Internation

al Journal of Inventive Engineering and Sciences (IJIES)
ISSN: 2319-9598, Volume-3 Issue-4, March 2015

Estimation of Surface Runoff using SWAT
Model
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Abstract— Runoff is a very important phenomenon of
hydrological cycle and it is relevant for the watershed
management programme for conservation and development or
natural resources and its management. However, In India the
availability of accurate information on runoff is scarce. Soil and
Water Assessment Tool (SWAT) is a physically based distributed
parameter model which has been developed to predict runoff,
erosion, sediment and nutrient transport from agricultural
watersheds under different management practices. For the
present study, a small agricultural watershed has been selected for
runoff assessment. Geoinformatic techniques such as ERDAS
software and Shuttle Radar Topographic Mission (SRTM) data
are used for execution of the model. Calibration of the model is
done with the help of observed data and then it is validated on
selected study area. For calibration and validation, daily observed
runoff data of 1997 and 1998 were used. It is found from the
results that, Nash and Sutcliffe efficiency was 0.62 and 0.74
respectively and coefficient of determination was 0.98 and 0.95
respectively for calibration and validation period.

Index Terms—Hydrological modeling, Nash and
Sutcliffe efficiency and SWAT.

Runoff,

I. INTRODUCTION

Simulation of runoff, soil erosion and sedimentldiare
essential for natural resources management andirsaiste
development. The reliable estimates of the vario
hydrological parameters including runoff and sedimgeld
for remote and inaccessible areas are tedious ind t
consuming by conventional methods. So it is dekar#imat
some suitable methods and techniques are used
quantifying the hydrological parameters from alitpaf the
watersheds. Use of mathematical models for thediggdic
evaluation of watersheds is the current trend atrdetion of
watershed parameters using remote sensing andagdocgl
information system (GIS) in high speed computeks the
aiding tools and techniques for it.

Surface runoff is one of the major causes of erogiche
earth's surface and the location of high runoffegating
areas are very important for making better landagament
practice. Runoff production in a watershed depencthe
mechanism by which runoff is generated. Infiltratiexcess
occurs when the rainfall intensities exceed to Hul
infiltration rate or any depression storage hambaecady
filled. Soil infiltration rates are controlled by ois

Manuscript Received on March 2015.

Er. V. S. Malunjkar, Department of Soil and Water Conservation
Engineering, Mahatma Phule Krishi Vidyapeeth, RafMH], India.

Dr. M. G. Shinde, Department of Soil and Water Conservation
Engineering, Mahatma Phule Krishi Vidyapeeth, RafMH], India.

Er. S. S. Ghotekar Department of Soil and Water Conservation
Engineering, Mahatma Phule Krishi Vidyapeeth, RafMH], India.

Dr. A. A. Atre, Department of Soil and Water Conservation Enginge
Mahatma Phule Krishi Vidyapeeth, Rahuri [MH], India

12

characteristics, vegetation cover and land use tipeac
There are various rainfall-runoff models developfed
accounting of hydrological processes. They aresiflad as
physical, empirical and conceptual models [1]. Mathtical
models are much more popular for runoff assessatethtese
are less data driven, simpler and cheaper [2]eb#fit types
of Physical models have been developed for theqaerpf
water resources management and planning such as
ANSWERS [3], WEPP [4], GUEST [5], EUROSEM [6] and
LISEM [7] are now widely accepted models for sinting
runoff and soil erosion.

