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Abstract—River basin is considered to be perfect unit for
management of the natural resources. Utiliziing Remote
Sensing and Geographical Information System (GIS)
technigue with mathematical models to assess the
hydrologic parameters for the basin is being practiced
widely now a day. In this work SWAT (Soil and Water
Assessment Tool) having an interface with Arc MAP GIS
software was used for the estimation of runoff yield of Uri
river basin tributary of Narmada basin. The developed
model was calibrated from the year 1999 to 2006 and
validated for the period of 2008 to 2014. The coefficient of
determination (R?) and Nash-Sutcliffe simulation efficiency
(Eng) for the monthly runoff was obtained as 0.71 and 0.70
respectively for the calibration period and 0.70 and 0.69
respectively for the validation period.

Keywords—Arc Map, Coefficient of Determination GIS,
SWAT, Nash-Suitcliffe.

I.  INTODUCTION
Although India is rich in water resources but thevgh of
population, industrialization, agricultural produvity,
urbanization and global warming has led to the Ggtaof
water in the country. Thus the optimum managemént o
water resources for development and growing needs h
become the prime necessity of the hour. Nationalemwa
policy of India (2002) says that water resources
development and management needs a nationwidebkensi
way of developing and conserving the scarce water
resources in an integrated and environmentally doun
manner. A scientific data base regarding availghitf
water is a pre-requisite for achieving both develept and
management of water resources. However availahilfty
accurate long term hydrological data required fanping a
water resource project is not readily available.n¢te
hydrological modeling is being resorted in ordegémerate
such data.
Modeling of the hydrologic system is required bg thater
resource engineers for proper planning, developraauit
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management of water resource. Hydrologic models are
mathematical formulation of various assumed fumdito
represent the different components of hydrologideyThe
distribution of water in a hydrological cycle degsmainly
upon two factors, catchment characteristics andahe use
pattern. All hydrological models try to evaluate tffect of
these factors on the precipitation received by tahtaent
and thus determine what fraction of water is awéddor
human use.

Several well developed models for hydrological miogde

of watersheds such as MIKE, NAM, HEC-HMS, HPSF,
SWAT etc. are available which can be used for
comprehensive estimation of various hydrological
parameters. In the present work SWAT model has been
used for the hydrological modeling of Uri basin.

.  SWAT

SWAT (Soil and Water Assessment Tool) is a basic
numerical model of the hydrological cycle developgad
United States Department of Agriculture — Agricudtu
Research Services (USDA-ARS). It is a physicallgdh
distribution model which works on the principal whter
balance applied on the watershed scale to estitate
various components of hydrological cycle. The water
balance equation used in the SWAT is as follows:

N
SWy = SW, + Z(Rday = Qsurr — Eq = Weeep — ng)

i=1
Where, SWis final soil water content in mm of,B, SW,
is initial soil water content in mm of @, t is time in days,
Ryay is amount of precipitation o‘f’iday in mm of HO, Qi
is amount of surface runoff of' iday in mm of HO, E; is
amount of evaporation of*‘iday in mm of HO, Wseeis
amount of water entering the vadose zone from thik s
profile of i day in mm of HO and Qy is amount of return
flow of i day in mm of HO.
To estimate surface runoffSCS curve number andtieen
and Ampt infiltration methods are available. SCSveu
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number method has been used in the present study.

According to this method runoff is given by the atjon

0 _ (Rday B Ia)2

U (Ragy — Ia +5)
Where, Qu is the depth accumulated runoff or rainfall
excess, Ryis the depth of precipitation for the dayid the
initial abstraction, and S is the retention paranefhe
retention parameter changes with land use, sopesand is
given by equation

