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Abstract— Soil erosion is one of the critical problem occurs 

in india as well as some developed countries. A large area 

can prone for soil erosion, which turn, reduces productivity. 

Soil erosion estimation is very time consuming exercise. 

Methods such as the Universal Soil loss Equation (USLE) 

are widely used for the estimation of soil erosion from 

watershed. This paper deals with the estimation of soil 

erosion using USLE in a GIS environment and prioritization 

of watersheds on that basis. Vishwamitri river watershed in 

Gujarat, India is taken as the study area. Satellite images of 

IRS-P6  LISS-III have been used. Various thematic maps 

like Land use, Soil and Slope map were prepared at BISAG. 

soil erosion of each of the sub watersheds was estimated. 

The sub watershed was prioritization of watershed.  In 

present Study, all five parameters of USLE like R.K.LS, C,P 

was estimated. Calculating all five parameters of USLE, it is 

found that two sub watersheds coded as SW1 & SW2 are 

subjected to very severe condition which needs to 

controlling measures. Remaining two sub watersheds coded 

as SW3 & SW4 are subjected to Moderate condition. The 

computed Annual Soil loss of study area is 240.27 ton 

/ha/year 

Key words:  USLE , Moderate Condition, Various Thematic 

Maps. 

I. INTRODUCTION 

Soil is the top layer of the earth’s surface that is capable of 

sustaining life. Therefore, soil is very important to farmers, 

who depend on soil to provide abundant, healthy crops each 

year. One major problem in agriculture is soil erosion. Soil 

erosion is the deterioration of soil by the physical movement 

of soil particles from a given site. Wind, water, ice, animals, 

and the use of tools by man are usually the main causes of 

soil erosion. It is a natural process which usually does not 

cause any major problems. It becomes a problem when 

human activity causes it to occur much faster than under 

normal conditions. Soil is one of the most important natural 

sources on earth. 

In India a total of 1 750 000 km2 out of the total 

land area of 3 280 000 km2 is prone to soil erosion. Thus 

about 53% of the total land area of India is prone to erosion 

(Narayana & Ram Babu, 1983).Soil erosion is one of the 

biggest global environmental hazards causing severe land 

degradation. Population explosion, deforestation, 

unsustainable agricultural cultivation, and overgrazing are 

among the main factors causing soil erosion hazards (FAO, 

1990; Reusing et al., 2000).It has been estimated that about 

113.3 m ha of land is subjected to soil erosion due to water 

and about 5334 million tonnes of soil is being detached 

annually due to various reasons in India. The process of soil 

erosion involves detachment, transport and subsequent 

deposition Urbanization, deforestation leading to change in 

land use patterns is the major cause of soil erosion in recent 

times. Worldwide, farmers are losing an estimated 24 billion 

tonnes of topsoil each year.  

 

 

In developing countries erosion rates per acre are twice as 

high as the standard, partly because population pressure 

forces land to be more intensively farmed. Although soil 

erosion is a physical process, it also affects productivity and 

growth.  

Researchers have developed many predictive 

models that estimate soil loss and identify areas where 

conservation measures will have the greatest impact on 

reducing soil loss for soil erosion assessments. These 

models can be classified into three main categories as 

empirical, conceptual and physical based models. Despite 

development of a range of physical, conceptual based 

models, Universal Soil Loss Equation (USLE) and modified 

Universal soil loss equation (MUSLE) or revised Universal 

soil loss equation (RUSLE) are the most popular empirically 

based models used globally for erosion prediction and 

control and has been tested in many agricultural watersheds 

in the world.  

Remote sensing and GIS techniques have become 

valuable tools specially when assessing erosion at larger 

scales due to the amount of data needed and the greater area 

coverage. For this reason use of these techniques have been 

widely adopted and currently there are several studies that 

show the potential of remote sensing techniques integrated 

with GIS in soil erosion mapping. 

