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ABSTRACT

It is essential to analyze water availability in a sub-basin for the management of water
resources. In this study, a sub-basin of the Gandak River, with an area of 973.54 km?, has been
selected to study water availability using a SWAT model with remote sensing and GIS support.
For the analysis, hydrological and meteorological data for the year 2002 to 2021 have been used
in addition to the land-use/land cover maps, soil map, and slope map. The SWAT model was
simulated throughout a twenty-one-year period (from 2002 to 2021). To determine the most
important watershed parameters, a sensitivity analysis of the model was carried out. Calibration
was performed using data from 2002 to 2014 and validated from 2015 to 2021. The following
statistical parameters were measured: Coefficient of determination (R?), Root Mean Square
Error (RMSE), Percent Bias (PBIAS), and Nash Sutcliffe Efficiency (NSE). The results obtained for
these statistical parameters indicate that the model results are satisfactory.

1. INTRODUCTION

Biodiversity is negatively affected by increasing changes in water regimes, precipitation, and
temperatures in numerous watercourses (Janji¢ and Tadi¢ 2023). Water resources have a
significant impact on human life, concerning the social, economic, migratory, food production,
and health of ecosystems (Dube et al. 2022). Accurate estimations of the water balance's
components, including runoff, evapotranspiration, infiltration, and groundwater flow, are
required to achieve the necessary biodiversity in the basin. In fact, climate change and land use
play big role in the assessment of water resources. Currently, environmental changes, biotic
extinction, water, land, and air pollution are caused by changes in land use and land cover
(Sultana et al. 2023). The water budget of river catchments is anticipated to be significantly
impacted by land use change in addition to climate change (DeFries and Eshleman 2004). If land
use change (LUC) is not properly managed, it may increase the detrimental effects of climate
change on watershed hydrology (Labbe et al. 2023). LUC has a direct impact on the processes
that generate runoff and modify the water resources in watersheds (Idrees et al. 2022). To
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address the water demand with an adequate amount of supply, one needs to have a proper
understanding of water balance within the study area. Nowadays, together with the
development of GIS, there are many hydrological models to help calculate the water discharge
more accurately, easier, and faster than the traditional measurement methods. One of them is
SWAT (Soil and Water Assessment Tool) (Nasiri et al. 2020). SWAT is a basin-scale model
integrated with GIS technology which helps to improve the accuracy of simulated results of
water discharge from rainfall and physical properties of the basin. The SWAT model is used in
this study to assess a sub-basin of India's Gandak River. This model was selected for its extensive
capabilities in simulating hydrological processes and water quality implications across wide and
complicated watersheds. The model can integrate different land use practices, soil types, and
climatic conditions, making it ideal for evaluating the effects of agricultural operations and
conservation efforts in the Gandak River sub-basin. Hydrological catchment models must be
used to estimate water fluxes in dynamic ecosystems with shifting boundary conditions. To be
able to assess the changes brought on by environmental change, models should be validated for
various environmental factors, such as various climatic situations, soils, geography, and
vegetation cover (Chisadza et al. 2023).

The most crucial component of water resource development and management programs is
understanding hydrological processes to create appropriate models for a watershed. The
foundational and essential infrastructure for a country's sustained growth is the development of
its water resources. Watershed scale modeling has become an essential tool for understanding
complicated natural processes, assessing pollution loads, and creating sustainable agriculture
management methods at the basin scale over the past 21 years due to the close ties between
land and water activities. The spatial and temporal properties of terrain, soil, land use, climatic
conditions, and precipitation can be effectively utilized by the distributed physically based
hydrologic models for modeling hydrologic processes. Watershed modeling depends on a
variety of variables, including scientific understanding of the hydrologic and water quality
processes, management considerations, environmental considerations, and the accessibility of
technology and data (Borah and Bera 2004). Hydrological models need sporadic meteorological
data (precipitation, temperature, wind speed, etc.) which presents a large problem in poorly
gauged places like semi-arid regions (Liu et al. 2022).

