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Abstract 

The present study is based on SWAT (Soil and Water Assessment Tool) Model which integrates the GIS information with attribute 

database to estimate the runoff of Shakkar River catchment. 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. The SWAT Model works in conjunction with Arc GIS. In the present study the 

catchment area has been delineated using the DEM (Digital Elevation Model) and then divided into 23 sub-basins. For preparation 

of landuse map, the LANDSAT images are downloaded from earth explorer and the soil map is extracted from NBSS. The sub 

basins are further divided into 223 HRUs which stands for Hydrological Response Unit. Then by using 21 years of daily rainfall 

data and daily maximum and minimum temperature data SWAT simulation is done for daily basis to find out Runoff for 

corresponding Rainfall. The coefficient of correlation (r) for rainfall in a period and the corresponding runoff is found to be 0.8019. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In water resources studies, runoff is the most important hydrological variables used. Estimation of direct runoff for ungauged river 

basins is difficult and time consuming. The conventional models for predicting runoff requires considerable hydrological and 

meteorological data. Many models were developed for watershed hydrology but the availability of temporal and spatial data was 

the main constraint hindering the implementation of these models especially in developing countries. Remote sensing and 

Geographic Information Systems (GIS), in combination with appropriate rainfall runoff models, provide ideal tools for the 

estimation of direct runoff volume, peak discharge and hydrographs. However, the development of remote sensing techniques and 

Geographic Information System (GIS) capabilities has influenced and enhanced the vast use of these models worldwide. 

The model will be capable of forecasting the runoff for any given event of rainfall for the required duration.  ArcGIS 10.1 and 

ArcSWAT2012 are the main software used in the present study. In the present study an attempt has been made for estimation of 

runoff using SWAT model utilizing GIS. 

II. STUDY AREA 

The study was carried out in the Shakkar river watershed, geographically located between 22°20' N to 23°00' N latitude and 78°40' 

E to 79°20' E longitude. The Shakkar river originates in the Satpura range, east of the Chhindi village Chhindwara district, Madhya 

Pradesh. The major portion of watershed lies in Narsinghpur district and some part in Chhindwara district. Shakkar river is a left 

bank tributary of Narmada river. Main town near its confluence with Narmada is Gadarwara. Area is studied upto Gadarwara. The 

area of the watershed is about 2223 km2 up to the gauge discharge site. Length of the river is 161 km. The maximum and minimum 

elevations of the watershed are respectively 314 m and 1154 m above MSL (mean sea level). 

III. DESCRIPTION OF SWAT MODEL 

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. The SWAT 

works in conjunction with ArcGIS with an extension ArcSWAT a graphical user interface for SWAT tool. The hydrologic cycle 

as simulated by SWAT is based on the water balance equation (1). Here the runoff volume is estimated by using the Soil 

Conservation Service (SCS) curve number technique (USDA, 1972). 

SWt=SW0+∑ (Rday-Qsurf-Ea-Wseep-Qgw) 

Where, SWt is the final soil water content (mm H2O), SWo is the initial soil water content (mm H2O), t is time in days, Rday 

is amount of precipitation on day i (mm H2O), Qsurf is the amount of surfacerunoff on day i (mm H2O), Ea is the amount of 

evapotranspiration on day i (mm H2O), wseep is the amount of percolation and bypass exiting the soil profile bottom on day i (mm 

H2O), Qgw is the amount of return flow on day i (mm H2O). For simulation, a watershed is sub-divided into a number of sub-
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basins or sub watersheds. The use of sub basins in a simulation is particularly beneficial when different areas of the watershed are 

dominated by land uses or soils dissimilar enough in properties to impact hydrology. The total runoff mainly depends on the actual 

hydrologic condition of each land cover soil type and slope present in the watershed. Therefore, the impact of each type of land 

use is considered in this modelling to calculate runoff of the basin. After the overlay of the land-use, soil maps and slope, the 

distributions of the Hydrological Response Units (HRUs) were determined. HRUs divide the sub basin in to the area of similar 

land use, soil type and slope. Runoff is predicted separately for each HRU and routed to obtain the total runoff of the watershed. 