Spatial characteristics of land use, vegetative cover, 

soil, topography and precipitation of the concerned 

watershed requires a tool that can effectively manage spatial 

data. GIS can address the problem of the spatial data 

management, it has the capability of automated data 

interpretation, processing and map overlaying for solving 

complex decision making problems with Remote Sensing 

emerging as a vital tool for generating biophysical 

information necessary for the GIS operations (Huang et al., 

2003; Kumar et al., 2002). 

In the present study an attempt is made to estimate 

annual soil loss in vishwamitri river watershed by using 

Universal Soil Loss Equation (USLE) and adopting the 

integrated analysis of spatial data in GIS. Watershed is 

divided into sub watershed is priories based on estimated 

annual soil loss. 

II. OBJECTIVE OF PRESENT STUDY 

Main objective of this study is to calculate Annual soil loss 

in vishwamitri river watershed & to prioritize the sub 

watershed for management purpose which has major 

erosion. A quantitative assessment is taken place for 

Vishwamitri river watershed. 
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III. STUDY AREA 

 
Fig. 1: Location Map Of Vishwamitri River Watershed 

The study area is located between 22° 00’ and 22°45’ of 

North Latitude and 73°00’ and 73°45’ of East Longitude in 

Panchmahal, Vadodara and Bharuch districts, in Gujarat 

State. 

The climate of Vishwamitri river watershed is 

semi-arid and sub-tropical having a temperature range of 

21° to 41°C in summer and 7° to 29°C in winter. Most of 

rainfall is received during the mid-June to early October. 

The annual rainfall varies from 850 to 1000 mm out of 

which about 80% occurs during Southwest monsoon season. 

The watershed has dendrite drainage pattern.  

The total geographical area of the watershed is 

1185 km
2
. The topography of the area is generally flat to 

gently sloping, with the elevation ranges from 829 m to 13 

m above mean sea level. 

The SOI toposheets of 1:50,000 (46F/3, 46F/4, 

46F/6, 46F/7, 46F/8, 46F/10, 46F/11 & 46F/12) and 

1:250,000 scales were obtained. In which contours were 

given at 20 m intervals . 

IV. SATELLITE DATA USED 

Satellite image of IRS P6 of sensor LISS III (acquire on 8
th

 

January, 2013) were used. 

V. UNIVERSAL SOIL LOSS EQUATION 

The Universal Soil Loss Equation (USLE) an empirical 

model for predicting the annual soil loss caused by rainfall 

was developed by Wischmeier and Smith (1965). The 

Universal Soil Loss Equation (USLE) widely applied at 

watershed scale to predicts the long-term average annual 

rate of erosion on a field slope based on rainfall pattern, soil 

type, topography, crop system and management practices 

(Williams and Berndt,1972,1977). 

The universal Soil Loss Equation is defined as,  

 A=R*K*LS*C*P    (1) 

Where, 

A= Annual computed Soil Loss (ton/ha/year) 

R=Rainfall Erosivity factor 

K=Soil Erodibility factor 

LS= Slope-length factor 

C= Crop management factor 

P= Supporting Practice management factor 

VI. METHODOLOGY 

A methodology of soil erosion calculation using USLE is 

described below. 

 
Fig. 2: Methodology Of USLE Calculation 

In present study, calculation of Soil Erosion using 

USLE based on Sub watershed level. Vishwamitri river 

watershed has four sub watersheds given below in Figure 3. 

 
Fig. 3: Sub Watershed Map 

VII. COMPUTATION OF ALL FACTORS 

A. Computation of Rainfall Erosivity factor (R-factor) 

Soil erosion is closely related to rainfall through the 

combined effect of detachment by raindrops striking the soil 

surface and by the runoff. According to USLE method, soil 

loss from the cultivated field is directly proportional to a 

rain storm parameter, if other factors remain constant. Rain-

erosivity (R) is calculated as a product of storm kinetic 

energy (E) and the maximum 30 minutes rain fall intensity. 

