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ABSTRACT 

Soil erosion is one of the most common land degradation problem in the 

worldwide, which is associated due to various hydrological factors like wind, 

water etc. Its very essential to assessment and mapping of erosion prone area for 

management of watershed and soil conservation. Several models have been 

developed to estimate soil erosion and compute the amount of sediment yield 

due to erosion. USLE (Universal soil loss equation) is most commonly 

empirical model used to calculate average annual soil loss. In present study 

RUSLE (Revised universal soil loss equation) is used to determine soil erosion 

on dudhawa reservoir catchment. This model is integrated with GIS (geographic 

information system) to determine various parameters involve in this model. The 

quantitative soil loss (t/ha/yr) ranges were estimated and classified the 

catchment into different level of severity classes. 
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INTRODUCTION  

Soil erosion is a complex dynamic process which involves detachment, transport and 

subsequently deposition  (S. K. Jain, 2001). It is a naturally occurring process and 

erodes top soil by the natural physical forces of water wind or through forces 
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associated with farming activities such as tillage. Soil erosion is a slow process that 

continues relatively unnoticed, or it may occur at an alarming rate causing serious loss 

of topsoil. The loss of soil from agricultural land can lead to reduction in crop 

production potential, damaged drainage networks and lower surface water quality 

(Bikram Prasad, 2014). Accelerated erosion due to human-induced environmental 

alterations at a global scale is causing reservoir sedimentation, river morphology 

changes and river bed siltation [turner]. In India it has been estimated that about 5334 

m-tonne of soil is being detached annually due to various reasons and about 113.3 m 

ha of land is subjected to soil erosion due to water [5] (Jain M.K., 2010), (Narayana 

V. V., 1983). Soil erosion depends on various factors which are climate, topography, 

soil characteristics and vegetation. Several models have been developed to estimate 

erosion risk, in that most commonly used model is USLE.  The Universal Soil Loss 

Equation (USLE) was first developed in the 1960s by Wischmeier and Smith of the 

United States Department of Agriculture as a field scale model (Wischmeier, 1965). It 

was later revised in 1997 in an effort to better estimate the values of the various 

parameters in the USLE and developed RUSLE (Revised universal soil loss equation) 

(Renard. K. G., 1997). The RUSLE incorporates improvements in the factors based 

on new and better data but keeps the basis of the USLE equation. In this study, 

RUSLE model is used to estimate soil loss from Dudhawa reservoir catchment at 

Dhamtari district of Chhattisgarh. All factors maps of model are generated in GIS 

environment. RUSLE model is to be integrated with GIS to determine all the 

parameters of model.  

 

STUDY AREA 

In this study, Dudhawa reservoir catchment situated in Dhamtari district of 

Chhattisgarh is considered. The Dudhawa reservoir is situated at 81ᵒ45’21”E 

longitude and 20ᵒ1’81”N latitude across Mahanadi River near Dudhawa village about 

21 Km west of Sihawa near the origin of Mahanadi River and 29 Km east of Kanker. 

Over Mahanadi, a dam was planned to be constructed near village Dudhawa for better 

water management and control over the water of Mahanadi in monsoon season. 

The construction of the dam was started in year of 1954 and completed in 1964. The 

total catchment area of reservoir is about 625.27 sq. Km. and gross command area is 

566.80 sq. Km. The maximum height of this earthen dam is 24.53 m and length is 

2,906.43m. Two subsidiary bunds of the dam have heights of 6.61 m and 2.83 m and 

lengths 568.42 m and 426.70 m, respectively. The full reservoir level and maximum 

supply level of reservoir re 425.10 m and 427.54 m, respectively. The water spread 

area at full reservoir level is 4487 Ha. And at maximum water level is 5663 Ha 

(Pushpendra K. Agarwal, 2007). The Location map of study area is shown in Figure 

1. 
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Figure 1. Location map of study area 

 

MATERIAL AND METHODS 

Researchers have developed many predictive models. The accuracy of estimating 

erosion risk depends on prediction model and its factor. Numbers of studies have been 

made to estimate soil loss and quantify amount of sediment yield. Anamika shalini 

tirkey et al. (2013) estimated Average Annual Soil Loss in Daltonganj Watershed of 

