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SIMULATION MODELLING OF CROP WATER DEMAND USING SWAT
MODEL: A CASE STUDY OF BUTANA DISTRIBUTARY, HARYANA, INDIA
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ABSTRACT
Agriculture sector is a major user of water, hence, improving agricultural water management is essential. Efficient agricultural water
management requires reliable estimation of crop water requirement. In this study, the SWAT model was utilized for evapotranspiration
module. The SWAT model was used to simulate the crop evapotranspiration under wheat crop in the Butana distributary which is a part of
western Yamuna canal command as a case study. DEM, Land use Land cover, Soil, Slope, meteorological data, crop data were taken as
input data. On the basis of model simulation, SWAT model results of three rabi seasons were compared with the field data (Lysimeter) of
an average of three rabi seasons of evapotranspiration. Model simulation of evapotranspiration was found to be in good agreement with
field observation as indicated by a variety of statistical measures used to evaluate the goodness of fit. The baseline test result of R2 and Ens
value ranged between (0.877-0.947) and (0.812-0.932) suggesting that SWAT model is satisfactorily replicating the evapotranspiration of
Butana distributary. The study shows that SWAT model gives reasonable accuracy and it is recommended for water balance study and
water management planning in the Butana distributary.
Keywords: - Evapotranspiration, SWAT, Water balance, Butana distributary

INTRODUCTION
Water is the vital natural resource without which we cannot
survive. The need of water tends to increase in India due to
the growth of population as well as industrial and agricultural
production. Climate change is one of the important factors in
the uneven distribution of water on earth. Some places have
suffered from heavy rains causing floods and on the other
hand, some have been affected by droughts.
For significant and efficient management of water in
agriculture, water balance is a major factor. Water balance
makes the possible way of solving scientific and practical
problems, in particular, the problem of the influence of human
activity on water balance elements. Evapotranspiration is
fundamental, when dealing with water resources management
issues such as the provision of drinking and irrigation water.
A knowledge of the evapotranspiration is needed to determine
irrigation requirement. Since the study area is situated in a
semi-arid zone and it is one of the most important in the
agricultural field. The estimation procedure of crop water
requirement by FAO of the United Nations (Doorenbos and
Pruitt, 1977) has been mostly used in the world. Conjunctive
use of surface and groundwater has been the subject of much
research (Young and Bredehoeft, 1972; Bredhoeft and Young,
1983; O‘Mara and Duloy, 1984; Onta et al., 1991; Matsukawa
et al., 1992 and Reichard, 1995). The above problem makes it
important to determine the amount of available fresh water for
agricultural sector and recommend a suitable method.
Modelling can play an important role in the development of
sustainable management plan of water resources at river basin
scale. Various studies investigated the role of models in the
implementation of the water-related policies such as the EU
Water Framework Directive (Wasson and Tusseau, 2003;
Dorge and Windolf, 2003). The Soil and Water Assessment
Tool (SWAT) has been widely used since 1993 by
hydrologists for watershed hydrology (e.g., Srinivasan et al.,
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1998; Santhi et al., 2001; Cao et al., 2006; Schuol and
Abbaspour, 2007; Keshta et al.,2009; Manjan and Aggarwal,
2014; Liu et al., 2015). Moreover, many studies have been
carried out on hydrological aspects in the study area (e.g.,
Amin and Ahmad, 1995; Aimrun et al., 2004; Mustafa et al.,
2005; Lai et al. 2008; Rowshon et al., 2009; Alansi et al.,
2009; Waleed et al., 2009).
The objective of this study is to investigate the
evapotranspiration in semi-arid area through water balance
modelling. Soil Water Assessment Tool (SWAT) was used to
simulate the water balance study of the Butana distributary.

