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Abstract: In the current era of Anthropocene, soil erosion has emerged as a major natural 
hazard. This process has resulted into a rapid loss of fertile topsoil which has made the 
goal of agricultural sustainability a difficult one. Moreover, there is also an augmentation 
of the siltation of the rivers and dams as a result of increased sediment load in the rivers. 
This problem is very significant in a country like India where a significant proportion of 
the population is still dependent on agriculture. As the actual measurement of erosion 
is quite complex and time-consuming, the exercise of assessing the erosion risk in a 
region is mostly dependent on prediction-based models. One such model is the Revised 
Universal Soil Loss Equation (RUSLE) which gives a reasonably reliable estimate of the 
ongoing process of erosion. The present paper attempts to quantify the amount of soil 
loss occurring in the Kumari river basin of eastern India with the help of the empirical 
Revised Universal Soil Loss Equation (RUSLE) Model. It is observed that in the basin, 
several areas are associated with high soil loss (>30 ton ha–1 yr–1), especially in the 
upland regions of Ajodhya and Dalma Ranges. Also, an attempt has been made to extract 
the sub-basin and village-wise soil loss in the basin. In the Totko-Jam sub-basin and its 
encompassed villages, the situation is of concern. Therefore, such villages need to be 
prioritised in any exercise of soil conservation. This approach is expected to be effective 
in a country like India where the availability of resources is often limited.
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Introduction
The process of soil erosion is influenced 

by several factors, operating in combination 
(Wischmeier and Smith, 1978; Renard et al., 
1997; Mutua et al., 2006; Butt et al., 2010). 
In the global context, runoff is the most 
significant operating factor of soil erosion 
and degradation which is influenced by a 
host of physiographic and environmental 

determinants such as precipitation, soil 
characteristics, and slope (Dutta et al., 
2017; Oliveira et al., 2019). However, many 
anthropogenic factors viz., agricultural 
practices, deforestation, and different 
constructional activities play a significant 
role in accelerating soil loss and degradation. 
Land use landcover (LULC) distribution also 
acts in modifying the pattern of action and 
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parameter (Hoyos, 2005; Lim et al., 2005; 
Yuksel et al., 2008; Yue-Qing et al., 2009). 
Among numerous soil erosion prediction 
models found in the literature, the Universal 
Soil Loss Equation (USLE) and the Revised 
Universal Soil Loss Equation (RUSLE) are 
well-known for predicting the annual soil 
erosion rates in different catchments varying 
in areal extent (Lee, 2004; Pandey et al., 
2009; Prasannakumar et al., 2012). The 
RUSLE Model looks at five major factors 
namely rainfall (R), soil erosion (K), slope 
length and steepness (LS), crop management 
(C), and conservation practice (P) (Sheikh 
et al., 2011). These five factors contribute 
to the risk of erosion and act as both the 
physical (slope, rainfall, and pedology) and 
anthropogenic (earth, conservation processes, 
etc.) proxies (Prasannakumar et al., 2012; 
Farhan et al., 2013). At the field scale, the 
traditional RUSLE method was suitable, 
wherein, topographical maps and field-based 
techniques were employed to determine the 
conditional factors of RUSLE, but these 
methods are not applicable at the catchment 
scale. With the introduction of remote sensing 
(RS) and Geographical Information Systems 
(GIS), basins that are larger in areal extent 
could be analyzed in detail and predicted for 
annual soil losses (Lin et al., 2002; Wang et 
al., 2002; Jasrotia and Singh, 2006; Chou, 
2010; Roy et al., 2022). In this paper, the 
annual soil loss occurring in the Kumari river 
Basin has been estimated with the help of the 
empirical RUSLE Model by amalgamating 
field and RS-GIS techniques.