Based on the above information, the study was carried out for the assessment of water
availability in a sub-basin of the Gandak River in India using SWAT model in the command area
of 973.54 km?. Despite significant advancements, there was no assessment of water availability
in the command area of the Gandak River basin using a SWAT model. The study was done to fill
gaps and investigate the region. SWAT is a suitable model to evaluate the effects of agricultural
operations and conservation efforts in the Gandak River sub-basin of India.

2. Study area and data collection
2.1 Study area

The study area is a portion of the lower Gandak basin's alluvial plains, located between the
latitudes of 25°30'25" and 26°45'00" N, and longitudes of 85°5'31" and 85°40'15" E. The study
area is estimated to be 973.54 km?including part of the districts of Samastipur, Hajipur, and
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Bhagwanpur, in Bihar. There are two rivers in the area, the Gandak and Burhi Gandak, which
form the western and eastern boundaries, respectively (see Figure 1).
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Figure 1 Location map of watershed area.

The maximum ground elevation is in the northwest and is 66.75 m above sea level; the
minimum is in the southeast and is 39.12 m above sea level. The area has a slope that varies
from 1in 5,000, to 1 in 20,000 from NW to SE. Ten percent of the region's 1,168 mm of annual
precipitation falls between March and June, 85% falls during July and October during Kharif, and
the remaining 5% falls during November and February, during the Rabi period for planting. April
to June are the warmest months in the region. The area's soil is highly productive and can hold
onto moisture. This layer usually ranges from 15 to 20 m thick.

2.2 Data collection

The temperature, wind speed, relative humidity, solar radiation, precipitation, and maximum
and minimum daily values data are available from 2002 to 2021 and were used for evaluation in
the present study (Figure 2).
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Figure 2 Time series plot of observed daily rainfall data.

The topography of the watershed was defined using a Digital Elevation Model (DEM). With a
spatial resolution of 30 m, the SRTM DEM was downloaded from
https://bhuvan.nrsc.gov.in/home/index.php. The Indian Space Research Organization (ISRO)
created the Cartosat-1 Digital Elevation Model (CartoDEM), a national DEM. The Cartosat-1
stereo payload, which was launched in May 2005, served as its model. Most watershed
characteristics, including watershed boundary (catchment area), watershed drainage patterns,
aspect, slope, and length of sloping terrain, were acquired using the DEM. The DEM data can
also be used to determine drainage properties, including channel slope, length, and width
(Dhami et al. 2018).

Land use (Figure 3) was mapped from the 2021 Landsat-8 image at a spatial resolution of 30 m,
downloaded from the USGS website (http://earthexplorer.usgs.gov/). The supervised image
classification “maximum likelihood” method was used to classify land use maps (Patel et al.
2019; Ara et al. 2023) for the study area using Landsat imagery. In our study area, the sub-basin
area was divided into five land use classifications based on their percentage coverage: wetland
(21.62%), agriculture land (11.89%), barren land (36.81%), and water (29.68%). Less than one-
third of a geographical area is covered in vegetation, which is known as barren land, and the soil
is typically sandy and dry. Water estimation depends on the scope and resolution of the remote
sensing investigation, which can be applied to several different tasks, such as studies of runoff
and precipitation. In the study area, a total of 29.68% of the area is covered by water bodies.
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Figure 3 Study area land use map.

The soil map of the study area was found from Harmonized World Soil Database (HWSD)
produced by the Agriculture and Food Organization of the United Nations
(https://gaez.fao.org/pages/hwsd) (Figure 4). The sub-basin has 3 different FAO soil classes
(Table 1 and Figure 4).
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Figure 4 Soil map of the study area.

Table 1 Soil classes and percentage of sub-basin area covered.

Soil type (FAO soil codes) % Sub-basin area
Bk40-2a-3695 54.69
Jc50-2a-3743 12.32
Lo49-2a-3808 32.99
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3. METHODOLOGY

The SWAT model's water balance is used to calculate inflows and runoff as part of the process
for assessing water availability. To determine an unknown component of the water balance, the
water balance can be calculated for any hydrological cycle subsystem, regardless of its size and
structure. The basic continuity equation for a system's water balance can be seen in Equation 1.