Jharkhand (India) using satellite data, GIS and RUSLE. The results showed that the 

Dalton watershed has an average annual soil loss upto 69 tons ha-1 yr-1. The 

maximum area contributing to soil erosion was from agriculture lands where the slope 

is less than 5˚ and having soil loss upto 10 tons ha-1 yr-1 however the maximum rate 

of soil erosion was observed near the upper catchment near the 6th order river channel 

and over the hilly region with annual average soil erosion between 26 and 30 tons ha-

1 yr-1. P. P. Dabral et al. (2008) assess the soil erosion in hilly catchment of North 

Eastern India using USLE, GIS and ERDAS IMAGINE software. Singh et al. (2002) 

carried out study on Prioritization of Bata river basin using Remote Sensing & GIS 

Techniques. Assessment of soil erosion & analysis of soil loss based on sub-

watershed within a watershed is required for evolving appropriate conservation 

practices. Soil erosion assessment in this study has been done using Morgan et al. 

(1984) model. IIRS carried out erosion model in mountainous terrain, the study was 

carried out in Sitla-rao watershed (4943 ha) in Doon valley of Uttaranchal state, India. 

In this study several conceptual and empirical model used to determine erosion risk. 

Spatial soil erosion risk modelling based on MMF (Morgan, Morgan & Finney) 

model, Hierarchical approaches and ACED (assessment of current erosion damage) 

methodology applied. M. K. Jain et al. (2010) used USLE model to estimate the area 

which is vulnerable to soil erosion and deposition in Himalaya watershed. Using 
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different year of rainfall data, the thematic map has been generated and amount of 

sediment transport at the outlet of the watershed quantified. 

 

In this study RUSLE (Revised universal soil loss equation) model is used to estimate 

soil loss from catchment. RUSLE model was developed as an equation representing 

main factors affecting soil erosion, namely climate, soil characteristics, topography, 

land cover characteristics (Wischmeier, 1965). The equation is expressed as : 

 

𝐴 = 𝑅 ∗ 𝐾 ∗ (𝐿𝑆) ∗ 𝐶 ∗ 𝑃 

 

Where, 

A = computed annual soil loss per unit area [ton·ha−1·year−1]. 

R = runoff erosivity factor (rainfall and snowmelt) in [MJ mm·ha−1·hr−1·year−1]. 

K = soil erodibility factor (soil loss per erosion index unit for a specified soil 

measured on a standard plot, 22.1 m long, with uniform 9% (5.16˚) slope, in 

continuous tilled fallow) [ton·ha·hr·ha−1·MJ−1·mm−1]. 

L = slope length factor (ratio of soil loss from the field slope length to soil loss from 

standard 22.1 m slope under identical conditions) (dimensionless). 

S = slope steepness factor (ratio of soil loss from the field slope to that from the 

standard slope under identical conditions) (dimensionless). 

C = cover-management factor (ratio of soil loss from a specified area with specified 

cover and management to that from the same area in tilled continuous fallow) 

(dimensionless) (Renard. K. G., 1997). 

P = support practice factor (It is measured as the ratio of soil loss with a specific 

support practice to the corresponding loss with ploughing up and down slope ratio of 

soil loss with a specific support practice to the corresponding loss with ploughing up 

and down slope) (dimensionless) (Renard. K. G., 1997). 

The details of above mentioned factors and their effects on soil erosion processes are 

discussed below and the methodology flowchart is shown in Figure 2. 
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Figure 2. Methodology flow chart 

 

3.1 Rainfall erosivity factor, (R factor) 

The rainfall runoff erosivity factor quantifies amount and rate of runoff likely to be 

associated with precipitation events (Y. Xu, 2008). For the determination of R factor, 

rainfall data is collected for 12 years. After data collection, R factor was determined 

for all selected rainfall gauge stations using the equations listed below. Then, the 

average R factor for each rainfall gauge station was inserted into Arc GIS. All the data 

points were interpolated spatially using Inverse Distance Weighted (IDW) found in 

the Arc GIS Spatial Analyst tool to IDW. The erosivity factor R is often determined 

from rainfall intensity if such data are available. In majority of cases rainfall intensity 

data are very rare; consequently attempts have been made to determine erosivity from 

seasonal rainfall data. In study area R is determined using seasonal rainfall data. 