This relationship helps to quantify the impact of rain drop 

over a piece of land and the rate of runoff associated with 

the rain. But In present area that kind of detailed 

meteorological data is not available for all the stations in the 

study area. The R factor was determined using formula 

given below (Chaudhry and Nayak, 2003). 

Ra=79+0.363*Xa                  (2) 

Where, 

Ra = Annual R factor, 

Xa= Average Annual Rainfall in mm. 

In present study, Rainfall data for 5 rainguage stations have 

available for estimating the R factor, such as Halol, Wadala 

Tank, Vadodara, Waghodia, Pilol. All five rainguage 

stations are situated within the watershed boundary. The 

average annual rainfall erosivity (Ra) was calculated using 
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rainfall data of above rainguage stations for the years (1990-

2013). 

Station Name      Rainfall in mm  R-factor  

         (Ra=79+0.363*Xa) 

Halol  1062.55   464.71 

Wadala Tank 677.18   324.82 

Vadodara 1020.48   449.43 

Waghodia 867.70   393.97 

Pilol  869.28   394.55 

Table 1: Average Annual Rainfall 

In present study R factor is used by Sub watershed 

approach. As Vishwamitri river watershed has 4 sub 

watersheds. So the calculated value for sub watershed is 

given below in table 2. 

Sr.No 
Sub 

Watershed 
Rainguage Stations 

Calculated R-

Factor 

1 SW1 
Halol, Wadala 

Tank 
627.12 

2 SW2 
Halol, Wadala 

Tank, Waghodia 
920.85 

3 SW3 
Waghodia, 

Vadodara, Pilol 
974.92 

4 SW4 Vadodara 449.43 

Table 2 : Calculated R- Factor 

B. Soil Erodibility factor (K-factor) 

Soil Erodibility factor represents the soil susceptibility to 

detachment and transport of soil particles under an amount 

of runoff for specific rainfall. The K factor is rated mainly 

scale from 0 to 1, where 0 is for least susceptibility soil for 

erosion and 1 is for High susceptibility soil for erosion by 

water. 

In the Vishwamitri river watershed consist of soil 

texture classes namely 1) Course loamy 2) Fine 3) Fine 

loamy. From above texture of classes, organic matter 

content normally varies from (1.5 to 2.6 %). Based upon this 

study, organic matter content for vishwamitri river 

watershed is considered 2%. 

K values for different soil textures have defined by 

the stewert et.al (1975) which is given below in table .3. 

 
Table 3: K-Factor For Different Textures (Stewert Et.Al, 

1975) 

Based upon different texture classes average value 

of K- factor is calculated for different sub watersheds. 

Sr.no Sub watershed Code K-factor 

1 SW1 0.26 

2 SW2 0.25 

3 SW3 0.28 

4 SW4 0.26 

Table 4: Avg. value of K-factor 

C. Slope length & steepness factor (LS-factor) 

The slope length and slope steepness can be used in a single 

index, which expresses the ratio of soil loss as defined by 

Wischmeier (1978). 

LS = (X/22.1) 
m
 (0.065 + 0.045 S + 0.0065 S) 

2          
(3) 

Where, 

X = slope length (m or km);  

S = slope gradient (%). 

Slope value was derived from Digital Elevation 

Model (DEM) of vishwamitri river watershed. The values of 

X and S were derived from DEM.  

To calculate the slope length (X) value, Flow 
Accumulation was derived from the DEM after conducting 

Fill and Flow Direction processes by using Arc Hydro tool 

in ArcGIS 9.3. 

Slope Length(X) = (Flow accumulation * Cell value)   (4) 

By substituting X value, LS equation will be: 

LS = (Flow accumulation * Cell value /22.1) 
m
 (0.065 + 

0.045 S + 0.0065 S
2
)           (5) 

Moreover slope (%) also directly derived from the 

DEM using ArcGIS 9.3.  

The value of m varies from 0.2 –0.5 depending of 

the slope as shown in table 5 (Wischmeier and Smith1978) 

which is used for above LS calculation. The result of the 

analysis is shown in figure (4). 