[Input to the system] - [Outflow from the system] = [Change in Storage] (1)

3.1 Hydrologic simulator (SWAT model)

For the watershed, a distributed hydrologic model known as AVSWAT (the SWAT extension of
ArcView GIS) was applied. The SWAT system is a continuous model that is process-based,
spatially scattered, and time-based. It was developed by the USDA Agriculture Research Service
(ARS) (Wang et al. 2019). Many watershed hydrologists utilize the SWAT model to analyze how
agricultural practices and land use supervision affect the overall health of the watershed, as well
as streamflow and water quality. Researchers have determined that the SWAT model predicts
with a high degree of efficiency, and it has a reliability that has been validated in numerous
locations all over the world. The most recent version is SWAT 2012, which can be found at
https://swat.tamu.edu/. Open-source SWAT model software is widely accessible online. The
SWAT platform is designed to forecast how land use and land cover will affect sediment, water,
and agricultural chemical yields in watersheds that have not yet been registered. It works with a
daily time step. The ArcSWAT model divides a watershed into numerous interconnected sub-
basins (Adnan et al. 2019). Each sub-basin is further divided into various Hydrological Response
Units (HRUs) based on the type of land use, slope, and soil. Prior to integrating at the sub-basin
scale, the water level is first calculated at the HRU scale. Specific climatic input factors, such as
temperature, solar radiation, precipitation, relative humidity, and wind speed are necessary for
the model to achieve this goal. For model setup, additional data beyond the climatic parameters
is needed, including a topographical map or DEM, soil characteristics, land management and
vegetation, and methods present in the watershed (Santhi et al. 2006). The soil map, land
use/cover map, and digital elevation model were all projected into a single projection system to
set up the model. The model provides the capacity to partition the DEM into watersheds,
basins, and sub-basins. Hydrological response units (HRUs) were created by superimposing the
categories of land use/land cover, soil, map, and slopes. According to Arnold et al. (2012),
"hydrologic response units" (HRUs) are the distinct confluence of slope, soil, and land use
features. SWAT is a physically based tool, rather than statistically based, and was used as the
model in this investigation (Arnold et al. 2012). This enabled greater dependability and
improved performance, which was crucial for a study of this size, and is particularly important in
basins without gauging stations. The water budget can be determined using this model (Boufala
et al. 2019). The SWAT model can reproduce hydrological processes with a respectable level of
accuracy, according to an evaluation of its application to Ethiopian circumstances at
comparatively bigger watersheds. SWAT simulates the hydrological cycle using the water
balance equation for the land phase of the cycle in Equation 2.

SWt — SVVO = Ele(Rday - qurf —Er - Winf - W"'f) (2)
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Where:

SW: = soil water content at time t,
SW, = initial soil water content (at time t = 0),
t = timeindays,
Riay = daily precipitation amount (mm),
Qsurf = amount of surface streamflow on a day mm),
Er = amount of evapotranspiration on a day (mm),
Wins = amount of infiltration on a day (mm), and
Wi = return flow (mm).

The model uses the SCS curve number (CN) to calculate the surface runoff. The relationship
between runoff, rainfall, and retention parameters is expressed in Equation 3, whereas the
correlation between the retention parameters and curve number (CN) is expressed in Equation
4.

_ (Rday—O.ZS)Z

qurf - (Rday+0.85) (3)
100
S =254 [E - 10] (4)
Where:
S = Maximum potential retention after runoff begins (mm)
(depends on land use, soil type, and antecedent moisture conditions), and
CN = curve number.

Depending on the availability of the input data, the catchment's potential evapotranspiration
(PET) could be modeled using the Penman-Monteith approach (Dash et al. 2021; Monteith
1965), or the Priestley-Taylor approach (Priestley and Taylor 1972); this study used the Penman-
Monteith approach to compute the PET. The modified universal soil loss equation (MUSLE),
invented by Wischmeier and Smith (1978) and Rodriguez-Blanco et al. (2016), is used in SWAT to
estimate the catchment-scale sediment output.

3.2 Watershed delineation

A digital elevation model (DEM) was generated using ArcGIS to generate the watershed's stream
network and identify the outlet locations for a particular threshold value. The main watershed
was divided into nine sub-watersheds by automatic delineation (Figure 5). The area covered by
the sub-basin is shown in Table 2.
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Figure 5 Sub-basin and outlet point.
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Table 2 Sub-basin area.