100
S =254 [— - 10]
CN
Where, CN is the curve number. The initial absteaxtl, is
initially approximated to 0.2S.
(Raay — 0.25)"
Cours = (Rgay +0.8S)
S. k Jain et al (2010) used the SWAT model for &iing
runoff and sediment for Himalayan region. They lwaied
the model for the year 1993 and 1994 and validatas
done for the years 1995, 1996 and 1997. Kaviya B.Z2
has applied SWAT model for runoff estimation in
Brahmani-Baitarani river basin. The modeled duratizas
from 2002-2005, of which 2002-2004 was used for
calibration and 2004-2005 for validation on dailgasured
flow data. VikasShivhare et al (2014) applied SWHF
surface runoff simulation of Burhanpur watershedifiper
Tapi sub-catchment. The model was developed tolatsu
the mean monthly runoff for the basin. The modekwa
calibrated for the period 1992 to 1996 and validdtem
1996-1997 with available monthly flow data.
SWAT models the physical process associated witteiwa
movement in the different phase of hydrologicalleyon
the basis of input parameters specific to the st
Hence all the properties which affect the movemeht
water in the watershed such as vegetative covdf, so
properties, topography etc. as well as metrologioaldition
are required to be given as input to the model.Vghtzls
are heterogeneous entities with their propertieswsiy
large spatial variation hence for accuracy in ntiade
SWAT divides the whole basin into multiple sub-
watersheds and then further into hydrological Raspo
Unit (HRUs), which have homogenous slope, land ars#
soil characteristics. Runoff from each HRU is chdted
and then combined to get the total runoff. Duehi® large
requirement of data SWAT is used in integrationhw&IS
for hydrological modeling. The main objective ofeth
present study is to develop a Runoff model for thisin at
the gauging site Dhulsar, using SWAT model in in&ign
with ArcGIS database for estimation of surface flow
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1. STUDY AREA
The catchment of Uri Riverup to Dhulsar gauging
stationhas been selected for this study. Uri Rigevne of
the 41 main tributaries of Narmada River basioriginates
from Vindhya Ranges near Bhilkheri Village in Sampla
Tehsil of Dhar District of Madhya Pradesh and mebts
Narmada River 13Km downstream of Barwani. The total
length of the river from its origin to its confluem with
Narmada River is about 74.6 Km. The catchment afea
Uri basin up to the study location i.e. Dhulsar7&7 sq.
Km. The geographical limits of the area lie betw@é7’
to 75°03’ E longitudes and 22°11’ to 22°37’ N laties. Uri
catchment has hilly terrain and undulating topobyaphus
producing high drainage density.

Narmada Sub- Basin A

Legond

Fig.1: Location Map of Sudy Area

The climate of the basin is tropical and humidrelteives
nearly 60% of the annual rainfall during the montfiguly
and August. Another 30% is received in the monthiuoe,
September and October. The annual rainfall of tasirb
varies from 750mm to 1000mm.The rainfall is heavytie
upper hilly plains of the basin, it gradually dexses toward
the lower plains and again increases towards thstcnd
south western portion of the basin. In the cold tivelathe
mean annual temperature varies from 5°C to 21°Gratite
hot weather from 33°C to 48°C. During the south twes
monsoon the temperature ranges between 25°C to
27.5°C.The value ofrelative humidity measured axcfions
ranges from 0.2 to 0.6 and mean annual wind spaddsv
from 2 to 3 km/hr for the basin. The mean annuatab
deviation in the solar radiation of the study ai®an the
range of15 to 25MJ/fiday.
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V. INPUT DATA
All hydrological modeling tools are very data indere. Arc
SWAT model requires detailed data regarding spatial
variation of topography, land use/ land cover, sgile etc.
in order to define Hydrological Response Units.
A. Digital Elevation Model (DEM):
Digital Elevation Model(DEM) is used fordefiningthe
topography of an area by describing the elevatibany
point at a given location and specific spatial hetson.
DEM is an essential input for the SWAT and is used
delineating the watershed and its sub basins.

Fig.2: DEM of Study Area

DEM of 30M resolution for the study area was obgdin
from Bhuvan database maintained by National Remote
Sensing Agency (NRSC), Hyderabad for the recordbder
2012. Sub-basin parameters such as slope and riamst
network characteristics such as length and widtlrewe
derivedwith the help of DEM only. For the presenalgsis
DEM was projected to WGS1984 UTM_Zone 43N co-
ordinate system for use in Arc SWAT. DEM of the Uri
River basin is shown in the Figure2

B. Land Use Map:

Land use pattern of catchment is very importarit afects
the distribution of precipitation on the catchmant hence

in turn the evapotranspiration, sedimentation dedrtinoff
generated. Land use/ Land cover data is requiredhby
model for defining the HRUs and subsequently for
assigning the Curve Number (CN) to the land aredtfe
computation of runoff.Land use/ land cover map o
Basin was prepared usingLiss-1ll image for the gtacea
which was obtained from the Bhuvan database foordec
period of 2012. The Liss-Ill data was in four batata set
and a composite of all the bands was prepared lasslifted
with the help of classification tool of Arc Map. iEhtool
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uses a training sample and prepares a maximunihidaz
classification of the area putting area with simpeoperties

in one category. Each land use category is defiryea four
digit code related to the grid values in SWAT.Larsg map

of the Uri River basin is shown in the Figure3. Magious
land use categories and their coverage in the study
watershed are presented in Table 1.

