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Abstract An appraisal of spatial and quantitative infor-
mation on soil erosion is a major challenge for human
sustainability. The present study demonstrates the prog-
nostic modeling capabilities of geo-spatial technology
based on soil erosion potential model to assess the effects
of implementing land use changes within sub-tropical
region in India. The Revised Universal Soil Loss Equa-
tion (RUSLE) integrated with geo-spatial technology was
used to produce predictive soil erosion map. Rainfall pat-
tern, soil type, topography, crop system and management
practices and geo-spatial data were used to predict the soil
erosion model. Results shows 74.77 % of the study area is
marked as low potential zone for soil erosion, whereas
5.58 % (>10 t h~' year™") is very high erosion risk zone.
The present information may help recognizing areas that
are vulnerable to soil loss and the proposed method will be
used for generalized planning and assessment purposes for
supervision and preserve the soil erosion.
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Introduction

Growing demands on the land and better understanding of
human forces on the environment are foremost to reflective
changes in land management (Millward and Merse 2001).
Soil erosion by water has been an important global issue
and major challenge for human sustainability in last dec-
ades (Prasannakumar et al. 2012). The importance of soil
erosion is enhanced because of its adverse impact on
agricultural production, water quality, hydrological sys-
tems and infrastructure due to both on-site and off-site
damages (Pimentel 2006). Globally, 75 billion tons of soil
is removed due to erosion, with most of its coming from
agricultural land and as a result around 20 Mha of land is
erased. Soil erosion is very high in Asia, Africa and South
America averaging 30-40 t ha™' year™' (Pimentel 2006;
Moncef et al. 2011). In the humid tropics of Asia, farmers
grow subsistence crops in sloping land through highly
erosive practices. An average rate of soil loss for Asia is
138 t ha~! year™! (Chen et al. 2010; Sharma 2010). An
estimated 175 Mha of land in India, constituting about
53 % suffers from deleterious effect of soil erosion and
other forms of land degradation. Active erosion caused by
water and wind alone accounts for 150 Mha of land which
accounts to loss of about 5.3 Mt of sub-soil per year. It is
reported that approximately 25 Mha land have been
degraded due to ravine, gullies, shifting cultivation, salin-
ity, alkalinity and water logging (Reddy 1999). Dhruva-
narayana and Rambabu (1983) have estimated that 5,334
Mt (16.4 t ha™") of soil is detached annually and 29 % is
carried away by river into the sea and 10 % is deposited in
reservoirs resulting in the considerable loss of the storage
capacity in India. In West Bengal, 14 % of the area is
affected by water erosion of which Puruliya is affected to
the extent of 328 thousand hectare, followed by West
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Medinipur (218 thousand hectare), Bankura (199 thousand
hectare), Koch Bihar (174 thousand hectare) and Jalpaiguri
(132 thousand hectare) (Pandey et al. 2011). Various
studies investigating the crop production have declined in
the last few years due to soil erosion in western part of
West Bengal in India (Nandi 2012; Mondal 2012).

Spatial and quantitative information on soil erosion
prediction and assessment has been a challenge to
researchers since the 1930s (Prasannakumar et al. 2012).
The methods of quantifying soil loss based on erosion plots
possess many limitations in terms of cost, representative-
ness and reliability of the resulting data. This trend has a
noteworthy consequence on the advancement of under-
neath geo-spatial technology and modeling tools (Alexakis
et al. 2013). These advances assist evaluation of deterrence
practices based on the nature of the prevention measure
(Kouli et al. 2009). Spatial analysis and model can also
offer sustaining information for distribution of resources to
those areas and forms of practices which will supply the
most efficient fortification.

