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Abstract: Universal Soil Loss Equation (USLE) was developed in the U.S., based on soil erosion data collected beginning in the 

1930s by the U.S. Department of Agriculture (USDA) Soil Conservation Service. It is designed as a method to predict average 

annual soil loss. It can estimate long term annual soil loss and guide conservationists on proper cropping, management, and 

conservation practices. For the present work Dwarka River basin has been selected. As it covers different physiographic divisions, 

various topsoil regions, different climatic set up etc there is possibility of spatial variation in soil loss in the river basin. The prime 

objective of the current study is to estimate average annual soil loss based on USLE method for better watershed management 

planning. Individual layers of USLE parameter have been prepared based on relevant secondary data and these overlay analysis of 

all the layers have been done under GIS environment. Finally, soil erosion zones have been demarcated through the said overlay 

analysis and some management strategies have been put forwarded. 
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1. Introduction 

According to Ellison (1944), “Erosion is a process of detachment and transport of soil particles by erosive agents.” Water erosion 

is currently one of the main environmental problems for degrading soil and water resources. In addition, it poses a risk to food 

safety and represents a serious barrier to sustainable development (Telles et al., 2011). Studies on soil use and management in 

watersheds, especially predictive models, are fundamental to reduce erosive processes (Daniel et al., 2014). Erosion often results 

in a decrease of the soil supply functions by three ways: The removal of organic matter, the change in depth to a possible root-

barrier and the loss of structure and increased compaction (Bakker et al., 2004; Wang and Cui, 2005; Rabia, 2012; Ranya et al., 

2015). Various models have been developed to estimate soil loss of a particular region. Universal Soil Loss Equation (USLE) 

model is one of the empirical models of soil loss estimations. Dwarka River basin covers different physiographic divisions; hence, 

there is possibility of spatial variation in soil loss. 

 

2. Objective 

The prime objective of the current study is to estimate average annual soil loss based on USLE method for better watershed 

management planning. 

3. Study Area 

3.1 Location: For the present research purpose Dwarka River Basin (DRB) has been selected. Latitudinal extension of the basin 

is 23º57′43.905″ North to 24º29′27.685″ North and longitudinal extension is 87º17′39.515″East to 88º10′36.061″ East. The 

administrative status of the basin area is shown in the following table. 

 

Name of States Name of Districts Name of C. D. Blocks 

Jharkhand 

 

 
 
 
 

Pakur Maheshpur, Pakuria, Amrapara 

Godda Sundarpahari 

Dumka 
Gopikandar, Kathikund, Ramgarh, Dumka, 

Shikaripara, Ranishwar 

West Bengal Birbhum 
Murarai II, Nalhati I, Nalhati II, Rampurhat I, 

Rampurhat II, Mayureshwar I, Md. Bazar 
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Murshidabad 
Raghunathganj I, Sagardighi, Nabagram, 

Khargram, Kandi 

 

 
Figure 1: Location of the study area 
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Figure 2: Administrative divisions of the study area 

 

3.2 Physiography: Dwarka River Basin (DRB) includes three broad physiographic divisions namely, highland or plateau fringe, 

undulating plain and plain. The western part of DRB comes under plateau fringe of Chhotanagpur plateau. In covers Godda 

district, and some parts of Dumka district of Jharkhand. This segment of the river basin has average altitude of more than 180 

meters. Comparatively higher ground slope (near about 1.5 to 8degree) is also found here. Numerous rivulets and small streams 

cover this portion. In between plateau fringe and plain, an undulating plain segment lies in the DRB. It covers rest of the portion 

of Dumka and entire Pakur district of Jharkhand and some portion of Birbhum district of West Bengal. Average altitude of this 

region ranges between 60 to 180 meters. It has a ground slope of mostly 0.3 to 1.17 degree. Source of Dwarka River is situated in 

this part. The plain covers rest of Birbhum district and entire Murshidabad district of West Bengal. Here average altitude is less 

than 60meter and ground slope is also very insignificant (0.001 to 0.334 degree). Dwarka river follows its lower reach through 

this physiographic segment. 