Sub-basin Area (km?)
185.204
173.278
122.850
90.720
72.466
41.504
19.292
121.213
147.003
Total 973.528

O 00 N O Ul B W N B

3.3 Formulation of database

For this research, the ArcSWAT graphical user interface was utilized to operate and carry out the
key SWAT model functions from the ArcGIS tool. The first stage in applying the SWAT model is to
define the examined watershed and then split it into numerous sub-basins based on the outlets
produced by the junction of reaches or those determined using a digital elevation model (DEM).
After that, each sub-basin is separated into uniform regions known as hydrologic response units
(HRUs), which GIS produces from the overlaying of slope, land use, and soil layers. In the
ArcSWAT interface, the four main types of spatial data are DEMs, soil types, slopes, and land
use, which are shown in an overview of the methodology (Figure 6).

INPUT DATA for SWAT
I
! | | |
Meteorological Data DEM Spatial Data W
1. Precipitation 1. Lagd Use
2. Temperature(max. 2. Soil Cover
and min.) 3. Slope Map p
3. Wind Speed
4. Solar Radiation anihad e For
5. Relative Humidity Delineation Vvt Calibration

4[ SWAT Model

| Simulated stream flow

Figure 6 Overview of the methodology.

10 JWMM 33: C547



4. RESULTS AND DISCUSSION

4.1 Hydrological variable estimation

Figure 7 illustrates the hydrology cycle of the pilot area of a sub-basin of Gandak River using a
SWAT model (from 2002 to 2021). The results show that the average annual precipitation is
1,036.10 mm, the average annual evapotranspiration (ET) is 651.20 mm, the average annual PET
(potential evapotranspiration) is 1,966.70 mm, the average annual surface runoff is 417.33 mm,
the average annual lateral flow is 0.39 mm, and the average annual percolation to shallow
aquifer is 106.25 mm. Figure 8 and Table 3 represent the average monthly sub-basin values of
precipitation, water yield, and actual evapotranspiration obtained using the SWAT model. It
shows that rainfall increased from May to July and decreased from August to December.
Similarly, evapotranspiration and potential evapotranspiration are also higher during this period.
Table 3 shows the average annual monthly hydrological variables in the study area.

A A A AAAAN L A A

Ewvaporation and o !-" ," #
Transpiration ’
PET " S0 07 /7 Average Curve Number
1,966.70
. 651.20 SSSS S 91.56
£oF # £ #
," Precipitation

S 7 1,036.10
£OF 4 o

! ¥ ¥ 1]
Infitrationfplant uptakef
Sl moisture redistibution

Root Zone Surface

funor 417.34

L aberal
P ™

Vadose (unsaturated) - - - - - E -
Zane ) N . . | LT | o )
W v 0.39
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Raturm Flow

Shall nfined
ow {unconfined) 25.63 106.25 76.37

Deep [confined)
Agquifer Flow out of wetarshed ROCNans to dedp aquitar
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Stream Flow/Precipitation  0.48
Surface Runoff/Total Flow 0.84
Base Runoff/Total Flow 0.16
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ET/Precipitation 0.63

Figure 7 Visual SWAT output, sub-basin of Gandak River.
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Figure 8 Average monthly sub-basin values of precipitation, water yield, and actual
evapotranspiration obtained using SWAT model.

Table 3 Average annual monthly hydrological variables in the study area.

Month  Rainfall ~ Surface runoff Lateral flow Q Wateryield ET Sediment yield PET
(mm) (mm) (mm) (mm) (mm) (T/HA) (mm)
Jan 20.98 6.02 0.01 6.00 22.43 0.16 63.26
Feb 40.84 16.75 0.02 14.63 31.16 0.42 75.89
March 138.55 78.12 0.03 65.30 62.01 2.74 124.10
Apr 126.89  64.27 0.05 90.93 81.33 3.34 172.59
May 139.02 64.05 0.06 87.71 98.57 3.13 241.64
June 148.81 62.55 0.05 78.70 93.22 3.44 277.27
July 155.03 49.73 0.05 61.86 73.06 4.63 277.07
Aug 123.73  35.52 0.04 40.30 61.28 3.41 251.68
Sep 97.20 29.04 0.03 31.61 51.88 2.53 197.94
Oct 28.85 7.79 0.02 15.52 36.47 0.66 134.95
Nov 9.63 2.31 0.02 3.75 22.19 0.05 84.10
Dec 5.43 0.72 0.01 2.60 17.01 0.03 64.56

NOTE: ET-Evapotranspiration, PET-Potential evapotranspiration.