This increases accuracy and gives a much better physical description of the water balance. 

IV. METHODOLOGY 

SWAT requires many sets of spatial and temporal input data. As semi-distributed model, SWAT has to process, combine and 

analyze spatially these data using GIS tools. Therefore, to facilitate the use of the model, it was coupled with GIS software as free 

additional extension ArcSWAT for ArcGIS. The methodology for the runoff modelling at the basin outlet using SWAT is depicted 

in flow chart Figure.2. 

 
Fig. 1: Methodology for rainfall- runoff modelling. 

 

 Digital Elevation Model (DEM) 

DEM (Figure 3a) is extracted from the website of SRTM. It is used to delineate the watershed and sub-basins as the drainage 

surfaces, stream network and longest reaches. The topographic parameters such as terrain slope, channel slope or reach length were 

also derived from the DEM. 

 Land use Map 

Land use/ land cover map (Figure 3b) for the study area is prepared using satellite image (acquired on January 2006) with spatial 

resolution of 23 m. The Supervised classification technique has been carried out to derive and distinguish the most present land 

use classes in the Shakkar basin. 

 Soil Map 

The soil map is extracted from the NBSS, Nagpur. 

 Hydro meteorological data 

SWAT requires daily values for precipitation, maximum and minimum temperature, solar radiation, relative humidity and wind 

speed for modeling of various physical processes. Rainfall data and Temperature data of Shakkar river catchment has been 

downloaded from IWRIS portal and http://swat.tamu.edu respectively. Here 100 years of daily rainfall data and 21 years of daily 

discharge data is used. The location map of the raingauge stations as well as temperature stations has been shown in Figure 3d. 
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(a) 

 
(b)                                                         (c) 

Fig. 2: Spatial and weather data of the study area (a) DEM (b) Land use and Land cover Map (c) soil map 

V. MODEL SETUP 

The entire database required by the SWAT model is developed for the study area and the model has been setup. ArcSWAT2012 

allows us to delineate sub-watersheds based on an automatic procedure using DEM. DEM is imported in the model and the mask 

is manually created in the model in order to extract out the Shakkar sub-catchment area. The outlet is defined for the catchment 

area and Watershed was delineated for the present study (Figure 4.) and all the parameters are calculated for each sub basins. The 

total area of the catchment is found to be 2223 km2. The minimum and maximum elevations of the study area are 314m and 1154 

m respectively. The catchment is divided into 23 sub-basins. 

 
Fig. 3: Delineated watershed with sub basins 
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SWAT allows us to import the land use and soil map to the model, then evaluate slope characteristics and determine the land HRUs 

for each sub-watershed. Land use category is used for specifying the Land use layer and soil look up table is used for specify the 

type of soil to be modelled for each category. The soil map reclassified the database in 4 hydrological soil group (HSG) named A, 

B, C and D based on their infiltration rate. The LULC map is also reclassified into 5 different categories. Next the land use, soil 

and slope data layers have been overlaid. The distribution of hydrologic response units (HRUs) within the catchment has been 

determined. The model requires daily data for precipitation.  SWAT allows the user to load weather station locations into the 

current project and assign weather data to the sub-watersheds. Here 100 years (1901 to 2011) daily rainfall data for 3 rain gauge 

stations has been utilized. Weather data is loaded using the “Write Input Tables” menu on the ArcSWAT toolbar. This tool allows 

user to load weather station locations into the current project and assign weather data to the sub-watersheds. For each type of 

weather data loaded, each sub-watershed is linked to one gauge. Before SWAT can be run, the initial watershed input values must 

be defined. These values are set automatically based on the watershed delineation and Land use\ soil\ slope characterization or 

from defaults. After this step, the model was run to simulate the surface runoff. 

VI. SWAT SIMULATION 

The SWAT Simulation menu allows user to finalize the setup of input for the SWAT model and run the SWAT model, perform 

sensitivity analysis and perform auto-calibration. 