Legend
o

Fig.3: Land Use Map of Study Area

Table.1: Land Use/ Land Cover type for SWAT Model of

Uri Basin
S. Category SWAT Per centag
No. Landuse | eof Total
Class
1 | Water bodies WATR 0.20
2 | Barren Land BARR 19.42
3 | Forest FRST 47.44
4 | Agricultural AGRL 12.82
Land
5 | Waste Land RNGB 17.68
6 | Built of Area URBN 2.44
C. Soil Dataset:
Soil is composed of several organic matter whictiedi

from its parent material. The type of soil anddistribution

in the basin is also an important factor in ruregfimation
from a basin as it affects the rate of infiltraticBWAT
model requires soil texture and physiochemical erigs

of soil such as no of Soil Layer, Texture (i.e. &aBilt,
Clay, and Rock fragments), structure, bulk density,
available water content, porosity fractions, orgacérbon
content and hydraulic conductivity of each soiletyp

In the present study the soil map prepared by FRGbd
and Agriculture Organization) classification systemas
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used. The major soil type in the basin is clayeyxowhile
clay is also present in some region. The soil diaaton
map of the Uri River basin is shown in the FiguTéw soil
categories and their coverage in the study watdrsire
presented in Table 2.

Fig.4:Soil Map of Sudy Area

Table.2: Soil type for SWAT Model of Uri Basin

. Cateqor SWAT Soil Percentage
No. egory class of Total
CLAY-
1 LOAM Bv12-3b-3696 78.47
Vc43-3ab-
2 CLAY 3861 21.53

D. Metrological Data:

SWAT model requires the daily metrological datai(fRall,
Minimum and Maximum temperature, Relative Humidity,
Solar Radiation, and Wind Speed). The data of 1athner
stations was collected for the period 1999-2014nfgiobal
data website.According to the database the basieives
90% of its annual rainfall during the monsoon menile.
July to September and records maximum temperature i
May and minimum in December.

V. SIMULATION MODEL
Arc SWAT 2012 has been used for the simulationr@sent
study. The projection system for all the spatighd®EM,
Land use/ land cover, Soil map) is used in the Etan
model was set to UTM_43N and WGS_1984 datum. The
various steps involved in setting up the model iasu$sed
below.
A. Stream Definition/ Catchment Delineation:
First the stream network for the catchment was igded
from the DEM using the spatial analyst tool for AWAT.
The streams were defined and their order determineithe
basis of flow direction, flow accumulation and sirelinks.
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Thereafter using the watershed delineation toole Th
watershed delineation was delineated into 21 sigdinba
Stream Definition and Sub Watershed Map of Studgadis
shown in Figure 5

B. Hydrological Response Unit:

After delineation of the sub basin the land usetllaover,
soil map and slope map were overlaid on the DEMenTh
specifying a threshold value of 5% for land usdl and
slope, the HRUs were generated. A total of 257 were
created over the 21 sub basin.

Fig.5: Stream Definition and Sub Watershed Map of Study

Area
C. Mode Input Setup:
After generation of HRUs the metrological data ilare
written and stored in the personal geodatabadeeofiodel.
Before SWAT model can be run the initial watershealt
values have to be defined. These values were set
automatically by activating the write all commarased on
the watershed delineation and land use/soil/slope
characterization. In addition to this certain otkey aspects
have also to be specified, such as output timetsiegn as
monthly, simulation period-taken as June 1999 toyMa
2014, Rainfall distribution-selected as skewed radremd
the method of runoff generated - selected as CNiodet
D. Calibration and Validation
Model calibration is necessary for successful satioh of
hydrologic processes. Calibration involves modifima of
the model parameters until the predicted valuesractose
agreement with the actual observed values. Injtidtie
SWAT model was run with 24 parameters based on the
sensitivity analysis 19 parameters showing greafkrence
on the simulation results were identified. Furtbalibration
was done using only these parameters. The model was
calibrated in SWAT-Cup using SUFI-2 algorithm.
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E. Performance Evaluation of the Model

The developed model needis be evaluated in order
determine the performancd the model.Many statistical
parameters are available for evaluation of the dlpdjical
model. TheCoefficient of determination ¢) and Nash-
Sutcliffe simulation efficiency (g)are thi mostly used
criteria for the estimation of accuradyence n the present
study R and Fshave been uséd evaluate the mod

2
2 = Y106 = Oavg][Si) = Savgl

T EY 00 — Ouvg ]} (ZA S — Save))

0.5

g (oi _Oav)z__g (Si _Oav)z
E..=1=1 i=1
NS n 2
P2 (Oi _Oav)

Where, O is the I" observed parameter,,,q is the mean
of the observed parameters, S (i) is t" stimulated
parameter, and Savg is the mean of model simubated\
are the total number of events.