Slope (%) 1< Slope 1<Slope<3 3<Slope<5 Slope>5 

m-value 0.2 0.3 0.4 0.5 

Table 5: M Value 

 Procedure for LS factor using ArcGIS 9.3 

(1) In ArcGIS 9.3 check in extension that Arc Hydro 

tool is marked or not. Mark Arc Hydro tool is used 

for lculation of LS factor.  

(2) Click on Terrain Preprocessing then click on DEM 

manipulation click on Fill sinks. It will fill 

automatically. After fill successfully a new map is 

generated. 

(3) Again click on Terrain Preprocessing then click on 

Flow Direction. It will automatically give flow 

direction and a new map is generated. 

(4) Again click on Terrain Preprocessing then click on 

Flow Accumulation. It will accumulate flow and a 

new map is generated. 

(5) Now, Slope map is created using DEM. 

(6) Calculate Using Raster calculator plot the below 

equation 

LS=(("Fac"*25/22.1)^0.2)*(0.065+0.045*"Slope"+0.0065*(

"Slope"*"Slope")) 
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Fig. 3: Procedure for LS Factor Calculation 

After following above procedure to calculate LS 

factor using Arc Hydro tool in ArcGIS the final result shows 

the value of LS factor in given Table 6. 

Sr.no Sub watershed Code LS factor 

1 SW1 3.43 

2 SW2 3.41 

3 SW3 0.12 

4 SW4 0.29 

Table 6: Calculated LS Factor Values 

D. Crop management factor (C-factor) 

The crop management factor is used to reflect the effect of 

cropping and management purpose on erosion rates. It 

represents the ratio of soil loss under a given crop to that of 

the Base soil (Morgan, 1994).It is considered the second 

major factor (after topography) controlling soil erosion. An 

increase in cover factor indicates a decrease in exposed soil, 

and thus an increase potential soil loss. The C factor is 

calculated depending upon different land use types as per 

below Table 7 (Wischmeier and Smith 1978). 

Land use Sub Land use C-factor 

Agriculture 

Current Fallow 0.6 

Kharif + Rabi (Double cropped) 0.6 

Kharif Crop 0.5 

Plantations 0.5 

Buit up 

Commercial 0.2 

Industrial 0.2 

Towns/cities (Urban) 0.2 

Villages (Rural) 0.2 

Forest Scrub Forest 0.02 

Others 
Prosophis 0.15 

Quarry 0.15 

Waste land 
Land with Scrub 0.95 

Land without Scrub 0.8 

Water bodies 

Canal 0 

Lakes / Ponds 0 

Reservoirs 0 

River 0 

Table 7:  C- Factor Values For Different Land Use/ Land 

Cover 

In present study, for vishwamitri river watershed C 

factor is calculated depending upon different land use types. 

Each land use/ land cover has a value varies from 0 to 0.95 

as per below in Table 8. 

Sr.no Sub watershed code C-factor 

1 SW1 0.30 

2 SW2 0.31 

3 SW3 0.34 

4 SW4 0.31 

Table 8: Average Values of C- factor 

E. Conservation Practice factor (P-factor) 

In USLE, conservation practice factor (P) expresses the 

effect of conservation practices that reduce the amount and 

rate of runoff, which reduces soil erosion.  

It is the ratio of soil loss with a support practice on 

croplands to the corresponding loss with up & down slope 

(Renard et.al., 1997). It includes different types of 

agricultural management practices such as: Strip cropping, 

Contour farming, and terracing etc. 