VII. RESULTS AND DISCUSSION 

This study shows the structure of the SWAT-based model used in modelling of the Rainfall Runoff process. SWAT simulation is 

done for daily basis. The rainfall runoff correlation has also been done for 21 years data and a good correlation is found with r2 

value 0.8019. 

SWAT also gives daily Runoff for corresponding daily Rainfall value throughout the year. Here the graphical representation of 

daily maximum Rainfall-Runoff values for each year for 21 years period has been shown in Figure 5. 

VIII. CONCLUSION  

SWAT model for the catchment produced good simulation results for daily, monthly and yearly runoff values as for the other water 

balance components. In this context, the observed correlation coefficient(r) is 0.8019. The evaluation of the model performance 

was carried out successfully with the recommended statistical coefficients. These performances can be enhanced furthermore using 

more accurate input data especially for the soil, land use and DEM data that were estimated in this study with global data. The 

integration of climatic data such as rainfall data, temperature data also helps to compute accurate rainfall-runoff correlation. With 

the help of observed runoff data of the catchment, model validation can be done. 

REFERENCES 

[1] A S Jasrotia , S D Dhiman  And S P Aggarwal “Rainfall-Runoff And Soil Erosion Modeling Usingremote Sensing And Gis Technique-A Case Study Of 

Tons Watershed” Journal of the Indian Society of Remote Sensing, Vol. 30, No. 3, 2002 
[2] A. Bhadra ,  A. Bandyopadhyay , R. Singh ,N. S. Raghuwanshi “Rainfall-Runoff Modeling: Comparison Of Two Approaches With Different Data 

Requirements” Water Resour Manage (2010) 24:37–62 

[3] A. W. Jayawardena, N. Muttil And J. H. W. Lee “Comparative Analysis Of Data-Driven And Gis-Based Conceptual Rainfall-Runoff” Journal Of Hydrologic 
Engineering © Asce / January/February 2006 

[4] A.S. Chandra Bose, M.V.S.S.Giridhar  And G.K.Viswanadh “Gis Based Fully Distributed Rainfall-Runoff Model For Suggesting Alternate Land Use 

Patterns” World Environmental and Water Resources Congress 2013: Showcasing the Future © ASCE 2013 
[5] Assefa M. Melesse , S.F. Shih “Spatially Distributed Storm Runoff Depth Estimation Using Landsat Images And Gis” Computers and Electronics in 

Agriculture 37 (2002) 173_/183 

[6] E. Todini, “The Arno Rainfall-Runoff Model” Journal of Hydrology 175 (1996) 339-382 
[7] Francisco Olivera And David Maidment, “Geographic Information Systems (Gis)-Based Spatially Distributed Model For Runoff Routing” Water Resources 

Research, Vol. 35, (1999) 

[8] Francisco Olivera, Milver Valenzuela And Raghavan Srinivasan “Arcgis-Swat: A Gis Interface For The Soil And Water Assessment Tool (Swat)” 
[9] G. De Winnaar, G.P.W. Jewitt, M. Horan “A Gis-Based Approach For Identifying Potential Runoff Harvesting Sites In The Thukela River Basin, South 

Africa” (2007)Physics and Chemistry of the Earth 32 (2007) 1058–1067 

[10] J. V. Tyagi, S. P. Rai, Nuzhat Qazi And M. P. Singh, “Assessment Of Discharge And Sediment Transport From Different Forest Cover Types In Lower 
Himalaya Using Soil And Water Assessment Tool (Swat)” 

[11] Jay Krishna Thakur, Sudhir Kumar Singh,Vicky And Shettigondahalli Ekanthalu, “Integrating Remote Sensing, Geographic Information Systems And Global 

Positioning System Techniques With Hydrological Modeling” Appl Water Sci (2017) 7:1595–1608 
[12] Linmei Nie, Sveinung Sægrov And Wolfgang Schilling“Gis Based Urban Runoff Modeling” Global Solutions for Urban Drainage (2002) ASCE 

[13] Manoj K. Jain,, Umesh C. Kothyari, Kittur G. Ranga Raju “A Gis Based Distributed Rainfall–Runoff Model” Journal of Hydrology 299 (2004) 107–135 


