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Abstract: In India, water availability and usage completely depend on rainfall pattern and its distribution. Monsoon regions are 
characterized by varying seasonality of water which has strong impact on environment. In order to overcome issues related to 
water availability and its supply, there should be an assessment of water resources using standard methods. However there is no 
single approach to give concrete idea of water availability due to issues like climate change, land use characteristics and 
catchment modifications due to ongoing urbanization and industrialization. To overcome these issues, comparison of runoff 
estimation is done using GIS based software named Soil and Water Assessment Tool (SWAT) and conventional empirical 
formula for Ghataprabha sub-basin by considering total area in different scales and suitability of method is concluded. 
Keywords: Runoff, ArcSWAT, Ghataprabha sub-basin. 

I. INTRODUCTION 
The progress and prosperity of any country solely depends on its water resource availability and its effective management. In recent 
years, scarcity of water is widely observed due to increasing population, increasing urbanization and industrialization, energy use 
desertification and change in agricultural patterns. Hence water management has become the most concerned matter among the 
water resource engineers and hydrologists. To connect the natural hydrological cycle with the real time problem solutions various 
models have been developed to study various hydrological parameters. Hydrological models are widely used for flood forecasting, 
water supply, water demand analysis and water quality evaluation. These modelling approaches vary in conception and complexity. 
In monsoon regions model application is restricted by limited data availability or outdated data. Among others the recent Soil and 
Water Assessment Tool (SWAT; Arnold et al., 1998) has proven its capability to model water fluxes in regions with limited data 
availability (Ndomba et al., 2008; Stehr et al., 2008) Considering the limitations of both numerical approach and conventional 
method, in the present study an attempt is made to simulate the runoff in Ghataprabha river, a major tributary of river Krishna. The 
runoff estimation was made by using SWAT model at different scales and compared with conventional empirical formulas.  
 

II. STUDY AREA 
Ghataprabha River is one of the southern tributaries of River Krishna in its upper reaches. The catchment of the sub basin lies 
approximately between northern latitudes 150 45’ and 160 25’ and eastern longitude 740 00’ and 750 55’. April is generally the hottest 
December is generally the coldest month with the mean daily maximum and minimum temperatures being 29.30 C and 13.90 C 
respectively. The sub basin experiences only the southwest monsoon and the period is from 1st June to 31st October is the lowest. 
The relative humidity is high during the south west monsoon and low during the non-monsoon period. In summer the weather is dry 
and the humidity is low. 

III. METHODOLOGY 
The Ghataprabha catchment up to Kudalsangam has been selected and the model was applied three different stages. The first phase 
includes a catchment up to Daddi (Karnataka) with a catchment area of about 1000 sq. km has been selected. The second phase of 
the study was taken up for a catchment with an area of 2600 sq. km and in the final phase, the entire catchment up to Kudalsangam 
was considered for the modelling. The SWAT model was provided with sets of input data for three different scales as mentioned. 
The input data consisted of DEM file, LULC map, soil map and slope map of the basin. Also the runoff is estimated using following 
empirical formulas: 
Inglis formula for ghat area: 

푅 = 0.85푃 − 30.5 
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Inglis formula for non-ghat areas: 

푅 =     
(푃 − 17.8)

254  ∗ 푃 

Lacey’s formula: 

푅 =        
푃

1 + 304.8푓/푃푆 

Khosla’s formula: 

  푅 =  푃 −
푇 − 32

3.74  

    Where    R=runoff in cm 
                  P=rainfall in cm 
                  F=monsoon duration factor: 
S = a value dependent on catchment class characteristics: 
                  0.25---flat, cultivated B.C. soil(A) 
                  0.60---flat, partly cultivated soils(B) 
                  1.00---average(C) 
                  1.70---hills and plains, little cultivation (D) 
                  3.45---very hilly and steep with hardly any cultivation (E)  
T= mean temperature in 0F on the entire catchment. 

IV. RESULT AND DISCUSSION 
The SWAT model was run for 16 years data (1990-2005) drawn from SWAT India data base. Initially, the model was run on 
monthly basis. The average monthly rainfall varied between 0.01 mm during January month to a maximum of 411.2 mm in the 
month of July. ET shows variation between 7 mm to 66.7 mm. In the small basin average rainfall ranges from 0.01 mm to 411.20 
mm. Runoff ranges from 0.09 mm to 241.51 mm. In the medium sub-basin, it showed slightly reduced runoff as compared to the 
smaller sub-basin. This is quite expected as the rainfall is quite higher than the medium and larger basin. Table 1 shows the output 
(annual average) of SWAT model. 

 
Table 1. Comparison of SWAT output of Ghataprabha sub-basin with varying catchment areas 

Figure 1 shows the variation of runoff in 3 sub-basins varying in size.  It is observed that the highest runoff (47.7%) is in the smaller 
basin which is having highest rainfall. However, in the medium and larger catchments, runoff is found to be almost identical.  
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Fig.1 Comparison of estimated runoff in three sub basins 

Table 2 shows the annual variation of runoff in three catchments. It is noticed that both rainfall and runoff significantly high during 
1997 and 2005. Maximum rainfall of 2347.91 mm and the estimated runoff was 1455.56 mm during 2005. However, in the medium 
and larger basin there was no significant increase in the rainfall or runoff. This clearly indicates the role of catchment area and 
characteristics on runoff. Table 3 shows the runoff estimated by empirical methods such as Inglis, Lacey and Khosla methods for 
the Ghataprabha sub-basin up to Daddi (small basin).  The results obtained by these methods are compared with the SWAT output. 
The runoff value estimated by SWAT model varies between 31.17% and 61.99% with an average of 45.91%. According to Inglis 
formula, the surface runoff vary from 36.46% to 72% with an average runoff of 57.57%. Lacey’s methods showed variation 
between 26% and 56.7% and average is 39.92%. However, the runoff estimated by Khosla’s method deviated far off from the 
predicted runoff using SWAT. Both Inglis and Lacey’s method predicted relatively closer values as compared to Khosla’s method.  

 
Table 2. Annual variation of runoff in three catchments 
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Table 3. Estimated runoff by SWAT model and Conventional methods. 

The comparison of runoff estimated by different methods are shown in fig. 2. 

 
Fig.2. Comparison of Runoff estimated by different methods. 

 
V. CONCLUSION 

The present study has been carried out to assess the surface runoff in Ghataprabha sub-basin. It is observed that the variations in 
surface runoff are attributed to variation in rainfall, land use/land cover changes and soil characteristics. The study substantiated that 
there is a significant influence of catchment size on estimating runoff.Further, the study demonstrated the impact of land use/land 
cover changes and soil type on runoff. Conventional methods also provided quite encouraging results. This indicated that the 
development of regional based empirical formulae may be quite useful in estimation of runoff in data limited environment. Some of 
the important observations of the study are the following: 
A. Average annual runoff estimated of small basin from ArcSWAT is 604.90 mm i.e. (45.91%) of rainfall. Minimum and 

Maximum Runoff values are 247.9 mm and 1455.56 mm respectively. 
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B. Average annual Runoff for Small basin from Inglis method is 753.73 mm, it is around 57.57% of Rainfall. Minimum and 
maximum runoff values are 229.11 mm, and 1690.73 mm, respectively. Lacey’s method estimated the runoff as 529.61 mm 
(39.92%) of rainfall. Minimum and Maximum Runoff values are 163.07 mm, and 1331.29 mm, respectively. However, the 
Khosla’s method calculated very high runoff values (89.63%).  
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