The study area
The Kumari river basin, a significant sub-
basin of the Kangsabati river in eastern India 
has been selected for the present study. The 
river rises from the Bagmundi Upland near 

amount of soil loss in a watershed or any other 
areal unit. The rhythmic alteration in LULC 
is accompanied by the corresponding change 
in soil characteristics and runoff (Setegn et 
al., 2010; Gebremicael et al., 2013; Kim et 
al., 2013; Buendia et al., 2016). In many 
developing countries where agriculture is 
the prime occupation of a large proportion 
of the population, soil erosion becomes a 
highly influential quasi-natural hazard and 
adequate measures of soil management are 
an emergent exercise in this domain (Kim et 
al., 2005; Lim et al., 2005).

Among the various agents, running 
water emerges as the most crucial agent 
of soil erosion. At the global scale, about 
36 billion tons of top soil is lost every 
year due to removal by water, which, in 
turn gets augmented by deforestation and 
corresponding anthropogenic alterations 
(Borrelli et al., 2017). Augmented erosion 
results into increasing the sediment load in 
the rivers and approximately 15±0.5 Giga 
tons of sediment load is reaching the oceans 
at a global scale (Zhu et al., 2021). The rates 
of potential soil erosion in about 91 % of 
the entire land area of the world range from 
<5 to 40 ton ha–1 yr–1, therefore, the primary 
task of policymakers across the world is to 
ensure adequate management of soil erosion 
(Sharda et al., 2013). The exact quantification 
of erosion is unfeasible and also unviable 
which ensures that the prediction-based 
models are particularly popular in this 
domain. A large number of soil erosion and 
sediment transport models can be observed 
in different literature in a global context 
(Lorup and Styczen, 1996). These models are 
predominantly based on index and usually 
consider multiple parameters, selections 
which may vary depending on the study area, 
data availability, and the importance of each 
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Elevation of the basin ranges from 102 m 
to 659 m ASL. The entire area of the basin 
is characterised by undulating terrain and 
scattered residual hills of granitic rock mounds 
(Das et al., 2020). Unconsolidated sediments 
of the recent age are deposited through the 
area of the river channel whereas most of the 
basin area is underlain by the Precambrian 
metamorphic rocks. The temperature ranges 
from 6°C (January) to 43°C (May) and the 
south-west monsoon brings rain to the basin 
predominantly from June to September with 
an average rainfall of 110-150 cm whereas 
the highest temperature is attained during 
May (43°C) and the lowest temperature 

Muadi Reserve Forest of the Ajodhya Hilly 
Region and flows WNE to ESE direction and 
ultimately debouches into the Kangsabati river 
at Mukutmanipur reservoir. The total area of 
the basin is 2002.62 km2 and is subdivided 
into 36 sub-basins wherein the area of the 
sub-basin ranges from below 10 km2 to above 
500 km2. The basin is located largely in the 
Purulia district of West Bengal except for a 
small part that lies in the neighboring state 
of Jharkhand, demarcated by 22°42′23′′ N 
to 23°12′36′′ N latitudes and 86°42′36′′ E to 
86°48′24′′ E longitudes. Administratively, 
the basin is divided into 14 Community 
Development Blocks that hold 942 villages. 

Figure 1. Location of the studied basin a) Location of India and the state of West Bengal in India b) Location of Kumari basin 
within West Bengal c) DEM of the Kumari basin showing the main channel.
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important parameter in the RUSLE Model. In 
addition to the amount of rainfall, different 
secondary factors such as the intensity of 
rainfall, terminal velocity, and raindrop size 
and distribution have a significant effect on 
the total erosivity of rainfall (Blanco-Canqui 
and Lal, 2008). In a particular area, the 
average storm surges often regulate the soil 
erosion potentiality (Das et al., 2018). The 
determination of the R factor depends on the 
product of the total rainfall energy (E) and the 
maximum 30 min rainfall intensity (I30) and 
its long-term average. The amount of rainfall-
induced runoff quantifies the numerical value 
of R (Wischmeier and Smith, 1978; Renard 
et al., 1997). Here it is informed that the 30 
min rainfall intensity data is not available in 
most parts of the world. Therefore, in these 
circumstances, the traditional definition of R 
factor cannot be used. Tyndall Climatic Data 
provides the monthly rainfall from the years 
1901 to 2018 (Mitchell et al., 2002). So, this 
highly accurate climatic data for the years 
2014 to 2018 have been employed for the 
extraction of R factor. For the calculation of 
the R factor in this article, amongst a variety 
of proposed equations from literature (Renard 
and Freimund, 1994; Lee and Heo, 2011), 
the Modified Fournier Index (MFI) stated 
by Arnoldus (1997) has been used which is 
represented in Eq. 2 and Eq. 3.