4.2 Analysis of flow in the study region

Model simulation

The model is prepared for simulation once all inputs have been finalized, and data files have
been generated. The simulation is performed for 21 years, from 2002—-2021. See Figure 9 for the
time series plot of observed versus simulated daily discharge during the monsoon period
(2002-2021) pilot area of a sub-basin of the Gandak River.
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Figure 9 Time series plot of observed versus simulated daily discharge of monsoon period
(2002-2021).

Model efficiency

The correctness of the results obtained by the model can be assessed and evaluated using a
variety of techniques. Using the Coefficient of Determination (R?) and three commonly used
statistic coefficients—percent bias (PBIAS), RMSE, and Nash-Sutcliffe efficiency index (NSE),
observations for the calibration and validation were completed.

Coefficient of Determination (R?)

Using the Coefficient of Determination is an excellent approach to highlight the consistency
between simulated and observed data. Higher values indicate reduced error variation, and
values larger than 0.50 are regarded as satisfactory (Santhi et al. 2001; Nasiri et al. 2020). It goes
from zero to 1.0. See Figures 10(a) and 10(b) for river discharge scatter plots for daily stream
flow:
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Figure 10(b) Validation of the model by river discharge scatter plots for daily stream flow.

Calibration results

The SWAT model was calibrated for the inflow data for the years 2002—-2014 after it ran with
good precision and sensitive parameters were identified. These optimal simulated flow values
demonstrate the model's accuracy and performance. After achieving the results, it was evident
that there was a satisfactory match between the calibrated model's observed and simulated
values. Table 4 shows the parameters used in the SWAT model for calibration. According to
Gupta et al. (1999), the best value of PBIAS is zero. This means that lower PBIAS values suggest
a more accurate simulation of the model. The model's accuracy is indicated by the following
parameters.
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Table 4 Calibration parameters used in SWAT model.

R? RMSE PBIAS (%) NSE
0.97 2.775 -1.957 0.9862

Validation results

The period from 2015-2021 is used for validating the results. Along with the daily simulated
data time series graphic, there is a comparison between the simulated and observed flow. Table
5 shows the parameters used for validation in the SWAT model. The model's accuracy is
indicated by the following parameters.

Table 5 Validation parameters used in SWAT model.

R? RMSE PBIAS (%) NSE
0.98 2.340 -2.685 0.9901

d. CONCLUSION

The most crucial part of managing water resources is developing an appropriate model for the
hydrological process in a river basin. The assessment of water quantity and quality is likely to be
done using hydrologic simulation models that are based on watersheds. The SWAT model
successfully performed and was applicable to this study. To comprehend the primary reason for
the limitation on water sharing, one must be aware of the micro-level availability of water. The
application of the SWAT model to water balancing and annual, lean season surface water
simulation was the primary emphasis of this work. It is especially useful in situations when there
is a lack of water flow data. The study suggests that the SWAT model could be a promising tool
to predict water balance and water yield to support policies and decision-making for sustainable
water management at the sub- basin level. Therefore, understanding the water balance will be
useful for studies on the operational management of reservoirs and river sub-basins. Using four
popular statistical parameters such as the Root Mean Square Error (RMSE), Coefficient of
Determination (R?), PBIAS, and the Nash and Sutcliffe Efficiency (NSE), for calibration:
(R?=0.97), (RMSE = 2.775), (PBIAS (%) = -1.957), and (NSE = 0.9862), and for validation:
(RZ2=0.98), (RMSE = 2.340), (PBIAS (%) = -2.685), and (NSE = 0.9901). These results indicate that
the model shows good and acceptable performance.

