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ABSTRACT
Article Info According to World health Organization Global health Observatory, 600
Volume 7 Issue 5 million Indians are facing extreme water stress and about two lakh people die
Page Number: 190-196 every year due to inadequate access to safe water. This scenario indicate that
Publication Issue : many parts of the country will soon face a crisis in both water quantity and
September-October-2020 water quality unless management of water resources planned in a sustainable

way. Many major rivers are polluted as a result of urbanization and
industrialization, thereby quality parameters also violating the standards. In
India, more than 50% of population depends on agriculture and many farmers
use fertilizers, consists of harmful chemicals. The Nitrogen and phosphorous
are the two nutrients originating from inorganic and organic fertilizers, that
affect the water quality due to intensive agricultural farming and livestock
grazing. Water availability in a catchment is necessary to plan/allocate the
water resources in an equity manner. This can be estimated using a hydrologic
model, which is designed to simulate the rainfall-runoff processes of watershed
systems. An ArcGIS-based user interface could be used to model hydrologic
and water quality parameters. SWAT is a continuous simulation-based model
and is developed through a distributed hydrological modeling approach, which
is one of the few hydrologic models with water quality coupling capability.
This review mainly focuses on the broad aspects related to the execution and
applicability of SWAT for various catchments to simulate the runoff and other
quality parameters with various calibration techniques, thereby to make

policies for best management practices and to promote sustainable
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I. INTRODUCTION not only in agriculture but also in industry,

navigation and production of energy. As per June
Water resources are very important renewable 2018 Niti aayog report, by 2020 India will be formally
resources that are the basis for the survival and categorized as a “water stressed” country. 70% of

development of any society. Water plays vital role, water in India is contaminated and India is ranked
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120 among 122 countries in the water quality index
[12]. According to Sustainable Development Goal-6
(SDG 6), set by United Nations General Assembly in
2015, this aims to ensure availability and sustainable
management of water for everyone by 2030.
Therefore, attention must be paid to preserve water
quality and towards conservation of water resources.
The Soil and Water Assessment Tool (SWAT) model
is a non-proprietary hydrologic/water quality tool
developed by the United States Department of
Agriculture-Agriculture Research Service (USDA-
ARS) ([1, 3, 26, 31]; and has been continuously
(currently SWAT version 2012 with

ArcGIS10.5 interface is available) in response to

updated

advancing technology and improving its capabilities
for its application all over the world. The SWAT
model is developed to evaluate the effects of
alternative decisions on water resources and non-
point source pollution in river basins. It is also
necessary to test the model accuracy for built
confidence interval on the simulated results. Also,
several studies focused on calibration and validation
approaches used for verifying the accuracy of the
SWAT model for the simulated conditions [2]. In
India, very little research has been carried out in the
field of water quality modeling using SWAT.
Therefore, the main objective of this review article is
to provide (a) overview of SWAT development
history, (b) summarize the research carried out in
estimating the runoff and water quality using SWAT
and (c) to present general overview of calibration and

validation in order to reduce uncertainties.

II. THE SWAT MODEL

A large number of hydrological models are available
for different aspects of water resources management,
such as flood forecasting, water supply, and demand
analysis and water quality evaluation. Among all, the
Soil and Water assessment Tool [1] has proven its
capability to model water fluxes in regions with
[11,13]. SWAT is a

deterministic,

limited data availability

distributed parameter, continuous

watershed model that operates on a daily time step. It
is developed from the digital elevation model, land
use, soil type and slopes as the key inputs. SWAT
model is used to address various environmental issues
at a range of geographic and temporal scales. SWAT is
used to simulate water quality responses such as
sediment, Total phosphorous (TP), Total Nitrogen
(TN) and inorganic nitrogen [8].
[1,3], which

linkages

It is a process-
the

between watershed

oriented model incorporate
understanding  of
properties and water quality responses. SWAT has
already been utilized in large scale hydrologic studies
in India [14, 18, 19]. SWAT has been successfully
used for simulating runoff, sediment yield and water
quality of small watersheds for Indian conditions [28,
30, 33]. This model could be calibrated and sensitivity
analysis can also be performed based on the data

availability for point and non-point sources.