MATERIALS AND METHODS
SWAT model description
SWAT 2012 was used for research work with Arc SWAT
interface. SWAT is a continuous-time, semi-distributed,
process based watershed model (J.G. Arnold et al, 2012). The
SWAT system embedded within ArcGIS can integrate various
spatial environmental data. The SWAT divides the sub-basins
into Hydrological Response Units (HRUs) with homogeneous
land use / land cover, soil, and slope. It estimates the daily
volume of run off over each HRU by solving the water
balance
components
of
precipitation,
runoff,
evapotranspiration, percolation and return flow from the
subsurface and groundwater flow (Arnold et al, 1998). The
peak rate of runoff is computed by using a modified ‘rational
method’ (Chow et al, 1998). Similarly, Surface runoff is
estimated by using the Green-Ampt method or the modified
SCS curve number method (USDA Soil Conservation Service,
1972). Lateral subsurface flow is estimated using kinematic
storage model, whereas empirical approaches are adopted for
groundwater (Arnold et al, 1998; Borah and Bera, 2003).
Flow routing is estimated either by variable storage or the
Muskingum routing method (Neitsch et al, 2005). The
potential evapotranspiration can be computed directly for the
basin using one out of three methods i.e. Penman–Monteith
method, the Priestley–Taylor method or the Hargreaves
method (Arnold et al, 1998). In the present study, daily
climate data and Hargreaves method are used for estimating
evapotranspiration.
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Evapotranspiration module in SWAT
The water balance equation in the SWAT model is expressed
as
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where SWt is the ﬁnal soil water content (mm), SW0 is the
initial soil water content (mm), t is the time (d), Rday is the
amount of precipitation on day ‘i’ (mm), Qsurf is the amount of
surface runoff on day ‘i’ (mm), Eα is the amount of
evapotranspiration on day ‘i’ (mm), ωseep is the amount of
percolation that passes the soil proﬁle bottom on day ‘i’ (mm),
Qgw is the amount of return ﬂow on day ‘i’ (mm).
Potential evapotranspiration
The evaporation plus transpiration from a vegetated surface
with unlimited water supply is known as potential
evaporation.
Actual evapotranspiration
Actual evaporation is the amount of water which is evaporated
a normal day which means that if for instance the soil runs out
of water, the actual evaporation is the amount of water which
has been evaporated, and not the amount of water which could
have been evaporated if the soil had had an infinite amount of
water to evaporate.
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Canopy interception
Canopy interception is the rainfall that is intercepted by
the canopy of a plant and successively evaporates from the
leaves.
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where Esoil, ly is the moisture that can be evaporated at the soil
layer of ly (mm), Esoil, zl is the moisture that can be evaporated
at the lower layer of the soil (mm), and Esoil, zu is the moisture
that can be evaporated at the upper layer of the soil (mm).
Crop water requirement is defined as the quantity of water,
regardless of its source, required by a crop or diversified
pattern of crops; in a given period of time for its normal
growth under field conditions at a place. Thus, the method
was introduced into the SWAT model to improve the
evapotranspiration module (Allen et al., 1998). The FAO–56
dual crop coefficient method can be expressed as
=
= (
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where ETc is the crop evapotranspiration (mm), kc is the crop
coefficient, ET0 is the reference crop evapotranspiration, kcb
is the basal crop coefficient, and ke is the soil evaporation
coefficient.

CASE STUDY

Crop transpiration
Water is not just evaporating from open water or from the
soil, but also from vegetation. This is called transpiration. The
amount of vapour released from the pore depends of the
temperature of the leaf, light and the amount of water in the
leaf.
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The moisture that can be evaporated at the soil layer depends
on the moisture that can be evaporated at the upper and lower
layers of the soil.

Model setup
In this study, DEM, Land use/Land cover, soil type was the
first of the SWAT model for the HRUs (Hydrological
response unit) Then the evapotranspiration module of the
model was used, and the parameters of meteorology, soil
property, irrigation and crop were also put in the model for
sensitivity analysis and evapotranspiration. Thereafter, the
winter wheat has been selected as a crop, and the
evapotranspiration result of the model compared with field
data to verify that the model result is more suitable for
simulating crop evapotranspiration in the butana distributary.
Fig. 1 shows the flowchart of methodology.