15 JWMM 33: C547



REFERENCES

Adnan, M., S. Kang, G. Zhang, M. Saifullah, M.N. Anjum, and A.F. Ali. 2019. “Simulation and
analysis of the water balance of the Nam Co Lake using SWAT model.” Water 11 (7): 1383.

Ara, Z., R. Jha, and A.R. Quaff. 2023. “Environmental Protection Measures for Unplanned Land
Use and Land Cover Changes in a Subbasin of the Ganga River System.” Nature
Environment and Pollution Technology 22 (3).

Arnold, J.G., D.N. Moriasi, PW. Gassman, K.C. Abbaspour, M.J. White, R. Srinivasan, and M.K.
Jha. 2012. “SWAT: Model use, calibration, and validation.” Transactions of the ASABE 55
(4): 1491-1508.

Borah, D.K., and M. Bera. 2004. “Watershed-scale hydrologic and nonpoint-source pollution
models: Review of applications.” Transactions of the ASAE 47 (3): 789-803.

Boufala, M.H., A. El Hmaidi, K. Chadli, A. Essahlaoui, A. El Ouali, and S. Taia. 2019. "Hydrological
modeling of water and soil resources in the basin upstream of the Allal El Fassi dam (Upper
Sebou watershed, Morocco).” Modelling Earth Systems and Environment 5, 1163-1177.

Chisadza, B., O. Gwate, and F. Ncube. 2023. “Impacts of Land Cover Change on Water Balance
Components in Upper Mzingwane Sub Catchment of Zimbabwe.” Available at SSRN
4517107 (pre-print).

Dash, S.S., D.R. Sena, U. Mandal, A. Kumar, G. Kumar, P.K. Mishra, and M. Rawat. 2021. “A
hydrological modelling-based approach for vulnerable area identification under changing
climate scenarios.” Journal of Water and Climate Change 12 (2): 433-452.

DeFries, R., and K.N. Eshleman. 2004. “Land-use change and hydrologic processes: A major
focus for the future.” Hydrological Processes 18 (11): 2183—-2186.

Dhami, B., S.K. Himanshu, A. Pandey, and A.K. Gautam. 2018. “Evaluation of the SWAT model for
water balance study of a mountainous snow fed river basin of Nepal.” Environmental Earth
Sciences 77, 1-20.

Dube, T., M.D. Shekede, and C. Massari. 2022. “Remote sensing for water resources and
environmental management.” Remote Sensing 15 (1): 18.

Gupta, H.V,, S. Sorooshian, and P.O. Yapo. 1999. “Status of automatic calibration for hydrologic
models: Comparison with multilevel expert calibration.” Journal of Hydrologic Engineering
4 (2): 135.

Idrees, M., S. Ahmad, M.W. Khan, Z.H. Dahri, K. Ahmad, M. Azmat, and I.A. Rana. 2022.
“Estimation of water balance for anticipated land use in the Potohar plateau of the Indus
basin using SWAT. Remote Sensing 14 (21): 5421.

Janji¢, J., and L. Tadi¢. 2023. “Fields of Application of SWAT Hydrological Model—A
Review.” Earth 4 (2): 331-344.

Labbe, J., H. Celle, J.L. Devidal, J. Albaric, and G. Mailhot. 2023. “Combined Impacts of Climate
Change and Water Withdrawals on the Water Balance at the Watershed Scale—The Case of
the Allier Alluvial Hydrosystem (France). Sustainability 15 (4): 3275.

Liu, X., W. Liu, Q. Tang, B. Liu, Y. Wada, and H. Yang. 2022. “Global agricultural water scarcity
assessment incorporating blue and green water availability under future climate change.
Earth's Future 10 (4): e2021EF002567.

16 JWMM 33: C547



Monteith, J.L. 1965. “Evaporation and environment.” In Symposia of the Society for Experimental
Biology 19, 205-34.

Moriasi, D.N., J.G. Arnold, M.W. Van Liew, R.L. Bingner, R.D. Harmel, and T.L. Veith. 2007. “Model
evaluation guidelines for systematic quantification of accuracy in watershed simulations.”
Transactions of the ASABE 50 (3): 885—900.