SWAT model subdivides the watershed into a number
of subwatersheds based on topography and user-
defined threshold drainage area (minimum area
required to Dbegin a stream) or predefined
subwatershed and reach delineation supplied by the
user. Each subwatershed is further divided into
hydrologic response units (HRUs), which are unique
combinations of soil, land wuse, slope, and land
management. The HRU is the smallest landscape
component of SWAT used for simulating hydrologic
processes. The size of an HRU depends on the
resolution of inputs, including digital elevation model,
soils, land use, and slopes, and user-defined thresholds
HRU distribution.
Simulation could be performed at HRU level. The
SWAT model uses the Modified Universal Soil Loss
Equation (MUSLE) [37] to estimate sediment yield at
HRU level. The SWAT model calibrations are

performed on an HRU basis, and flow and water

that define and refine the

quality variables are routed by HRUs and subbasins to
the The SWAT model

hydrology as a two-component system, comprised of

basin outlet. simulates

land phase, which controls the amount of water,

sediment, nutrient and pesticide loadings to the main
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channel in each subbasin and in-stream or routing
phase, which is the movement of water, sediments
etc., through the channel network of the watershed
to the outlet. The land portion of the hydrologic cycle
is based on a water mass balance. Soil-water balance is
the primary consideration by the model in each HRU,
which is represented as [1] (see Fig.1).

t
SWt = S\NO + z (Rday - qurf - Ea - WSEED - QQW)
i=1

Where SW, is the final water content, SW, is the

initial soil water content of the day I, t is the time in

days, R, is the amount of precipitation on day i,

day

Q. is the amount of surface runoff on day i, E,is
the amount of evapotranspiration on day i, W, is the

amount of water entering the vadose zone from the

soil profile on day i and Q_,is the amount of return

flow on day i (mm of H20).
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Figure 1. Hydrologic cycle representation in SWAT
model (source: Neitsch et al. 2005a;

http://swatmodel.tamu.edu/documentation

Precipitation inputs for hydrologic calculations can be
either measured data or simulated with the weather
generator available in the SWAT model. Surface
runoff is estimated using the Soil Conservation
Service (SCS) Curve Number (CN) or the Green-Ampt
infiltration equation. Potential evapotranspiration can
be calculated using Hargreaves, Priestly-Taylor or
Penman-Monteith method [1]. Loadings of flow,

sediment, nutrients, pesticides, and bacteria from the

upland areas to the main channel are routed through
the stream network similar to hydrologic model
(HYMO) [36]. The soil nitrogen (N) sis simulated in
the SWAT model and is partitioned into five N pools,
with two being inorganic (ammonium-N[NH4+-N] and
nitrate-N [NO3-N]) and three being organic (active,
stable and fresh). All soil N processes are simulated in
the SWAT model using relationships described in the
model’s theoretical documentation. The algorithms
used to describe N transformations in channel flow
from QUAL2E [26].
phosphorous(P) is divided into soluble P and organic

were adapted model
P. The model simulates transformation of nitrogen (N)
and phosphorus (P) between organic and inorganic

pools in the nutrient cycle as shown in Fig. 2.

III. APPLICABILITY OF SWAT FOR HYDROLOGY
AND WATER QUALITY

The SWAT model has been extensively applied for
issues ranging from hydrology, climate change,
pollutant load assessment, and best management
practices evaluation in various spatial and temporal
scales [33]. Flow, sediment, nutrients, pesticide and
bacteria from all HRUs are summed to the sub
watershed level and then routed through the
channels, ponds, reservoirs, and wetlands to the
watershed outlet. Flow is routed using either
variable-rate storage method [35] or Muskinghum
method [27]. SCS Curve Number method is the only
available in the model suitable for use with daily data.
Variable storage routing method may be used if the

calibration of parameters is not required [23].
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Figure 2. Nitrogen and phosphorus transformation
simulated in SWAT (source: Neitsch et al. 2005a;
http://swatmodel.tamu.edu/documentation)

The loss of both Nitrogen and Phosphorous from the
soil system of each HRU is accounted for by plant
uptake, their transport via surface runoff, eroded
sediment, lateral flow and percolation below the soil
profile, and by volatilization to the atmosphere [13,
22]. Excessive nutrients to water body can come from
a various source, such as nutrient-enriched runoff
from agricultural fields, lawns and discharges from
waste water treatment plants. In order to restore the
water quality, total maximum daily loads (TMDLs)
have to be developed for many nutrient impaired
water bodies. The water quality observations along
with spatially distributed watershed model SWAT has
extensively used for developing TMDLs by simulating
the hydrology, sediment, nutrient and pollutant
loading of large basins [25]. Sediment transport is
simulated, using modified Bagnold’s equation [4], as a
function of peak channel velocity. Sediment is either
deposited through channel erosion depending on the
sediment load entering the channel. The QUAL2E
model [6] can be coupled into SWAT model to
process in-stream nutrient dynamics [22]. In addition,
the model is also linked to GIS packages like GRASS
(Geographic Resources Analysis Support System) via
the SWAT-GRASS interface [1]. The SWAT model
could be applied to any region, if the datasets are
available to set up the model and the real-time data

availability to evaluate the model outcomes.