Where Ea is the actual evapotranspiration (mm), Ecan is the
evapotranspiration of free moisture of canopy (mm), E0 is the
potential evapotranspiration (mm),EINT(i) is the initial free
moisture content of canopy (mm), and EINT(f) is the ﬁnal free
moisture content of canopy (mm).
=

Where Esoil,z is the moisture that can be evaporated at the
depth of z (mm), E”s is the allowed maximum evaporation
(mm), and z is the soil depth below the ground surface.

≤ 3.0 ………………….(7)
> 3.0………………………(8)

where E0 is the potential evapotranspiration after the free
moisture of canopy has been evaporated (mm), Et is the
maximum transpiration (mm), and LAI is the leaf area index.

Study area
The study area is located in the north-west part of Sonipat
district and north of Rohtak district in Haryana (Fig. 2). The
Butana distributary is a part of western Yamuna canal. The
Butana watershed lies between 28°45’ to 29°43’N latitude and
76°53’ to 77°44’E longitude with geographical area of 231
km2.
Input data
DEM
DEM is the first and the main input for SWAT. ASTER DEM
of 30m resolution was used in the research. Stream network,
longest path of distributary and outlet points were delineated
with the help of DEM. Fig. 3 shows the DEM.

Soil evaporation
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Fig. 1: Flowchart of methodology
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Fig. 2: Location map of study area
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approximate classification of USDA, the soil of the
experiment field is classified as typic Natrustalf of the order
alfisol. The soil textural and physicochemical properties
required by SWAT model include bulk density, soil texture,
available water capacity, saturated hydraulic conductivity,
organic carbon content and electric conductivity for each soil
type (Setegn et al., 2009). Distributary soil data were
appended to the SWAT database. The soil map of the study
area is shown as Fig. 5.

Fig. 3: DEM of study area.
Land use/Land cover
Land use/ Land cover is also very important input in SWAT
and it affects the process of surface runoff, sub-surface runoff,
soil erosion and evapotranspiration. LISS III data was used for
the preparation of LU/LC map. It was found that major
portion in the distributary is agriculture and LU/LC map was
verified with some ground truthing. Fig. 4 presents LU/LC
map.

Fig. 5: Soil map study area
Meteorology data
Meteorological data were collected from Central Soil Salinity
Research Institute ( CSSRI), Karnal, Haryana. The data were
collected for the period of (1991-1995) to run the model.
Similarly, open pan evaporation data was collected for the
calibration of the model. Meteorological data required as an
input to SWAT model consist of daily precipitation,
temperature, humidity, solar radiation and wind velocity.

Fig. 4: Land Use/Land Cover map of study area.
Soil database
Soil in the Butana distributary command is, in general, sandy
loam in texture. This is shallow in depth, poor in organic
matter content and other plant nutrients. Soils found in this
region are sandy with a nearly flat slope. Based on the 7th

Sensitivity analysis
Several studies have been conducted on the sensitivity of the
SWAT model (Rose 1983; Dalrymple and Broyd, 1987; Iman
and Helton, 1988; Saltelli and Marivoet 1990; Helton 1993).
As all the parameters have different weights on the model
outputs: characterization of the model sensitivity to different
parameters is required for better understanding of the model.
Therefore, prior to the calibration, sensitivity analysis was
conducted to assess the most sensitive parameters. Among the
sensitive parameters, some are clearly identifiable while
others are not. In this study, the sensitivity of model
parameters has been attempted in relation to the water
balance.
Model simulation
To quantify the accuracy of the results, two statistical
parameters used are the coefficient of determination (R2) and
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the Nash-Sutcliffe model efficiency (Ens) (Nash and Sutcliffe,
1970). Neitsch et al. (2002) recommended the use of both the
statistics for verifying the performance of the SWAT model.

between 0.75 and 0.36 are considered satisfactory and values
below 0.36 are considered not satisfactory.