   4. Database and Methodology 

The present work is based on secondary database collected from sources mentioned below. Monthly rainfall data for 2000-2013 

has been collected from India- WRIS webGIS official website. From the data annual average rainfall has been calculated and 

rainfall map for the study area has been prepared by interpolation method with the help of ArcGIS 10.5 software. Soil map 

prepared by FAO has been consulted to have the soil type and top soil characteristics of the study area. Slope map has been 

prepared from ASTER Digital Elevation Model. Land use and land cover map has been derived from LANDSAT image. From 

those maps individual layer of different USLE factors have been prepared with the consultation of concerned literatures in 

ArcGIS 10.5 software. Compiling all the raster layers of those factors average annual soil loss map has been obtained. 

http://www.ijcrt.org/
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5. USLE parameters 

The erosion rate at a given site is determined by the particular way in which the levels on numerous physical and management 

variables are combined at that site. The USLE is an erosion model designed to predict the long time average soil losses in runoff 

from specific field areas in specified cropping and management systems (Wischmeier, Smith 1978). Soil erosion depends on 

various natural and human factors. Accordingly, the USLE is the product of several related physical and human factors. The 

Universal Soil Loss Equation is 

A= R*K*LS*C*P 

Where, A= Average annual soil loss per unit area (t.ha-1.y-1), R= Rainfall and Run off factor (MJ.mm.ha-1.h-1.y-1), K= Erodibility 

factor (t.ha.MJ-1.mm-1), LS= Slope length and slope steepness factor (dimensionless), C= Cover and management factor 

(dimensionless) and P= Conservation practice factor (dimensionless). 

5.1 Rainfall and Run off factor (R factor): According to USLE method, a rainfall factor used to estimate average 

annual soil loss must include the cumulative effects of the many moderate-sized storms, as well as the effects of the occasional 

severe ones (Wischmeier, Smith 1978). The numerical value used for R in the soil loss equation must quantify the raindrop 

impact effect and must also provide relative information on the amount and rate of runoff as resultant of the rain. But till now that 

kind of detailed meteorological data is not available for the study area. Instead the following formula has been used for 

determining R factor in Indian context (Sing et al, 1981; Ghosh et al, 2013) 

R=79+0.363*P 

Where, R= R factor, P= mean annual rainfall. Higher value of R factor represents more chances of soil loss through rainfall and 

run off and vice-versa. 

5.2 Erodibility factor (K factor): The soil erodibility factor represents susceptibility of soil erosion. The K factor 

depends on the texture, structure, organic matter, permeability of soil and many other factors. It is a measure of the total effect of 

a particular combination of soil properties (Brema and Hauzinger, 2016). For the present study following formula (William, 1995) 

has been used- 

KUSLE=fcsand*fcl-si*forgc*fhisand 

Where fcsand is a factor that lowers the K indicator in soils with high coarse-sand content and higher for soils with little sand; fcl-si 

gives low soil erodibility factors for soils with high clay-to-silt ratios; forgc reduces K values in soils with high organic carbon 

content, while fhisand lowers K values for soils with extremely high sand content. 

fcsand=0.2+0.3*exp[-0.256ms(1-msilt/100)] 

fcl-si=(msilt/ mc+msilt)
0.3 

forgc=1-[0.0256*orgC/orgC+exp(3.72-2.95*orgC)] 

fhisand=1- [0.7(1-ms/100)/{ (1-ms/100)+exp(-5.51+22.9(1-ms/100))}] 

Where ms is the sand fraction content (0.05-2.00 mm diameter) in percentage; msilt is the silt fraction content (0.002-0.05 mm 

diameter) in percentage; mc is the clay fraction content (<0.002 mm diameter) in percentage; orgC is the organic carbon content in 

percentage. 

 

5.3 Slope length and slope steepness factor (LS factor): It expresses the cumulative effects of slope length (L) and 

slope steepness (S). The longer the slope length, the greater will be the amount of runoff and the steeper the slope of the land, the 

higher will be the velocity of the runoff which leads to erosion. 

5.4 Cover and management factor (C factor): Soil erosion decreases exponentially with increase in vegetation cover 

(Shit et al, 2013, 2015). The C factor indicates how conservation plans will affect the average annual soil loss and how that soil 

loss potential will be distributed in time during construction activities, crop rotations or other management schemes (Rahaman et 

al, 2015, Van der Knijff J M et al. 2000). Plant cover reduces soil erosion by intercepting raindrops, enhancing, infiltration, 

slowing down the movement of runoff (Shit et al, 2015). Land cover effective for reducing soil erosion has low C factor value. 

http://www.ijcrt.org/
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5.5 Conservation practice factor (P factor): It is the support practice factor. It reflects the effects of practices that will 

reduce the amount and rate of the water runoff and thus reduce the amount of erosion (Rahaman et al, 2015). There are three 

major practices, namely, contouring, strip cropping and terracing (Wischmeier and Smith, 1978). Based on the land slope each 

combination has different P factor values. 

6. Result and discussion 

 6.1 R factor: India WRIS webGIS provided the grid wise monthly rainfall data. With the help the data rainfall erosivity 

in the study area is interpolated. IDW interpolation method was selected because the influence of rainfall is most significant at the 

measured point and decreases as distance increases away from the point. 

Clearly three distinct zones of R factor can be noticed (fig. 3). The value of Rainfall erosivity index decreases eastward 

in the study area. 