Sr.no Slope percentage (%) P factor 

1 0 - 1 % 0.6 

2 1 - 3 % 0.6 

3 3 - 5 % 0.5 

4 5 - 10 % 0.5 

5 10 - 15 % 0.7 

6 15 - 35 % 1 

Table 9: Conservation Practice (P) Factor on Different Slope 
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In present study, P factor is derived from land use/ 

land cover types. Each value of P was assigned to each land 

use/land cover type and slope. The value of P –factor ranges 

from 0 to 1, in which highest value is assigned to areas with 

no conservation practices (deciduous forest); the minimum 

values corresponds to plantation and built up land area with 

strip and contour cropping. The lower the P value, the more 

effective the conservation practices.  In vishwamitri river 

sub watershed slope percentage (%) is varies up to 35 % 

from different land use/ land cover. As value of P factor was 

calculated for each sub watershed. Table 10 will give 

average P factor value for each sub watershed. 

Sr.no Sub watershed code P-factor 

1 SW1 0.58 

2 SW2 0.58 

3 SW3 0.60 

4 SW4 0.60 

Table 10: Average Conservation Practice Factor (P) Factor 

F. Soil Erosion Calculation 

In this study, A Quantitative assessment of vishwamitri river 

watershed is taken place using USLE. All five parameters of 

Universal Soil Loss Equation (USLE) is calculated for each 

four sub watershed. After calculation of all five parameters, 

annual soil erosion of vishwamitri river watershed is 240.27 

ton /ha/year. 

SW 

Co

de 

R K LS C P 
Annual Soil 

Erosion 

SW

1 

627.

12 

0.2

6 
3.43 0.3 0.58 97.31 

SW

2 

920.

85 

0.2

5 
3.14 0.31 0.58 129.97 

SW

3 

974.

92 

0.2

8 
0.12 0.34 0.6 6.68 

SW

4 

449.

43 

0.2

6 
0.29 0.31 0.6 6.30 

   

Total Annual Soil 

Erosion 
240.27 

Table 11: Soil Erosion Calculation 

In present study, calculated annual soil erosion is 

derived in different class group given by Rambabu & 

Narayan category for erosion by water in India given in 

Table 12.  

Sr.no 

Sub 

watershed 

Code 

Annual Soil 

Erosion 

Class 

group 
Priority 

1 SW1 97.31 
Very 

Severe 
2 

2 SW2 129.97 
Very 

Severe 
1 

3 SW3 6.68 Moderate 3 

4 SW4 6.30 Moderate 4 

Table 12: Different Classes of Soil Erosion by Water in 

India 

Sr.no 
Soil erosion class 

group 

Soil erosion range    

(ton/ha/year) 

1 Slight 0-5 

2 Moderate 5-10 

3 High 10-20 

4 Very High 20-40 

5 Severe 40-80 

6 Very Severe >80 

Table 13: Classes of Soil Erosion & Prioritization of 

Watershed 

 Procedure for using USLE 

(1) Determine the R factor using available Rainguage 

station data which covers watershed (Table 2).  

(2) Based on the soil texture, determine the K value 

(Table 4). If there is more than one soil type in a 

field is present and the soil textures are not very 

different, use the soil type that represents the 

majority of the field. 

(3) Divide the field into sections of uniform slope 

gradient and length. Assign an LS value to each 

section using Arc Hydro tool in ArcGIS interface 

(Table 6). 

(4) Choose the crop type factor and tillage method 

factor for the crop to be grown. Multiply these two 

factors together to obtain the C factor (Table 8). 

(5) Select the P factor based on the support practice 

used (Table 10). 

(6) Multiply above all 5 factors to calculate Annual 

soil erosion (Ton/ha/year) (Table 11). 

VIII. CONCLUSION 

The study of soil erosion from Vishwamitri River 

Watershed has been carried out using Universal Soil Loss 

Equation (USLE). After having calculated the five 

parameters of USLE for the all four sub watersheds of 

VRW, it is found that two sub watersheds coded as SW1 & 

SW2 are subjected to very severe conditions of erosion and 

needs some watershed treatment to control the high rate of 

erosion.  The other two sub watersheds coded as SW3 & 

SW4 are subjected to moderate conditions of erosion. The 

annual computed soil loss from the whole Vishwamitri 

River Watershed is 240.27 ton /ha/year. 
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