R = 1.735 × log10 [1.5log10(MFI) − 0.8188]	 	
	 Equation 2

MFI = 
Σ12

i = 1 pi
2

Pa 	 Equation 3

where, MFI = Modified Fournier Index, pi 
is the monthly rainfall (in mm) and Pa is the 
annual rainfall (in mm).

Soil Erodibility Factor (K)
It is a well-known fact that rainfall-

induced runoff cannot spontaneously 

in January (6°C). On the other hand, light 
textured and shallow to moderately deep and 
intense erosion-susceptible soil dominates 
the entire catchment except the Ajodhya and 
Dalma Hilly Region.

Methodology
The Revised Universal Soil Loss Equation 
is an empirical model that takes into 
consideration the terrain, climate, presence 
or absence of vegetation and anthropogenic 
interference. The RUSLE model is basically 
a modified version of the Universal Soil Loss 
Equation (USLE), originally suggested by 
Wischmeier and Smith (1978) in the United 
States Department of Agriculture (USDA) 
Handbook Number 537.

The RUSLE Model
The RUSLE model efforts to estimate the 

annual loss of topsoil from an areal unit based 
on specific conditioning factors, including 
both physical and anthropogenic. This can be 
expressed as follows (Renard et al., 1997)

A= R × K × LS × C × P	    Equation 1
where, A is the average annual soil loss in 
an areal unit (ton ha–1 yr–1), R is the average 
annual rainfall erosivity factor (MJ mm 
ha–1 h–1 yr–1), K is the soil erodibility factor 
(t h MJ–1 mm–1), LS corresponds to the 
dimensionless factor associated with slope-
length and slope-steepness, respectively, C 
is the vegetation cover factor and P is the 
conservation support practice factor. 

Rainfall Erosivity Factor (R)
Most of the water-induced erosion 

experienced in an areal unit is tremendously 
sensitive to runoff. It is a well-known fact 
that the runoff depends on the rainfall 
occurring in an areal unit and hence the 
rainfall-runoff erosivity turns out to be an 
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2) to collect the soil samples from the gridline 
intersecting points. These collected soil 
samples have been tested in the laboratory to 
obtain texture, organic matter status, and pH 
by performing the sieve and Walkley-Black 
methods, respectively. Soil reaction was also 
measured with a pH Meter. All these were 
employed in Equation 3 in order to derive the 
K factor (David, 1988).
K = (0.043 ×pH) + (0.62 ÷ OM) + (0.0082 × S) – (0.0062 × C) × Si	

	 Equation 4
where, K is soil erodibility (t h MJ–1mm–1), 
pH is the acidity/alkalinity of the soil, OM is 
Organic matter (%), S is Sand content (%), Si 
is silt content (%), C is clay ratio i.e. % Clay/ 
(% Sand + % silt)