 6.2 K factor: After Food and Agricultural organisation (FAO) five type of soil is found in the area under study, namely, 

Orthic Luvisol (Lo), Eutric Nitrosol (Ne), Chromic Cambisol (Bc), Ferric Luvisol (Lf) and Calcaric Gleysol (Gc). The percentage 

of sand, clay, silt and organic carbon that are used in calculating K factor are given below. 

 

Soil Type Sand (%) Silt (%) Clay (%) Organic Carbon (%) K Factor 

Orthic Luvisol 76 9.9 14.1 0.41 0.132221 

Eutric Nitosol 68.4 10.5 21.2 0.6 0.137944 

Chromic Cambisol 40.1 21.5 38.4 1.44 0.144454 

Ferric Luvisol 32.9 9.6 15.9 0.39 0.132647 

Calcaric Gleysol 74.6 23.7 43.4 2.02 0.143149 

 

All the fractions of soil are represented to the top soil cover of the watershed because it is affected directly by raindrop energy. 

Here, highest K factor value is 0.144454 which is associated with Chromical Cambisol and lowest value of 0.132221 is associated 

with Orthic Luvisol (fig. 4). 

6.3 LS factor: It is a function of slope length and slope steepness. Based on local or micro physiographic variation the 

river basin has different LS factor value scattered in places (fig. 5). Highest values are found in upper DRB moderate to low 

values are found in middle and lower part of the basin. 

 6.4 C factor: High C factor values indicate more vulnerability to soil erosion because those are considered to be 

unprotected land. In the present study, C values are assigned to different LULC classes (fig. 6) as per concerned literature survey. 

 

Type of LULC C value 

Dense forest 0.02 

Open/Degraded forest 0.04 

Grassland 0.13 

Monocrop 0.06 

Double/Triple crop 0.09 

Waterbodies 0 

Fallow and Wastelnd 1.0 

Builtup area 0.002 

 

6.5 P factor: P values range from 0 to 1, whereby the value 0 represents a very good manmade erosion resistance facility 

and the value 1 no manmade resistance erosion facility (Sheikh et al, 2011). In the present study p factor for the whole area has 

been assumed as 1 because any control practice measures could not be identified. 

http://www.ijcrt.org/
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Figure 3: Distribution of Rainfall and Run off factor 

 

 
Figure 4: Distribution of Erodibility factor 
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Figure 5: Slope length and slope steepness factor 

 

 
Figure 6: Cover and management factor 

 

6.6 Average Annual Soil Loss prediction: All the previous layers are combined to have a composite layer (fig. 7). 

From the composite layer we can predict the annual average soil loss of the river basin. The area has a soil loss range of 190 t.h-

1y-1, the lowest and highest value being 2 t.h-1y-1 and 192 t.h-1y-1 respectively. Surprisingly, the upper DRB has higher undulation 

and slope but the highest soil loss prone zone lies in the middle DRB, where slope is not so vivid. The main reason behind this is 

the land use land cover factor. The upper reach of the study area is under dense and open forest which can resist the splash impact 

better than the middle reach where the land is utilised mainly for double and triple cropping. On an average, as a function of 

different controlling factors the lower DRB is low to moderate soil erosion prone, the middle DRB is low to very high soil erosion 

prone and the upper DRB is high erosion prone. Here is a general account of the nature of predicted annual average soil erosion of 

the area- 
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Soil erosion 

zone 

Predicted Soil erosion 

value (t.h-1y-1) 

Name of Blocks 

Low < 14 Sundarpahari, Gopikandar (partial), Maheshpur, Pakuria (partial), 

Shikaripara (partial), Muraraui II, Nalhati I and II (partial), Md. 

Bazar (partial), Raghunathganj I, Sagardighi, Nabagram, 

Khargram(partial), Kandi 

Moderate 14-32 Gopikandar (partial), Pakuria (partial), Kathikund (partial), Dumka 

(partial), Ranishwar (partial), Shikaripara (partial), Nalhati I and II 

(partial), Md Bazar (partial), Rampurhat I (partial), Rampurhat II, 

Mayureswar I (partial) 

High 32-64 Amrapara, Dumka (partial), Kathikund (partial), Ranishwar (partial), 

Shikaripara (partial), Mayureswar I (partial), Md. Bazar (partial), 

Kathikund, Ramgarh 

Very High >64 Gopikandar (partial), Kathikund (partial), Shikaripara (partial), 

Maheshpur (partial), Pakuria (partial), Nalhati I (partial), Rampurhat 

I (partial), Md Bazar (partial) 

 

 
Figure 7: Estimated Soil Loss map using Universal Soil Loss Equation Method 

 