Nasiri, S., H. Ansari, and A.N. Ziaei. 2020. “Simulation of water balance equation components
using SWAT model in Samalgan Watershed (Iran).” Arabian Journal of Geosciences 13,
1-15.

Patel, R., B.M. Vadher, S. Waikhom, and V.G. Yadav. 2019. “Change detection of land use/land
cover (LULC) using remote sensing and GIS in Surat City.” Global Research and Development
Journal for Engineering 24, 573

Priestley, C.H.B., and R.J. Taylor. 1972. “On the assessment of surface heat flux and evaporation
using large-scale parameters.” Monthly Weather Review 100 (2): 81-92

Rodriguez-Blanco, M.L., R. Arias, M.M. Taboada-Castro, J.P. Nunes, J.J. Keizer, and M.T. Taboada-
Castro. 2016. “Sediment yield at catchment scale using the SWAT (Soil and Water
Assessment Tool) model.” Soil Science 181 (7): 326-334.

Santhi, C., J.G. Arnold, J.R. Williams, W.A. Dugas, R. Srinivasan, and L.M. Hauck. 2001.
“Validation of the SWAT model on a large area basin with point and nonpoint
sources.” JAWRA Journal of the American Water Resources Association 37 (5): 1169-1188.

Sreedevi, P.D., P.D. Sreekanth, H.H. Khan, and S. Ahmed. 2013. “Drainage Morphometry and its
Influence on Hydrology in a Semi-Arid Region: Using SRTM Data and GIS. Environmental
Earth Sciences 70, 839—848.

Sultana, Q., A. Sultana, and Z. Ara. 2023. “Chapter 10 — Assessment of the land use and
landcover changes using remote sensing and GIS techniques.” In Science of Sustainable
Systems, Water, Land, and Forest Susceptibility and Sustainability, Elselvier, 267—297.

Wang, Y., R. Jiang, J. Xie, Y. Zhao, D. Yan, and S. Yang. 2019. “Soil and water assessment tool
(SWAT) model: A systemic review.” Journal of Coastal Research 93 (Sl): 22-30.

Wischmeier, W.H., and D.D. Smith. 1978. “Predicting Rainfall Erosion Losses. A Guide to
Conservation Planning.” Agriculture Handbook No. 537. USDA, Science and Education
Administration, US Govt. Printing Office, Washington, DC.

17 JWMM 33: C547



	SWAT Modeling to Assess Water Availability in the Command Area of the Gandak River Basin, India
	Zeenat Ara, Ramakar Jha, and A.R. Quaff (2025)
	Civil Engineering Department, NIT Patna, Bihar, India
	ABSTRACT
	1. INTRODUCTION
	2. Study area and data collection
	2.1 Study area
	Figure 1 Location map of watershed area.

	2.2 Data collection
	Figure 2 Time series plot of observed daily rainfall data.
	Figure 3 Study area land use map.
	Figure 4 Soil map of the study area.
	Table 1 Soil classes and percentage of sub-basin area covered.


	3. METHODOLOGY
	3.1 Hydrologic simulator (SWAT model)
	3.2 Watershed delineation
	Figure 5 Sub-basin and outlet point.
	Table 2 Sub-basin area.

	3.3 Formulation of database
	Figure 6 Overview of the methodology.


	4. RESULTS AND DISCUSSION
	4.1 Hydrological variable estimation
	Figure 7 Visual SWAT output, sub-basin of Gandak River.
	Figure 8 Average monthly sub-basin values of precipitation, water yield, and actual evapotranspiration obtained using SWAT model.
	Table 3 Average annual monthly hydrological variables in the study area.

	4.2 Analysis of flow in the study region
	Model simulation
	Figure 9 Time series plot of observed versus simulated daily discharge of monsoon period  (2002–2021).

	Model efficiency
	Coefficient of Determination (R2)
	Figure 10(a) Calibration of the model by river discharge scatter plots for daily stream flow.
	Figure 10(b) Validation of the model by river discharge scatter plots for daily stream flow.

	Calibration results
	Table 4 Calibration parameters used in SWAT model.

	Validation results
	Table 5 Validation parameters used in SWAT model.



	5. CONCLUSION
	REFERENCES