Slope Length and Steepness Factor (LS)
Slope length (L) and slope steepness (S) 

are the most significant topographic attributes 
determining the soil susceptibility to erosion, 
and become important components as defined 
as the product of the factors of slope length (L) 
and slope steepness (S) in the RUSLE Model 

affect soil erosion because the nature and 
intensity of runoff are highly controlled by 
the behavior of the underlying soil or rock 
of the watershed, whereas runoff can be 
reduced due to the existence of underlying 
high infiltration capacity soil or rocks, 
consequently, the amount of erosion/ topsoil 
removal gets reduced. Therefore, it can be 
stated that the soil erodibility factor (K factor) 
is highly sensitive to the different physical 
and chemical pedologic properties such as 
texture, organic matter, soil reaction, etc. 
(Wischmeier and Smith, 1978; Atoma et al., 
2020). This K Factor refers to the capacity 
or the power to transport soil particles by the 
energy of rainfall-induced runoff (Haile and 
Fetene, 2012). However, the power/capacity 
of transportation is highly dependent on the 
inherent characteristics of the soil which may 
be called soil erodibility.

In this paper, a combination of field and 
laboratory-based analysis has been employed 
to extract the K factor. The entire Kumari 
basin was divided into 2 km × 2 km grids (Fig. 

Figure 2. a) Soil sample collection at Mudali village. b) Grid sampling points (with the location of the Mudali Village shown 
by a red square and arrow) for soil sample collection in the Kumari river basin..

(a)
(b)
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30m resolution SRTM DEM in ArcGIS 
environment (Eq. 5).

LS = As
22.13

0.6

 × 1.4 sin1 B
0.0894

1.3

     Equation 5

where, LS = LS Factor, As = Flow 
Accumulation Raster and B = Slope in 
radians.

Crop Management Factor (C)
C-factor is an important erosion factor 

that can be easily affected by anthropogenic 
activities to reduce erosion (McCool et al., 
1995). It is defined as the ratio of soil loss 
under certain cropping conditions to soil 
loss that occurs in bare soil (Wischmeier 
and Smith, 1978). The C-factor reflects the 
outcome of vegetal cover and its amount and 
type on the rate of annual soil loss (Uddin et 
al., 2016).

With the availability of the high-resolution 
remotely sensed database, different remote 
sensing-based techniques like LULC 
classification (Millward and Mersey, 1999), 
spectral indices (Meusburger et al., 2010; 
Puente et al., 2011; Vijith et al., 2017) etc. are 
now preferred over the traditional techniques 
as low cost, rapid and relatively appropriate 
data analysis (Durigon et al., 2014) to 
compute the C factor.

The use of spectral indices has been 
increased by many researchers to evaluate the 
fraction of vegetation and its influence on the 
C-factor values (Puente et al., 2011). These 
include the Normalised Difference Vegetation 
Index (NDVI) and other indices. The primary 
advantage of using spectral indices is that these 
indices, which are solely based on band ratios, 
negate the effect of atmosphere, moisture, and 
LULC (Meusburger et al., 2010).

Several empirical equations have been 
manifested by different researchers to relate 
vegetation index values to the C-factor value. 

of annual soil loss (Prasannakumar et al., 
2012). Normally, areas with steep slopes are 
more erosion-prone than flat or gently sloped 
areas. Similarly, longer slopes facilitate soil 
erosion, therefore, soil erosion increases 
with increasing slope lengths and vice versa. 
This indicates the sensitivity of topographic 
parameters to soil loss; therefore, appropriate 
derivation of this feature is considered a 
requirement. In general, the slope steepness 
(S Factor) is more pertinent as compared to 
the slope length (L Factor) (Wischmeier and 
Smith, 1978). Slope length (L) can be defined 
as the horizontal distance from the base of 
the overland flow to the specified point and 
the slope (S) is defined as the slope angle. 
Renard et al. (1997) defined the LS factor as 
the ratio between a given slope length and 
slope steepness (LS) to foretell the soil loss 
of an area under consideration. Although 
the LS Factor is generally calculated at the 
level of the agricultural field, this method is 
not suitable for basin and catchment scale. 
With the discovery of Digital Elevation 
Models (DEMs), this problem is minimised 
using the Flow Accumulation Routine in 
a GIS environment (Van Remortel et al., 
2001; Zhang et al., 2013). The LS Factor 
also depends on the flow accumulation, the 
flow direction and terrain character of the 
catchment area (Wischmeier and Smith, 
1978). The LS factor, based on the equations 
developed by Wischmeier and Smith (1978) 
and Moore and Burch (1986), has been 
widely used by Griffin et al., (1988), McCool 
et al. (1989) and Moore and Wilson (1992). 
According to Hrabalíková and Janecek 
(2017), the DEM-based LS factor, computed 
in a GIS environment, is usually 10-30% 
lesser than the values obtained by the manual 
method.