The Soil and water Assessment Tool (SWAT) was
developed to predict the effects of different maragnt
practices on water quality, sediment yield andyimh load
in watersheds [8]. Various researchers have bealuaed
SWAT model and their findings indicated that SWAS i
capable of simulating hydrological processes watisonable
accuracy and can be applied to all types of unghbgsins.
Therefore, to test the capability of the model @tedmining
the runoff of the watershed, SWAT 2005 model with
ARCGIS 9.3 interface was selected for the preseialys

. MODEL DESCRIPTION

Soil and Water Assessment Tool (SWAT) is a rivesitba

watershed, scale model developed by Dr. Jefblrfor
the United State Department of Agriculture Agricudl
Research Service (ARS). SWAT was developed to gredi
the impact of land management practices on wateinrent

agricultural chemical yields in large complextevshed
with varying soils, land use and management carditiver
long periods of time. Rather than incorporatingresgion
equation to describe the relationship between irgmd
output variables, SWAT requires specific informatabout
weather, soil properties, topography, vegetatiod &md
management practices occurring in watershed. Tlsiqdd
processes associated with water movement, crop tigrow
nutrient cycling etc are directly modulated by SWASing
this input data.

In SWAT, a watershed is partitioned into a numbér
sub-watershed or sub-basins. The use of sub-basies
simulation is particularly beneficial when diffetesreas of
watershed are dominated by land uses or soilsndigsi
enough in properties to impact hydrology. By pentiing the
watershed into sub-basins, the user is able toremde
different areas of watershed to one another spatiaput
information for each sub-basin is grouped or orgadhiinto
different categories: climate; hydrologic respongaits
(HRUs); ponds/wetlands, groundwater; and the main
channel, draining the sub-basin. Hydrologic respousits
are lumped land areas within the sub-basin that@rgrised
of unique land cover, soil, and management comioinsit
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Simulation of hydrology of a watershed can be sajgalr
into two major divisions. The first division is thend phase
of the hydrologic cycle. The land phase of the bialyic
cycle controls the amount of water, sediment, eatriand
pesticide loadings to the main channel in eachlmsgin. The
second division is the water or routing phase oé th
hydrologic cycle which can be defined as the movenoé
water, sediment etc, through the channel networkhef
watershed to the outlet.

Ill.  STUDY AREA

For the present study, Maheshgad watershed wastesble
it is located towards South of Central Campus ohMma Figure 2. HRUs map generated by SWAT
Phule Krishi Vidyapeeth, Rahuri (190 19’ N longieudnd

740 38’ E latitude), Maharashtra. It is having 4bta area simulation is done by NRCS-CN method. Differentveur

and the average annual rainfall in the study &8 mm. — ,yper yse by SWAT for all the sub-watersheds are
Soil and land use pattern: Selected watershed is havmgpresented in Table 2.

loamy soil, murum and stony waste (exposed rodkpesof
watershed varies from 8 % to 1.95 %. It is dividetd eight Table 2. CN use by SWAT for runoff simulation
sub-watershed namely W1A, W1B, W1, W2, W3, W4, W5 g Siope | Land SWAT
and water body (W6). The area and average slopmaci | watershed | (%) | use code

Curve numbers; In SWAT model surface runoff

Soil code HSG| CN

. - WIA 8.00 | Horticulture | FRSD | ABRAM c| 77

sub-watershed are given in Figure 1. and Table 1. WiB 212 | Horticulure | ORCD| AQUENTS 177
Wi 8.77 | Horticulture | FRST | _ADAMS c| 73
w2 1.95 | Agriculture | AGRL | ADRIAN C | 83
W3 2.54 Pasture PAST AGAWAM C 79

Horticulture

w6 3.97 | oo pasture | RNGB | AURES c | 74
w4 3.07 | Horticulture | RNGE| AMENIA B | 69
W5 : Water body | WATR| BEACHES c| 92

Calibration and validation: Physically based distributed
watershed models should be calibrated before theynade
use of in the simulation of hydrologic processehisTis
reducing to uncertainty associated with model mtésh.
Hence, before going for the determination of thdrbjogic
components, a thorough attempt has been made ¢otlien
parameters of the model so that the predicted sadume in
very close agreement with available measured data.
SWAT 2005 has been calibrated and validated usilg d
runoff flow data and monthly Potential evapotrarsjon of

REECNEER

Figure 1. Land use pattern map of the study area

Table 1. Characteristics of sub-watersheds

Sub- Area | Slope . .