However, till date no studies have been reported the
spatial distribution of soil loss due to the constraint of
limited samples in complex environments. Conversely,
mapping of soil erosion in large areas is often very difficult
by traditional methods. The most commonly adopted
empirical models are the Universal Soil Loss Equa-
tion (USLE) (Wischmeier and Smith 1965) and Revised
Universal Soil Loss Equation (RUSLE) (Renard et al.
1991). Other models like the Erosion Productivity Impact
Calculator (EPIC) (Williams et al. 1990), European Soil
Erosion Model (EUROSEM) (Morgan et al. 1992) and
Water Erosion Prediction Project (WEPP) (Flanagan and
Nearing 1995) are also used to estimate the status of soil
loss. The geo-spatial technology is cost-effective and time-
efficient in this regard. Fewer studies have been carried out
using different methods of GIS techniques and remotely
sensed data are effective in identifying and mapping land
degradation risks and modeling of soil loss (Pandey et al.
2007, 2009; Rahman et al. 2009; Nagaraju et al. 2011;
Sinha and Joshi 2012; Nasre et al. 2013; Baroudy and
Moghanm 2014; Jiang et al. 2015). The present study
focused on the prognostic modeling capabilities of geo-
spatial technology based soil erosion potential model to
delineate the probable soil erosion potential areas in sub-
tropical region.

Description of the study area
Jhargram Sub-division lies in Kasai-Subarnarekha river
interfluves zone, located in the western part of Paschim

Medinipur district of West Bengal (India). It is extended
between 22°48'49” to 21°51’30"N latitude and 86°33'50"E
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to 87°15'31”E longitude. The study area consists of eight
blocks, namely Binpur-I, Binpur-II, Jamboni, Jhargram,
Gopiballavpur-1, Gopiballavpur-1I, Sankrail and Nayagram
(Fig. 1). The total area of the study site is about
3037.64 km? and an average elevation of 65 m. The study
site is mainly controlled by Kasai (Kangsabati) and Sub-
arnarekha rivers along with their tributaries. It represents
regional diversities in terms of physiographic, agro-cli-
matic characteristics, economic development and social
composition etc. This region is a part of residual Chho-
tonagpur plateau with undulating relief, laterite soil and
humid climate. Physiographically, the region can be cate-
gorized into three parts, viz Chotonagpur flanks with hills,
and rolling lands in the western part, Rahr plain with
lateritic uplands in the middle part (Shit et al. 2012; Gayen
et al. 2013). The soil is mainly sandy loam type and the
average land slope varied between 5 and 8 %. The area
experiences very hot summer with temperature reaching up
to 45 °C in May and June. The annual average rainfall
during monsoon season varies between 997.3 and
13547 mm and 85 % of the rainfall occurs during the
monsoon season (June to October). Lands are mostly
mono-cropped, having only limited surface irrigation
facilities. The dominant crop in the study area is paddy.
Erosion problem is prevalent in the study area due to
rolling topography and improper agricultural management
practices.

Material and method
Data used and pre-processing

The Survey of India (SOI) topographical sheets of the
study area (73]J/9, 10, 14, 15, 16; 73N/2, 3, 4, 7; and 730/1;
scale of 1:50,000) were collected. The scanned topographic
maps were geometrically corrected by geographic projec-
tion system with Modified Everest datum based on second
order polynomial algorithm. Shuttle Radar Topographic
Mission (SRTM) was collected to generate the Digital
Elevation Model (DEM) of the study area. These data have
been acquired to generate digital topographic maps and
seamless DEMs of homogeneous quality in 3-arc seconds
(30 m) spatial resolutions (Rabus et al. 2003). A digital
elevation model (DEM) represents in Fig. 3a for spatial
variation in altitude.

Generation of land use/land cover map (LULC)

Land use/land cover is very important for runoff estimation
and soil loss. The Landsat4-5 Thematic Mapper data
(Spatial resolution—30 m; Path/Row- 139/44 and 139/45)
was used for preparing land use/land cover map derived
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Fig. 1 Location of study area

from United State Department of the Interior, United State
Geological Survey (http://earthexplorer.usgs.gov/). Super-
vised classification system with maximum likelihood
classifier (MLC) algorithm of ERDAS IMAGINE v.8.5
was used for digital classification of satellite data (Shit
et al. 2015). The maximum likelihood classification algo-
rithm assumes that spectral values of training pixels are
statistically distributed according to a multivariate normal
(Gaussian) probability density function. Consequently,
classification results were then assessed for accuracy using
ground control-points determined in the study area col-
lected through hand-held Garmin Global Positioning Sys-
tem (GPS) (accuracy £3 m) (Wu and shao 2002).
Validation with Google Earth and field control-points
ensured that classes were properly assigned to the

respective land cover feature on the ground (Rogan et al.
2002). In the present study following LULC classes were
considered: water, wet fallow land, dense forest, low dense
forest, degraded forest, dry fallow land, agricultural fallow
and cultivated land.