IV. CALIBRATION AND VALIDATION

Several studies present systematic strategies for
performing stream flow and/or pollutant calibration
and validation [2]. The most commonly calibrated
SWAT output is stream flow, which is especially at
annual and monthly time steps. Stream flow is
calibrated more often than water quality because it is
essential for the other water quality components of
the model [17] and also because observed flow data
are relatively abundant. On the other hand sediment
and nutrient parameters are not calibrated and
validated as often especially at the daily time scale [2,
15, 34]. Calibration and validation of water quality
parameters (sediment and nutrients) of SWAT at
coarser time scales is mainly attributed to scarcity of
observed water quality data at finer time scales [38].
For water quantity and quality analysis in SWAT,
there are three groups of parameters: Flow, Sediment,
and Nutrients, which could be -calibrated either
separately [7, 20, 17, 24] or simultaneously [21, 32,
38]. The first step in the calibration and validation
process in SWAT is the determination of the most
sensitive parameters for a given watershed. It is
necessary to identify key parameters and the
parameter precision required for calibration. When
the number of parameters used in the manual
calibration is large, especially for complex hydrologic
models, manual calibration becomes labor-intensive
[5] and automated calibration methods are preferred.
Automatic calibration could be performed using
SUFI-2 and can be performed at daily, monthly and
annual time scales [34]. Automatic calibration and
uncertainty analysis capability is now directly
incorporated in SWAT2012 [15, 16,18] via the
SWAT-CUP software [10]. An extensive array of
statistical techniques can be used to evaluate SWAT
[9],which

describe nearly 20 potential statistical tests that can be

hydrologic and pollutant predictions
used to judge SWAT predictions, including coefficient
of determination(r2), NSE, root mean square error
(RMSE),

functions, autocorrelation, and cross-correlation.

non-parametric tests, t-test, objective
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V. CONCLUSION

The model SWAT is widely used as the best
hydrologic model in India and world-wide. Also, it is
used to address various environmental issues and has
identified specific model improvements to better
address these issues. From the literature, the
simulation performance of the SWAT could be
improved by coupling with other water quality
models. Application of SWAT for fate and transport,
water footprint estimation, economic implications
due to climate change and land use change, and
simulation of concentrated flow sources of sediment
and nutrients are some of the important topics.
Nutrient loading from channels should be considered
while developing the watershed management plans.
Based on the spatially distributed watershed model,
sub basins that contribute sediments and nutrients
could be

practices also can be assessed with SWAT. The cost-

identified. Several best management
effective watershed management practices that will
reduce the watershed load in terms of total nitrogen
and phosphorous, which can be identified from the
sub basins in the watershed. Uncertainty can be
achieved by training the model with different
training sets and initialization conditions, whereas in
the SWAT model uncertainty can be estimated
through the several algorithms and expressed in terms
of parameter uncertainty. Very few studies focused on
water quality modeling coupled with hydrological
simulations using SWAT model in India [19, 29]. So,
it is utmost important to focus more on the water
quality and quantity aspects for the effective

utilization of water resources in a sustainable manner.
VI. ACKNOWLEDGEMENT

The author is grateful to the Prof. Balaji Narasimhan,

IIT madras and Prof, Pushpa Tuppad, SJCE, Mysore

for providing necessary inputs for this review article.

Conflict of Interest. Nil.

VII. REFERENCES

Arnold, J. G., R. Srinivasan, R. S. Muttiah, and
J. R. Williams. 1998. Large-area hydrologic
Part 1. Model
development. J. American Water Resour. Assoc.
34(1): 73-89.

Arnold, J.G., Moriasi, D.N., Gassman, P.W.,
Abbaspour, K.C., White M.]., Srinivasan R.,
Santhi C., Harmel, R.D., Van Griensven A., Van
Liew M.W., Kannan N. and Jha M.K 2012.
SWAT: Model Use, Calibration and Validation.
Trans ASABE 55(4):1491 —1508.