This study has used the equation proposed 
by Moore and Burch (1986) using the 
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classification in the ArcGIS environment. 
According to the USDA Handbook No.282 
(1981) (Table 1) the values of the P factor 
were assigned to different LULC classes 
(Wischmeier and Smith, 1978; Renard et al, 
1997). The P Value ranges from 0 to 1 and is 
based on the land use categories.

After the evaluation of all the quantitative 
parameters of RUSLE and confirmation 
that all the rasters were of the same spatial 
resolution, the annual soil loss was computed 
in the Arc GIS platform (Arc GIS 10.2.2). The 
product of all parameters of RUSLE has been 
calculated by using the Raster Calculator 
Module of the Spatial Analyst Tools in Arc 
GIS to estimate the pixel-by-pixel annual soil 
loss (ton ha–1 yr–1) in the Kumari basin.

Type Value
Dense Vegetation 0.8
Light Vegetation 0.8
Built-up Area 2.0
Agricultural Land 0.5
Waterbody 1.0
Fallow Land 0.9

Table 1. Values of P factor respected Land use/ Land cover 
type. (Source: USDA Handbook No 282).

For ascertaining the spatial variation in the 
R factor of the Kumari watershed, equation 
2 and 3 were employed. It is evident that 
the equation requires the data for monthly 
rainfall as well as annual rainfall. It has 
been stated earlier that, in this exercise, the 
rainfall data were obtained from the Tyndall 
Climatic Archive (Mitchell et al., 2002). The 
ratio between the average monthly and the 
annual rainfall gives the month-wise MFI 
which were then cumulated for all the months 
to get the annual MFI for the studied basin 
(Fig. 3a). This MFI was used in Eq. 2 to get 
the spatial variation in the R factor (Fig. 3b) 
across the study area.

These equations have widely been employed 
in many watersheds across the world (Uddin 
et al., 2016) to assess soil erosion. The 
empirical equation formulated by Van der 
Knijff et al. (2000) has been employed by 
a host of researchers to derive the RUSLE 
C-factor from NDVI in different watersheds. 

In this research, to derive the RUSLE-
based C-factor from NDVI, this empirical 
equation has been employed as follows:

C factor = Exp [−ά × NDVI ∕ (β − NDVI)]
Equation 6

where ά and β parameters determine the 
shape of the NDVI curve.

The equation for the calculation of NDVI 
is as follows:
NDVI = (NIR-R) / (NIR+ R)	 Equation 7
where NIR = Near Infrared band and R = Red 
band.

For the calculation of the C Factor, the 
USGS-derived Landsat 8 images (OLI) 
downloaded for the year 2019 were used. 
In the OLI images, Band 4 is the Red band, 
Band 5 is the NIR band, and Band 6 is the 
SWIR band.

Support Practices Factor (P)
In general, the P-factor and C-factor are 

both related as they are designed to specify 
the positive impact of management practices 
in decreasing soil erosion (Toy et al., 1999; 
Renard et al., 2011). However, the P-factor 
is distinguishable from the C-factor as it 
recommended the control of runoff through 
the impact of management, by and large how 
the adopted management practices such as 
contour tillage, strip cropping, and terraces 
reduce and modify the pattern and speed of 
runoff (Renard and Foster, 1983; Renard et 
al., 1997, 2011).