7. Conclusion 

The main objective of the study was to predict the average annual soil erosion of the study area. A general notion can be driven 

out from the present study which will be useful in watershed management planning. It is noticed that the part of DRB in the 

Murshidabad district, West Bengal is least vulnerable to soil erosion. The basin in Birbhum district, West Bengal, has a mixture 

of soil erosion vulnerability (medium to very high), whereas Jharkhand part is low to highly vulnerable to soil erosion. Some 

management strategies are proposed below- 

 

Soil erosion 

zone 

Predicted Soil 

erosion value 

(t.h-1y-1) 

Management Strategies 

Non structural Structural 

Low <14 

Plantation of soil erosion controlling 

grasses like Veltiver in fallow and 

waste lands 

Site specific structures like 

check dam, gabions etc are to be 

placed in areas with greater 

slope. 

Whereas diversion channels, 

interception ditches etc are to be 

constructed in the low slope 

areas. 

Moderate 14-32 Mulching in the agricultural field,  

High 32-64 
Crop rotation in agricultural field, 

restoration of degraded forest 

Very High >64 
Crop rotation, Mulching, forestation, 

restoration of forest 
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Proper management strategies should be taken without disrupting the natural environment of the basin. For that, intensive ground 

field verification is needed because each segment of the basin shows different combination of physical features. 

 

 

References 

1. Bakker, MM, Govers G. and Rounsevell MDA. 2004. The crop productivity-erosion relationship: an analysis based on 

experimental work. CATENA, 57 55-76. 

2. Brema. J and Hauzinger, J. 2016. Estimation of the Soil Erosion in Cauvery Watershed (Tamil Nadu and Karnataka) 

using USLE. IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT). 10(12): 01-

11. 

3. Daniel F. de C et al. 2014. Predicting soil erosion using RUSLE and NDVI time series from TM Landsat 5. Pesq. 

agropec. bras. 49(3): .215-224. 

4. Singh, G., Rambabu VV. and Chandra, S. 1981. Soil Loss Prediction Research in India. ICAR Bullet. 12(9). Dehradun 

5. Ghosh. K, De. S  K, Bandyopadhyay. S and Saha S. 2013. Assessment of Soil Loss of the Dhalai River Basin, Tripura, 

India Using USLE. International Journal of Geosciences.  4:11-23 

6. Rabia, A. H. 2012. Mapping Soil Erosion Risk Using Rusle, Gis and Remote Sensing. The 4th International Congress of 

ECSSS, EUROSOIL 2012 ,Soil science for the benefit of mankind and environment 

7. Rahaman. S A et al. 2015. Estimation of annual average soil loss, based on rusle model in kallar watershed, bhavani 

basin, tamil nadu, india, ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences. 2(2): 

28–30 October 2015, Kuala Lumpur, Malaysia 

8. Ranya, F. A. E., Sarra, O. And Abdel R. E. 2015. Soil erosion risk map based on geographic information system and 

universal soil loss equation (case study: terengganu, Malaysia). Ind. J. Sci. Res. and Tech. 3(2):38-43 

9. Sheikh, A H., Palria, S. and  Alam, A. 2011. Integration of gis and universal soil loss equation (usle) for Soil loss 

estimation in a himalayan watershed, Recent Research in Science and Technology. 3(3): 51-57 

10. Shit, PK., Bhunia, G. and Maiti, R. 2013. Assessing the performance of check dams to control rill-gully erosion: small 

catchment scale study. Int J Curr Res. 5(4): 899–906 

11. Shit, P K. Nandi, A S. and  Bhunia, G S. 2015. Soil erosion risk mapping using RUSLE model on jhargram sub-division 

at West Bengal in India. Model. Earth Syst. Environ. 1:28 DOI 10.1007/s40808-015-0032-3 

12. Telles, T.S., Guimarães, M. de F. and Dechen, S.C.F. 2011. The costs of soil erosion. Revista Brasileira de Ciência do 

Solo. 35: 287-298 

13. Van der Knijff J M, Jones R J A, Montanarella L., 2000. Soil Erosion risk Assessment in Europe, European 

Commission, European Soil Bureau. 

14. Wang X. and Cui, P. 2012. Support Soil Conservation Practices by Identifying Critical Erosion Areas within an 

American Watershed Using the GIS-AGNPS Model. Journals of Spatial Hydrology. 5 

15. Williams, J R. 1995. The Epic Model, in V. P. Singh (ed.) Computer model of Watershed Hydrology, Water Resource 

Publications, 909-1000 

16. Wischmeier W. H. and Smith DD. 1978. Predicting rainfall-erosion losses: A guide to conservation planning. 

Agricultural Handbook No. 537. US Department of Agriculture. 

http://www.ijcrt.org/