Arnold JG, Fohrer N (2005) SWAT2000:

current capabilities and research opportunities

modeling and assessment:

in applied watershed modelling. Hydrol Process
19:563-572

Bagnold RA (1977) Bedload transport in natural
rivers. Water Resour Res 13(20):303-312
Balascio, C. C., D. J. Palmeri, and H. Gao. 1998.
Use of a genetic algorithm and multi-objective
programming for calibration of a hydrologic
model. Trans. ASAE 41(3): 615-619.

Brown LC, Barnwell TO Jr (1987) The
enhanced water quality models QUAL2E and
QUAL2E UNCAS documentation and user
manual. EPA document EPA/600/3-87/007.
USEPA, Athens, GA

Chahinian N, Tournoud MG, Perrin JL, Picot B
(2011)
intermittent rivers: a modelling case-study on
the Ve'ne River using SWAT 2005. Hydrol Sci
] 56:268-287

Chaubey I, Migliaccio K.W, Green C.H, Arnold
J.G and Srinivasan R (2006)
Modeling in Soil and Water Assessment Tool
(SWAT) Model. Modeling Phosphorus in the
Environment, 2006 — CRS Press:163-188
Coffey, R., E. Cummins, N. Bhreathnach, V. O.
Flaherty, and M. Cormican. 2010. Development
Irish
catchments using SWAT. Agric. Water Mgmt.
97(1): 101-111.

Flow and nutrient transport in

Phosphorus

of a pathogen transport modelfor

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 7 | Issue 5

194


http://www.ijsrset.com/

[15].

[16].

[17].

[18].

. Eawag.

. NITI

. Stehr,

Sravani Duvvuri Int J Sci Res Sci Eng & Technol. September-October-2020; 7 (5) : 190-196

2009. SWAT-CUP. Dibendorf,
Switzerland: Swiss Federal Institute of Aquatic
Science and Technology. Available at:
www.eawag.ch/organisation/abteilungen/siam/s

oftware/ swat/index_EN.

. Ndombea, P., F. Mtalo, and A. Killingtveit. 2008.

SWAT model application in a data scarce
tropical complex catchment in Tanzania.
Physics and Chem. of the Earth 33(8-13): 626-
632.

Ayog, 2018.

Management Index -

‘Composite ~ Water
A tool for water
management, Ministry of Water Resources.

A., P. Debels, and H.
Alcayaga. 2008.Hydrological modelling with
SWAT under
availability: Evaluation of results
Chilean case study.Hydrol. Sci. J. 53(3): 588-

601.

F. Romero,

conditions of limited data

from a

. Dhar, S., and A. Mazumdar. 2009. Hydrological

modelling of the Kangsabati River under
changed climate scenario: Case study in India.
Hydrol. Proc. 23(16): 2394-2406.

Gassman PW, Reyes MR, Green CH, Arnold JG
(2007) The Soil and Water Assessment Tool:
Historical development, applications and future
directions. Trans ASABE 50(4):1211-1250.
Gassman PW, Sadeghi AM, Srinivasan R (2014)
Applications of the SWAT model special
section: overview and insights. ] Environ Qual
43:1

Gikas GD, Yiannakopoulou T, Tsihrintzis VA
(2005) Modeling of non-point source pollution
in a Mediterranean drainage basin. Environ
Model Assess 11:219-233

Gosain, A. K., S. Rao, and D. Basuray. 2006.
Climate change impact assessment on
hydrology of Indian river basins. Current Sci.
90(3): 346-353.

. Immerzeel, W. W., A. Gaur, and S. J. Zwart.

2008. Integrating remote sensing and a process

based hydrological model to evaluate water use

[23].

[25].

and productivity in a south Indian catchment.
Agric. Water Mgmt. 95(1): 11-24.