  𝑅𝑠 = 50 + (0.389 × 𝑋𝑠) 

 

Where, 

Rs = seasonal erosivity index, and Xs = seasonal rainfall (mm). 

 

3.2 Soil erodibility factor, (K factor) 

K Factor depends upon organic matter, Soil texture and soil structure. The soil map 

for study area obtained from Chhattisgarh council of science and technology, Raipur. 

Soil erodibility factor represents both susceptibility of soil to erosion and rate of 

runoff, as measured under the standard unit plot condition. The value of this factor is 
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affected by infiltration capacity and structural stability of the soil. So the K values run 

from 1.0 to 0.01 with highest values for soils with high content of silt or very fine 

sand. 

By computing the percentage of sand, silt and very fine sand particles, K factor value 

determined from standard plot. Organic matter content and permeability value for soil 

texture, which is available in study area, is taken from literature (P. Mhangara, 2012), 

(Yahya Farhan, 2013). 

 

3.3 Topographic factor, (LS factor) 

Topographic Factor is the combination of Length factor & Steepness factor. The 

influence of terrain on erosion is represented by Length slope factor which reflects the 

fact that erosion increases with slope angle & slope length. RUSLE consider the 

automated method to generate slope length factor.   DEM is used to calculate LS 

Factor. DEM of 90m resolution is downloaded from ASTER DEM website. DEM of 

study area is shown in Figure 3. Slopes of DEM in percentage were also generated 

using surface analysis under the spatial analyst function. The equation used to 

compute LS factor by DEM expressed as (Moore, 1986): 

LS = ([flow accumulation] ×
cell size

22.13
)

0.6

× |[Slope]  ×
0.01745

0.0896
|
1.3

× 1.4 

 

 

Figure 3 DEM, Drainage and Land use of Dudhawa Catchment 

 

3.4  Cover management factor (C factor) 

The cover management factor C is possibly the most important of the RUSLE factors 

because it represents the most readily managed condition for reducing erosion. It is 

the ratio of soil loss from an area with specified cover and management to soil from 

an identical area in tilled continuous fallow. Land use land cover map is obtained 
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from Chhattisgarh council of science & Technology, Raipur, used to prepare C factor 

map. The values of C-factor were assigned to the different land use land cover classes 

in the study area keeping reference of the earlier studies (Jain M.K., 2010), (S. K. 

Jain, 2001). 

The LULC map is reclassify into six land use classes such as Agricultural Land, Built 

up, Tree clad Area, forest land, waste land and water Bodies. C factor values are 

assigned to each individual grid of catchment. 

 

3.5 Support practice factor (P factor) 

The P-factor map was also prepared using the landuse landcover map of the 

watershed and the values of P-factor were assigned to the different features based on 

the soil conservation practice. In present study no major conservation practice are 

followed and agriculture land limited to paddy growing area only. The value 0.28 and 

1 as used in earlier studies (G. Singh C. V., 1990), (Rao, 1981) were assigned to 

agriculture field and non-paddy field respectively to P factor map, which was 

prepared with the help of the land use and land cover map of the study area. 

In order to evaluate, quantify and generate the map of soil erosion risk and severity of 

catchment, various generated factors map of RUSLE model is overlay within the 

raster calculator tool in ArcGIS. The R factor values vary from 464.65 to 515.34 

MJ.mm ha-1 h-1. The K value in the study area varies from 0.14 to 0.33. DEM of the 

study area has altitude from 352 m to 823m. The combined spatial distribution of LS 

factor is derived using the DEM of the study area. LS factor values in the study area 

vary from 0 to 59.34 and the C value in the study area varies from 0 to 0.4. Support 

practice factor P value is observed between 0.28 to 1. After multiplying all factors 

maps in raster calculator, the final RUSLE map displays the average annual soil 

erosion potential (A) of the catchment. 