The coefficient of determination (R2) is calculated using the
following equation:

The model was run for the years from 1991 to 1995 with a
“warm up” period as the year 1991. The best simulation is
graphically presented in Figure 6 (values in Table 1).

=

∑
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∑
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∑
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where Es is the average simulated value of winter wheat
evapotranspiration, Em is the average measured value of
winter wheat evapotranspiration.
The Nash-Sutcliffe Efficiency (Esn)has been reported in
scientific literature for model simulations of discharge, and
water quality constituents such as sediment, nitrogen, and
phosphorus loadings (Moriasi et al., 2007). This is calculated
as:
=1−

∑
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where Eobs is observed evapotranspiration, Esim is modelled
evapotranspiration, Eobs,mean is Average values measured
observed discharge at time t . According to Van Liew et al.
(2005), Ens value greater that 0.75 is considered good value,

RESULTS AND DISCUSSION

The ET value from SWAT model for winter wheat crop over
the study area in the year 1992-93 is 325.819 mm, In 1993-94
is 318.214 mm and In 994-95 is 315.542 mm whereas an
average of three year rabi season result from field method i.e.
lysimeter is 354.3 mm. The results show a good correlation
between the predicted and observed ET. The Ens value is
indicating that the simulated and observed ET have very good
correlation and that the model can properly simulate the
catchment response. The R2 approached 0.917 showing that
the root mean square errors are minimal and therefore the
model can satisfactorily simulate the catchment response with
reasonable accuracy.
In general, the sensitivity analysis (as mentioned in Table 2)
shows that the ranks of an individual parameter variable are
consistent with the parameter ranks when all variables are
considered simultaneously. Finally, 6 parameters (CN2,
EPCO, ESCO, GW_REVAP, SOL_AWC, SOL_K,
V_CANMX.hru) were considered most sensitive to the
SWAT model for water balance study.

Table 1: Comparison of SWAT Model ET result with Average of three year ET result from Lysimeter.
MONTHS

1992-93 (ET
mm)

YEAR
1993-94 (ET
mm)

1994-95 (ET
mm)

average ET value of
Lysimeter

NOV
DEC
JAN
FEB
MAR
APR
TOTAL

9.251
26.189
41.881
72.175
112.865
63.458
325.819

8.433
20.588
39.938
79.609
118.623
51.023
318.214

9.685
24.691
49.019
77.555
104.18
50.246
315.542

20.6
29.7
50.4
87.7
124.3
41.1
354.3

Table 2: Sensitivity analysis
Parameter

Definition

CN2
V_ESCO. Hru

Curve number
Soil evaporation
compensation factor
Maximum canopy
interception
Shallow groundwater
re-evaporation
coefficient
Plant absorb
compensation factor
Soil available water

V_CANMX.hru
V_GW.REVAP.gw

V_EPCO. hur
SOL_AWC.Sol

Rank
1
2

Parameter
range
35- 95
0.0-1.0

Parameter
calibration value
45
0.9

Process
Runoff
Evaporation

3

0.0-30.0

10

Evaporation

4

0.02-0.2

0.115

Groundwater

5

0.0-1.0

0.5

Evaporation

6

0.0-1.0

0.5

Soil
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Fig. 6: Simulated and measured values scatter diagram of winter wheat monthly evapotranspiration
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Fig. 7: Comparison result of SWAT estimated ET of three years with average ET of field method (Lysimeter).
The calculated Ens and R2 were 0.812 and 0.877 for the year
1992-93, 0.932 and 0.943 for the year 1993-94 and 0.905 and
0.947 for the year 1994-95 respectively (Fig. 6). Ens value
close to 1 shows that the simulated and observed ET have
very good correlation & that the model can properly simulate
the catchment response. Fig. 7 shows the Comparison result of
SWAT estimated ET of three years with average ET of field
method (Lysimeter).

observed and predicted evapotranspiration. In conclusion, the
present study demonstrated that the performance of SWAT
model was highly acceptable. Therefore, this model can be
applied in the similar areas for other water balance studies.
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