. Jha MK, Gassman PW, Arnold JG (2007) Water

Raccoon River
ASABE

quality modeling for the
watershed using SWAT.
50(2):479-493

Trans

. Kaur R, Singh O, Srinivasan R, Das SN, Mishra

K (2004) Comparison of a subjective and a
physical approach for identification of priority
areas for soil and water management in a
watershed—a case study of Nagwan watershed
in Hazaribagh District of Jharkhand, India.
Environ Model Assess 9:115-127

. Lacewell R, Harris BL, Tuppad P, Ensor M,

Gibbs M, Minzenmayer R, Srinivasan R,
Williams JR  (2010) Improving water
management in rainfed agriculture

(unpublished report). Texas Water Resources
Institute (TWRI), Texas A&M University, TX,
USA

Mohammed, I.N.; Bolten, ]J.D.; Srinivasan, R;
Lakshmi, V. Improved Hydrological Decision
Support System for the Lower Mekong River
Basin Using Satellite-Based Earth Observations.
Remote Sens. 2018, 10, 885.

. Muleta MK, Nicklow JW (2005) Sensitivity and

uncertainty analysis coupled with automatic
calibration for a distributed watershed model. ]
Hydrol 306:127-145

Narasimhan B., Srinivasan R., Bednarz S.T.,

M.R and Allen P.M (2010) Ac

comprehensive modeling approach for reservoir

Ernst

water quality assessment and management due
to point and non point source pollution,
transactions of the ASABE, Vol. 53 (5): 1605-
1617

. Neitsch SL, Arnold JG, Kiniry JR, Williams JR

tool—
2005.

http://swatmodel.tamu.edu/documentation

(2005a) Soil and water

documentation-version

assessment

theoretical

. Overton DE (1966) Muskingum flood routing of

upland streamflow. ] Hydrol 4:185-200

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 7 | Issue 5

195


http://www.ijsrset.com/

Sravani Duvvuri Int J Sci Res Sci Eng & Technol. September-October-2020; 7 (5) : 190-196

[28]. Pandey A ( 2008) Runoff and sediment yield basin in South China using SWAT. Front Earth
modeling from a small agricultural watershed in Sci China 3:273-278
India using The WEPP model. Journal of
Hydrology 348: 305-319.
[29]. Shinde Vipul T., Tiwari Kamlesh N., Nadgude ~Cite this article as:
Sachin B., Singh Manjushree water quality

assessment and application of SWAT model for Sravani Duvvuri, "Watershed Modeling Using Swat

hydrologic simulations in a mined watershed , for Hydrology and Water Quality : A Review’,
International Journal of Scientific Research in Science,
Engineering and Technology (IJSRSET), Online ISSN :
2394-4099, Print ISSN : 2395-1990, Volume 7 Issue 5,
pp.- 190-196, September-October 2020. Available at
doi  :https://doi.org/10.32628/IJSRSET207543

Journal URL : http://ijsrset.com/IJSRSET207543

Climate change and environmental
sustainability, vol.5 Issue 2, 2017.

[30]. Shivhare N., Prabhat Kumar S. and Shyam
Bihari D. (2018) A comparison os SWAT model
Calibration = Techniques for Hydrological
Modeling in the Ganga River Watershed,
Watershed Ecology, Elsevier, Engineering 4:
643-653

[31]. Srinivasan, R. & Arnold, J. G. (1994) Integration
of a basin-scale water quality model with GIS.
Water Resour. Bull.30(3), 453-462

[32]. Tolson BA, Shoemaker CA (2008) Efficient
prediction uncertainity approximation in the
calibration of environmental simulation
models. Water Resour Res 44(4):W04411

[33]. Tripathi MP, Panda RK, Raghuwanshi NS
(1999) Estimation of sediment yield from a
small watershed Using SWAT model. Asian
Institute of Technology 87-96.

[34]. Tuppad. P, Narayanan K, Srinivasan R, Arnold
J.G  (2010) Simulation of Agricultural
Management Alternatives for watershed
protection, Springer science 3115-3144

[35]. Williams JR (1969) Flood routing with variable
travel time or variable storage coefficients.
Trans ASAE 12(1):100 103

[36]. Williams, J.R and R.W Hann (1972) HYMO,
aproblem  oriented computer language
hydrologic models. Water Resour. Res. 8(1):79-
85.

[37]. Williams JR (1975) Sediment routing for
agricultural watersheds. Water Resour Bull
11(5):965-974

[38]. Wu Y, Chen ] (2009) Simulation of nitrogen
and phosphorus loads in the Dongjiang River

International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 7 | Issue 5 196



http://www.ijsrset.com/
https://doi.org/10.32628/IJSRSET207543
https://search.crossref.org/?q=10.32628/IJSRSET207543
http://ijsrset.com/IJSRSET207543