In this exercise, the LULC map was 
used, which was processed by the supervised 
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by employing the Equation 4. According 
to the K Factor map of the Kumari basin, 
it is evident that the average value of the 
K Factor is about 0.182 whereas it ranges 
from 0.160 to 0.207. It is evident that the K 
Factor increases in a NW-SE trend, fact that, 
it is more or less similar to the clay map. The 
map displays comparatively higher values of 
the K Factor which is highly concentrated 
in the southeastern and eastern domains of 
the Kumari basin which is the area along 
the entire Jamuna (a tributary of Totko-Jam) 
river basin. In this domain, the clay content 
is high along with lower organic matter 
which prevents the formation of clay-humus-
complex. Under these circumstances, the 
permeability of the soil does not increase 
much which leads to high runoff character 
(Roy and Sengupta, 2019). So, the particle 
detachment on the lower domain can easily 
take place due to splash erosion and surface 
runoff. By and large, soils are more vulnerable 
to erosion in this region. On the other hand, 
the upper domain (N-W portion) especially 
the area of foothills and its surrounding areas 

Results and discussion
Rainfall Erosivity Factor (R)

For ascertaining the spatial variation in the 
R factor of the Kumari watershed, equation 
2 and 3 were employed. It is evident that 
the equation requires the data for monthly 
rainfall as well as annual rainfall. It has 
been stated earlier that, in this exercise, the 
rainfall data were obtained from the Tyndall 
Climatic Archive (Mitchell et al., 2002). The 
ratio between the average monthly and the 
annual rainfall gives the month-wise MFI 
which were then cumulated for all the months 
to get the annual MFI for the studied basin 
(Fig. 3a). This MFI was used in Eq. 2 to get 
the spatial variation in the R factor (Fig. 3b) 
across the study area.

Soil Erodibility Factor (K)
Usually, the pedologic characteristics 

(i.e., soil organic matter, soil pH, and soil 
texture) of the watershed actively influence 
the soil erodibility factor (‘K’-factor) (Fig. 4 
a – e). The spatial variation of K-factor scores 
of the Kumari watershed has been obtained 

Figure 3. The Kumari basin: Spatial variation of a) Mean annual rainfall, b) Rainfall erosivity rate..
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the LS Factor of the Kumari basin has been 
extracted from the flow accumulation raster 
(Fig. 5b) and the slope in degrees (Fig. 5a) 
by applying Equation 5. In this study area, 
the average value of the LS factor is 0.109 
whereas it ranges from 0.00 to 20.09. The 
entire basin has been characterised by very 
low values of LS Factor except for some 
scattered and isolated high values (>10) of 
LS Factor distributed corresponding to the 
high slope areas along the Ajodhya, Dalma 

is characterised by low values of K Factor 
because the sand content is high.

 
Slope length and steepness factor (LS)

The LS Factor has a direct impact on soil 
loss estimation. This is because it is derived 
from factors that affect the course and 
direction of surface runoff. In other words, 
the direction and flow/movement of the 
major agents of erosion is highly controlled 
by the LS Factor. The spatial variation of 

Figure 4. (a-e). Pedological attributes of the Kumari basin. a ) Sand, b) Silt, c) Clay, d) Soil organic matter, e) pH map; 
f) K-factor variation..
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that the C-factor score ranges from 0 to 1.01 
with an average value of 0.396. The high 
C-factor is concentrated in the area of the less 
vegetated and barren lands whereas the low 
C Factor is observed in the areas of dense 
vegetation.

Support Practice factor (P)
The range of the P-factor varies from 0 

to 1. It is well recognised that areas of better 
land management are associated with a lower 
magnitude of the P factor, and therefore a 
lower degree of erosion and vice versa. The 
landuse landcover (LULC) map was extracted 
from the Landsat OLI data by employing the 
Supervised Classification in ArcGIS.

hilly tract, and a residual hilly region of the 
middle domain of the Kumari basin (Fig. 5c).