 

RESULTS AND DISCUSSION 

R factor value obtained from proposed methodology is given in Table 1 and generated 

rainfall erosivity factor map is shown in Figure 4. In the study area two major types of 

soils are found namely clay loam, and sandy loam. Soil has moderate K factor value, 

about 0.33 to 0.14 therefore soil particles are moderately susceptible to detachment 

and they produce moderate runoff. K factor value obtained from proposed 

methodology is given in Table 1 and generated soil erodibility factor map is shown in 

Figure 4. LS factor map generate based on equation stated above. Topography map of 

study area is shown in Figure 4. The total Geographical area of Dudhawa catchment is 

704.24 Km2 out of which agriculture occupies about 43.61% of total area. 1.5% by 

built up area, 0.02% by waste land, 49.58% by forest area and 0.027% by tree-clad, 

5.27% area occupies by water bodies. C factor and P factor value for different land 
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use are shown in Table 1. Figure 4 are shown cover management factor map and 

support practice factor map. All factors are multiplying in rater calculator to generate 

final erosion map of catchment area is shown in Figure 4. 

 

Table 1. Model parameters and their values 

Parameter S.No. Classes Value 

    

  Rainfall gauge station R factor value 

R FACTOR VALUE 1. Dudhawa (1137.59) 492.530 

2. Khajrawan kanker (1029.5) 450.480 

3. Sondur (1221.13) 525.020 

4. Murumsilli (1120.84) 486.010 

    

K FACTOR VALUE  Soil Texture K value 

1. Clay loam 0.330 

2. Sandy loam 0.140 

    

C FACTOR VALUE  Land Cover Classes C-Factor 

1. Agriculture Land 0.340 

2. Built Up 0.200 

3. Tree clad Area 0.001 

4. Forest 0.050 

5. Water Bodies 0.000 

6. Waste Land 0.400 

    

P FACTOR VALUE  Land Cover Classes P-Factor 

1. Agriculture Land 0.280 

2. Built Up 1.000 

3. Tree clad Area 1.000 

4. Forest 1.000 

5. Water Bodies 1.000 

6. Waste Land 1.000 
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The quantity of actual soil erosion calculated by RUSLE model comes out to be 

216189.16 tons/year. This value can be converted in terms of volume by dividing the 

same with the specific gravity of the sediment load, i.e.1.05 tons/m3. Thus, the soil 

erosion from the Dudhawa catchment will be 205894 m3/year. Further, the catchment 

area of the reservoir being 704.25 Sq.km, the soil erosion can be represented by a 

commonly used unit as 0.0292 Mm3/100 Sq.km./year. Soil erosion map is reclassified 

according to erosion risk classes suggested by Singh et.al (1992) for Indian conditions 

explained in Table 2. According to erosion risk classes it is observed that 6374.28 ha 

area is under slight class whereas only 168.49 ha area is under very severe class as 

explained in Table 2. 

 

 

Figure 4. Resulting maps of Dudhawa Catchment 
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Table 2. Resulting Erosion risk And Soil Loss Classifications 

EROSION RISK CLASSES SOIL LOSS CLASSIFICATION 

S.No. Soil Loss 

(ton/ha/yr) 
Class S.No. Area(ha) 

% of total 

area 
Class 

1. < 5 Slight 1. 63774.29 90.95 Slight 

2. 5 – 10 Moderate 2. 3383.88 4.83 Moderate 

3. 10 – 20 High 3. 1874.48 2.67 High 

4. 20 – 40 Very High 4. 617.80 0.88 
Very 

High 

5. 40 – 80 Severe 5. 301.89 0.43 Severe 

6. > 80 Very Sever 6. 168.49 0.25 
Very 

Sever 

 

CONCLUSION 

It is observed that the soil erosion for Dudhawa catchment is very less. In this 

catchment the erosion class is slight about 90%area.The present study has 

demonstrated that GIS and RS techniques are enabled the accurate determination of 

the spatial distribution of the RUSLE parameters. It is also simple and low-cost tools 

for modeling soil erosion, with the purpose of assessing erosion potential and risk for 

inaccessible area where ground based observation are difficult to access.  The model 

can be applied for more alternate management practices, such as effect of soil 

stabilization, contour bounding etc. 
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