o Pe 1 soil type Land use two years 1997 and 1998. Data pertaining to ye&i 1tas
watershed | (ha) (%) . . .
WIA 238 8.00 Rock Horticulture been used for calibration and 1998 for validatidme
WI1iB 1628 | 2.12 Murum Horticulture calibration simulation period for runoff flow andomthly
W1 18.66 | 8.77 Murum Horticulture Potential evapotranspiration was started from Janta
W2 2.74 1.95 Loam Agriculture December 1997. The related SWAT model parameters we
W3 9.97 2.54 Murum Pasture adjusted to correct the overestimation of averaaiky dunoff
W4 4.75 3.07 Murum Horticulture flow. After calibration, the curve number (CN2) was
W5 8.92 - Loam Water body determined.
W6 244 | 3.97 | Murum Hoét"’”'t“re

and Pasture V. SWAT EVALUATION

V. SWAT SIMULATION Coefficient of efficiency (CE): The relative per_formance of
two approaches could be compared effectively based

Hydrologic response units (HRUs): SWAT model divide the standardization of residual variance with initialiance. The

eight sub-watersheds into twenty-eight HRUs. Itgoefficient of efficiency, CE is determined by foling

classification is dependent upon slope range. udystfour mathematical relationship [9];

slope ranges are selected 0-2 %, 2-4 %, 4-6 % 01l %. n _ 2

These HRU's are presented in Figure 2. E=1- Zi=1(qobS qSNat)

n _ 2
zizl(qobs qmean) (1)

Where, g,sis observed value g is simulated value and
Omean 1S the mean of observed value. The perfect agreeme
between observed and estimated values yields QE Zero
values of CE signify the estimate equals to measbsérved
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values. The negative value of CE implies estimaieas to
be less than observed mean.

Coefficient of determination: Coefficient of determination
calculated by formula [10],

S _ Z(Yi_fi)2

SR @)
SSq Z(yi—yi)

RP=1-

Where, S&sis the sum of squares of residuals, also calle

the residual sum of squares and,SIS the total sum of
squares (Proportional to sample variance).

VI. RESULTS AND DISCUSSIONS

The results obtained after SWAT simulations areialeg in
following figures. The daily runoff data of 1997 svselected
for the calibration of model. Figure 3 shows thatsrgram
of observed and simulated runoff during the catibra
period. It is observed that, few values are ovedjoted and
under predicted. However, maximum points are onlihgl
which is indicating very close agreement betweeseoled
and simulated results.
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Figure 3. Scattergram for comparison of simulated ad
observed runoff (mm) during calibration period.

Similarly, Figure 4. shows the scattergram for hédation
period (1998). It is observed that, few valuesarel:1 line
but maximum points are under predicted which inisa
there is less agreement between observed and s&mul
runoff results. It may be due to less storm evsalsction for
the study.
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Figure 4. Scattergram for comparison of simulated ad
observed runoff (mm) during validation period.
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Nash coefficient of efficiency and coefficient of
determination was used for model evaluation. T8tdbows
the results of SWAT model evaluation. Nash effickeand
coefficient of determination gave higher and witttime
permissible limit values, both for calibration avalidation
period. The result suggests that the model is ateusnd
very well, be used to predict the runoff for théested study
area.

Table 3. Evaluation of SWAT model

-

o A A A A
Statistical indices Callbrgtlon Valldgtlon
period period
Coefficient of efficiency 0.62 0.74
Coefficient of determination 0.98 0.95
VII. CONCLUSION

The basic module, SWAT 2005 was used for the assads
of surface runoff for Maheshgad watershed. The kitad
annual runoff by SWAT model is 42 mm and 81.24 mm,
respectively for the calibration and validation ipdr Two
evaluation indices were tested the results obtaiye8WAT
simulation. For the calibration period, Nash eéfitty and
coefficient of determination was 0.62 and 0.98peesively.
For validation period Nash efficiency and coeffitieof
determination was 0.74 and 0.95, respectively.

The study reveals that, SWAT model is accuratecapable
of simulating surface runoff from a small watershed
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