V1. RESULTSAND DISCUSSION
SWAT simulated outputwas calibrated in SWAT-Cup
using SUF2 algorithm. The model was calibrated using
monthly data of runoff recorded at the outlet of
watershed. The model was calilion was done on the basis
of nineteen paramet&btained throu¢ sensitivity analysis.
The relativesensitivity of the model parameteés shown in
Figure 6. It is seen that most sensitive paramejfieisg the
discharge arenoist soil albedo, main channel conductiv
initial depth of shallow aquifer, surface runoffgl
coefficient and soilavailable water storage capac This
indicates that channel and soil parameters whitdctathe
routing of the flow and the surface flow lag timee ahe
most sensitive paramete
In the present study calibration of SWAT model \
performed for the periodune1999 to May-2006using the
surface runoff data recorded at the outlet ofwatershed.
Calibration was performed by adjusting the paramsetgth
higher sensitivity. The calibration was continuedthv
several simulation run until the differer between the
observed water yield andodeled water yield is minimized.
The best fitted values of the parameters is ginmehable ..
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Fig.6: Relative Sensitivity of model Parameters
Table.3: Best fitted values of Model Parameters
Parameter Name Description Min value Max value | Best Fitted Value
R__SOL_ALB.sol Main channel conductivit -0.5 0.5 -0.44975
V__CH_K2.rte Surface runoff lag coefficie 0 5 3.26875
V__SHALLST.gw Soil evaporation and compensation fa 0 100( 962.75
V__SURLAG.bsn Manning'’s “n” value for main chanr 1 24 5.42175
R__SOL_AWC.sol | Threshold water in shallow aqui -0.25 0.25 -0.22213
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V__REVAPMN.gw | Soil hydraulic conductivity 0 100 725
R__SOL_K.sol Moist soil albedo -0.8 0.8 0.3484
V__EPCO.hru Ground water delay time 0 1 0.04375
V__ GWQMN.gw Deep aquifer percolation fraction 0 600 493.75
V__GW_REVAP.gw | Soil available water storage capacit 0.02 0.2 0.082775
V__CH_N2.rte Manning'’s “n” value for overland flow 0 0.3 0.178425
V__OV_N.hru Soil bulk density 0 0.8 0.7026
R__SOL_BD.sol Curve number -0.3 0.3 -0.11385
V__SLSUBBSN.hru | Average slope length 10 150 118.325
V__GW_DELAY.gw | Revap coefficient 30 450 35.145
V__ALPHA BF.gw | Threshold depth of water in shallow 0 1 0.17125
aquifer required for return flow to occur
V__ESCO.hru Initial depth of water in shallow aguif 0.01 1 0.872042
R__CN2.mgt Plant uptake compensation factor -0.25 250 -0.21213
V__RCHRG_DP.gw | Base flow alpha factor 0 1 0.02325

It is seen that in general the simulated flows iolgigh from

the calibrated model matches quite well with theested

values (Figure 7 and 8). For evaluation of the é&feand

NSEvalues were determined and were found to be &nhdl
0.70 respectively. This suggests that the modelbeansed
to predict the monthly flow values.

After calibration the prediction accuracy of thedebof the

model was validated for the surface runoff by ajpgy
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Discharge (m3/s)
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different set of data i.e. from June 2008 to Mag4£2@hich
was not used during calibration. The data for tvedew year
was not available i.e. from June-2006 to May-20e8&de
the period has not been considered for validatiod a
calibration. The graphical comparison for goodnafskt is
shown in Figure 9 and 10.2Rand NSE values for the
validation period are 0.7 and 0.69. Hence the meHelvs
good prediction efficiency.
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Fig.7: Smulated and Observed Monthly Flow Calibration Graph
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VIl.  CONCLUSION
A SWAT model for predicting the monthly runoff frobri
basin has been developed. The developed SWAT nhadel
performed well during the calibration and validatio
periods. Sensitivity analysis was performed to idigrihe
most effective parameters of the model for therbaBhese
parameters were then adjusted with the help of rebde
flow data for the calibration period from Junel389May
2006.The calibration result showed that there igoad
correlation (B=0.71, NS=0.70) between the predicted and
observed monthly flows. Validation was carried dat
flows from June 2008 to May 2014. For validatiornripe
the Rand NSE were detected as 0.70 and 0.69.The
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developed SWAT model can simulate the monthly riinof
for Uri basin with reasonable accuracy.
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