Crop Management factor (C)
It is a known fact that the existence of 

vegetation restricts soil erosion by decreasing 
the amount of surface runoff and splash 
erosion. Therefore, it is imperative that 
the vegetal canopy needs to be taken into 
consideration apart from the physical factors 
such as rainfall, slope, and soil. In this paper, 
the RUSLE-derived C Factor is calculated 
from the NDVI (Fig. 6a) by employing the 
empirical Eq. 6.

From the Map (Fig. 6b) displaying the C 
factors of the Kumari watershed, it is evident 

Figure 5. Spatial variation rasters of a) slope b) flow accumulation c) LS factor of the Kumari basin..
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values of P are associated with the highlands 
and densely vegetated areas.

Estimating the annual soil loss
In the Kumari drainage basin, annual 

soil losses are estimated by employing 
the Revised Universal Soil Loss Equation 
(RUSLE). This empirical model incorporates 
several factors (viz., R, K, LS, C, and P) that 
determine the rate of annual soil erosion. The 
spatial variation of the aforesaid factors has 
already been discussed and demonstrated 
earlier. The rasters of all such causal factors 
have gone through the multiplication process 
in the Raster Calculator Module of Arc GIS 
in order to obtain the raster of estimated soil 
loss by the RUSLE method.

Annual soil loss of the Kumari basin

The estimated annual soil loss ranges from 
<5 to <80 ton ha–1 yr–1 with a mean soil loss 
of 1.766 ton ha–1 yr–1. Based on the Natural 
Breaks Method, the annual soil erosion map 
of the studied basin has been divided into 
six classes: very low (< 5 ton ha–1 yr–1), low  
(5 – 10 ton ha–1 yr–1), moderate (10 – 20 ton 

The entire LULC for the Kumari basin was 
divided into five major categories viz., water 
body, barren land, built-up area, vegetation, 
and agricultural land (Fig. 7a) to estimate 
the P-factor. The values of the P Factor were 
assigned in accordance with Table 1 for each 
corresponding LULC category. In the next 
part, the Look Up command in Arc GIS was 
run to the LULC raster in order to assign the 
values of the P Factor concerning the LULC 
category as per Table 1 given by USDA.

It was also made sure that all the rasters 
were of the same resolution. So, the P Factor 
map as well as the conditioning rasters of 
RUSLE was resampled to the same resolution 
i.e., 30 m. Fig. 7b displays the spatial variation 
in the magnitude of the P-factor, wherein the 
mean P Factor is 0.852, and the range of this 
factor varies from 0.50 to 1.0. A glimpse of 
the map reveals that a large proportion (66.04 
%) of the land in the basin area is covered 
by agricultural field and the upper domain is 
covered by barren land. The high values are 
found in the North West section of the basin, 
whereas low values of P are concentrated in 
the South East section. By and large, low 

Figure 6. Kumari basin: Variation in the NDVI (a) and C Factor (b).
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Soil loss (ton ha–1 yr–1) Erosion classes Villages in %

<5 Very Low 47.58

5-10 Low 36.06

10-20 Moderate 10.49

20-40 High 4.37

0-80 Very High 1.48

>80 Extremely High 0.02

Table 2. Kumari basin: Soil erosion classes and the 
percentage of villages in each class.

ha–1 yr–1), high (20 – 40 ton ha–1 yr–1), very 
high (40 – 80 ton ha–1 yr–1), extremely very 
high (>80 ton ha–1 yr–1). On the other hand, it 
is evident that about 16.36% of the area in the 
Kumari river basin experiences annual soil 
losses greater than 10 ton ha–1yr–1. According 
to the FAO (2017) guideline, this is reasonably 
high, and sustainable land management is 
essentially needed in this region. Such areas 
of high estimated soil loss are predominantly 
concentrated in the highland region especially 
the hills of Ajodhya and Dalma (Fig. 8a).

