 1.7 to 20.7 percent) and end (from 2.3 to331.
percent) in the end century whereas there wouldrbe percent) centuries of RCP 8.5 scenario. The pexgent
increasing trend towards the end century of RCP 8.Feduction in soil water storage might be attributed
scenario. the increased temperature, urbanization, evapo-
In the Basin 2, annual ET expected to increase8§ 1 transpiration and rainfall variability in that regi
(264.5 mm) percent in the near, 20.8 (269.5 mm) perwhich was in accordance with the finding of Maréin
cent in the mid and 23.9 (276.5 mm) percent incthe  al., (2010).

century under RCP 8.5 scenario whereas Basin 1 i#n the basin 1, the annual soil water storage fpeeted
likely to increase by 10.4 (235.2 mm) percent ia th to increase by 0.4 % in the near century, decliné.p
near, 14.6 (244.3 mm) percent in the mid and 15.5% in the mid century and again decline by of 4.4n%

Table 8.Changes in stream flow contribution to ground watdvlanjalar sub- basin for RCP 4.5 and RCP 8.5 stenar

RCP 4.5 RCP 8.5

BL (mm) NC (mm) MC (mm) EC (mm) NC (mm) MC (mm) CHmm)
Basin 1 245.6 246.8 255.5 264.6 255.1 168.6 152.4
Basin 2 165.3 167.2 179.4 190.5 167.9 117.2 106.5
Basin3 128.6 129.2 152.8 144.8 139.4 122.8 108.8
Basin 4 115.6 119.4 128.8 146.2 127.5 102.0 96.2
Average 163.8 165.7 179.1 186.5 172.5 127.6 116.0
% of deviation from baseline
Basin 1 0.5 4.0 7.7 3.8 -31.4 -37.9
Basin 2 1.2 8.5 15.3 1.6 -29.1 -35.5
Basin3 0.5 18.8 12.6 8.4 -4.5 -15.4
Basin 4 3.3 11.4 26.5 10.3 -11.8 -16.8
Average 1.2 9.4 13.9 5.3 -22.1 -29.2
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the end century compared to baseline (544.5 mm) undunder RCP 4.5 and 8.5 scenarios, the surface rimoff
der RCP 8.5. The increase is expected at basin®2%y the study area is projected to increase in allbtgins

% in near, decline by 1.7 % and again decline BY2.  owing to the projected increase of precipitatiddGC,

in near, mid and end century respectively under the2001a). In sub basin 4, annual surface runoff is ex
same scenario. In the mid century, the annuak&tiér  pected to increase under RCP 4.5 (133.7%) and RCP
storage would decrease by 13.5 % and 20.7 % imbasig8.5 (186.5%) scenario in the end century. Comparing
3 and basin 4 respectively. In end-century, iexs  with other basins, basin 4 is likely to increase $lir-
pected to decrease by 17.7 % and 31.3% in basmi 3 a face runoff due to it has been less forest areartmue
basin 4 under RCP 8.5 scenatrio. waste land and built up lands owing to more runoff
The annual soil water storage is predicted to @s@en  than other basins. Surface runoff occurs when pieci
near, mid century and end century of RCP 4.5 s@enar tation does not completely permeate into the ground
whereas an increase in the near century and thergnd excess water runs across the surface. Sonte of t
would be a decline in the mid and again there wésald main physical characteristics that affect runoffewh

a decreasing trend towards the end centuries of RCBonsidering the future effects of climate change ar
8.5 scenario. land use, vegetation, soil type, drainage areadaaid-

In RCP 8.5 scenario, there would be an increaging t age network patterns (USGS, 2014). Land use change
perature (from 1.1 to 4£G), high evapotranspiration can be particularly problematic as urbanization in-
(ranges from 10.8 to 16.5 percent) and industrialcreases. From the Table 7, it has been concludsd th
growth trend towards end centuries lead to redao#s  most of the agricultural land have been reducethdur
water storage in that scenario. However the RCRhe past one decade which was changed into built up
4.5scenario is a stabilization scenario, it hasmbless  areas. This built up areas lead to more runoff tvidgc
temperature (from 0.8 to 2@, solar radiation (4.5 W/ impervious surfaces such as roads, trails, buiklang

m2 ) and evapotranspiration (from 1.6 to 7.3 pejcen parking lots prevent water from being absorbed into
than RCP 8.5 scenario resulted to increased stérwa soil, allow large amounts to enter streams likehhig
storage is also in line with the findings of WGII surface runoff.

AR5, report (2013). Further urbanization and land use change in the-Man
High reduction has also been predicted in the basin jalar sub basin (Table 4) has been recorded inedeas
in the mid and end century than other basins underunoff in all of the basins for RCP 4.5and RCP 8.5
RCP 8.5 scenario. This might be due soil typescenarios.

(dominant soil is sand and holding capacity is low) Climate change and stream flow contribution to
urbanization (Table 4) and evapotranspiration (lesgground water: Changes in annual stream flow contri-
agricultural/ forest area and increased wastelantfjat ~ bution to ground water (Table 8), in the near, i
basin. end century, the increase is expected to be higher
Climate change and surface runoff: The RCP4.5 the RCP 4.5 (1.2 percent, 9.4 percent and 13.%p8rc
scenario of surface runoff in the CMIP5 models,althi scenario and there would be declining trend of RCP
has a baseline of 243.6 mm, show an increase 8f 49.8.5 scenario (22.1 percent and 29.2 percent) imnide
percent in near, 55.7 percent in mid and 84.9 me¢ioe  and end centuries. This might be due to increased t
end century (Table 7). Alternatively, the RCP8.8-sc perature, reduced soil water storage, precipitation
nario predictions range from 83.0 percent to 130.8amounts, timings, intensity rates, soil charactieds
percent in near, mid and end centuries respectively  and land use pattern of the basin was also obsdryed
The annual surface runoff is expected to increase iKumar (2012).

near, mid century and end century under RCP 4.5 scaunder RCP 8.5 scenario, the highest expected ground
nario. In the mid century, it would increase by®486,  water flow is observed in basin 2 (59.7 %) and h&si
41.2 %, 31.1 % and 113.7 % in basin 1, basin dntBas (38.5 %) in the end century. The reduction of gubun
and basin 4 respectively. In end-century, it ipested  water flow is expected in basin 2 (29.1% and 35.5%)
to increase by 97.2 %, 85.8 %, 33.1 % and 133.7 % iand basin 1 (31.4% and 37.9%) in mid and end centu-
basin 1, basin 2, basin 3 and basin 4 respectively. ries. Change in ground water flow might reduction i
In the basin 1, the annual surface runoff is exgetd  evapotranspiration, soil and aquifer type, typesoil
increase by 125.0 % in the near, by 146.0 % imilte  water storage and ground water abstractions (Aguile
and by 153.3 % in the end century compared to baseand Murillo, 2009; Stolkt al., 2011; Liu, 2011; Taylor
line (154.2 mm) under RCP 8.5. The increase is exR.etal., 2013).

pected at basin 2 by 59.4 %, 82.6 % and 109.1 % in i

near, mid and end century respectively under theesa COnclusion

scenario. In the basin 3 and 4, it is expectethd¢ceBse The present case study aimed to assess the impfacts
by 94.3% and 184.1 % in the mid century, whereas thclimate change on the hydrology of the basin the
same is expected to increase by 101.1% and 1865 % climate variables obtained as output from a coarser
the end century of RCP 8.5 scenario.
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