Figure 7. Spatial variation in The Kumari basin: a = LULC, b = support practice factor (P).

Figure 8. Spatial variation in the Kumari basin a) Annual soil loss, b) Sub-basin wise soil loss c) Village wise soil loss..
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section. The physiography of the studied 
basin is such that the right bank tributaries 
are much more extensive compared to their 
counterparts in the left bank. This scenario 
of mismatching areas is due to the fact that 
we have taken only those sub-basins as an 
areal unit provided it directly meets with the 
Kumari and the order of the trunk stream is 
at least 3. Therefore, the areas encompassed 
under each sub-basin is not uniform.

Even a casual look at Fig. 8b reveals that the 
sub-basins DMDR041R017, DMDR041R010, 
DMDR041R006, DMDR041R001, and 
DMDR041R018 are characterised by high 
annual soil loss. The possible reason for this (R-
L) distribution is that the right bank (RB) sub-
basins have greater area, higher R-factor, and 
higher clay content (K-factor) as compared 
to the left bank (LB) sub-basins. The naming 
of the sub-basins is in coherence with the 
methodology proposed by the River Basin 
Atlas of India (Dadhwal et al., 2012). Since 
the Kumari is a tributary of the Kangsabati, 
which, in turn meets the Damodar. Hence, the 
Kumari basin is a part of the broader Damodar 
basin and hence named accordingly.

Village-wise annual soil loss of the Kumari 
basin

It has been stated in the previous section 
that the relative areal extent of the sub-basins 
is not uniform. In order to counteract this 
possible bias in prioritisation due to differing 
basin sizes, the village-level prioritisation 
has been attempted. It is expected that the 
villages (942 in number) are of, more or 
less, equal extent. Furthermore, in a country 
like India, administrative boundaries are 
rarely constructed concerning the natural/
physical boundary. Rather, in India, villages 
represent the smallest administrative unit. 
So, it is expected that all the management 
decisions will be implemented by the village 

Another important observation that can 
be specified in Fig. 8a is that the annual soil 
loss in the Kumari river basin is low to very 
low. (<10 ton ha–1 yr–1) except in the area of 
the hilly tracts of Ajodhya (upper domain of 
the Kumari river) and Dalma (upper domain 
of the Totko-Jam basin) with the isolated 
hill near the village of Fulijhor in the middle 
domain.

Sub-basin wise annual soil loss of the 
Kumari basin

So, from the above analysis, it is clear 
that there are many parts in the Kumari basin 
where the estimated soil loss is significantly 
higher and hence proper management 
strategies are needed in the region. However, 
in a resource scarce scenario, it is important 
to prioritize certain areas where management 
strategies need to be employed urgently. 
For this purpose, sub-basin wise soil loss 
may be helpful in assigning priority ranks. 
So, the next part of this study included the 
estimation of soil loss in the sub-basins of the 
Kumari basin. The raster of annual soil loss 
of the Kumari basin was processed through 
the Zonal Statistics as table routine (statistics 
type- mean) in the Spatial Analyst Tools of Arc 
GIS in order to carry out the sub-basin level 
annual soil loss vector, illustrating the sub-
basin level spatial variation of mean annual 
soil loss in the Kumari river basin (Fig. 8b). 
Among the 36 sub-basins, the number in each 
category of erosion susceptibility (very low, 
low, moderate, high and very high) is 4, 10, 
8, 9 and 5, respectively. One of the apparent 
confusions that is evident is that although 
the Kumari basin is categorised into 36 sub-
basins, the relative area under each sub-basin 
is not uniform. For example, the areal extent 
of the Totko-Jam basin is much greater as 
compared to the counterparts in the upper 
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calls for immediate action as apart from the 
agricultural perspective, the problem of dam 
siltation also assumes greater significance 
considering the fact that the Mukutmanipur 
Dam is located in the vicinity.
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