Soil Erosion Estimation Model

The revised universal soil loss equation (RUSLE) model
(Eq. 1) was adopted to assess the soil erosion prescribed by
Renard et al. (1997).

A= RXKxLxSxCxP (1)

where A is the soil loss in t ha™' year™'; K is the soil
erodibility factor, R is the rainfall—runoff erosivity factor;
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S is the slope steepness factor; L is the slope length factor
and C is the cover and management factor; P is the con-
servation practices factor. The L, S, C and P values are
dimensionless. All these factors (RKLSCP) were integrated
into GIS environment for generation of soil erosion pre-
diction map. The proposed methodology of soil erosion
model is shown in Fig. 2.

Rainfall erosivity (R)

The rainfall data since last 35 years (1976-2010) from
Indian Meteorological Department (IMD, Pune) were used
for calculating R-factor. In the present study, spatial dis-
tribution of R-factor is assumed to be uniform. To calculate
the R-factor Wischmeier and Smith (1978) and Arnoldus
(1980) methods have been followed (Eq. 2):
12
R— 1.735 % 10M1-51ogi0(p?/p)—0.08188] )
; (2)

l

where, R is rainfall erositivity factor in MJ mm ha=! h~!
year_l, P; is monthly rainfall in mm and P is annual
rainfall in mm.

Soil erodibility factor (K)

The soil erodibility factor (K) represents both susceptibility
of soil erosion and the amount and rate of runoff measured
under standard plot condition. Soil erodibility factor (K) in
RUSLE model was estimated by Wischmeier et al. (1971)
model. Soil texture is classified based on United States
Department of Agriculture (USDA) techniques. The ref-
erenced soil map derived from National Atlas and The-
matic Mapping Organization (NATMO), Department of
Science and Technology, Government of India was used to
estimate the K factor. The corresponding K values for the

SOITopomaps  Remote Sensing Data Field data Rainfall Data
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Information  Regources Information Extraction I monthly rainfall
Extraction n data with

<«—— Groundtruth ——
v GIS
Slope Land Use/Land Cover Soil
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Soil Erosion Map

Fig. 2 Flow chart for the generation of soil erosion map
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soil types were identified from the soil erodibility mono-
graph (USDA 1978), considering the particle size, organic
matter content and permeability class.

Topographic factor (LS)

Topographic factors like, slope length factor (L) and slope
steepness factor (S) mainly reflect the effect of surface
topography on erosion (Yildirim 2012; Shit et al. 2015).
Slope length is defined as the horizontal distance from the
point of origin of overland flow to the point where either
the slope gradient decreases enough that deposition begins,
or runoff is concentrated in a defined channel (Renard et al.
1997; Wischmeier and Smith 1978). Slope steepness
reflects the influence of slope gradient on erosion. In gen-
eral, an increase in the L and/or S factor produces higher
overland flow velocities and correspondingly greater ero-
sion (Ozsoy et al. 2012). Generating the L and S values
poses the largest problem (Moore and Wilson 1992). The
slope length (L) and slope steepness (S) derived from
SRTM DEM model. In ArcGIS (Arcview software 3.2.),
spatial analyst and Hydrotool extension tools (Moore and
Burch 1986) were used to estimate the L and S factor. To
calculate the L-factor McCool et al. (1987) model was
followed (Eq. 3).

L= (T’lm)m (3)

where, L is slope length factor; A is field slope length (m);
m is dimensionless exponent that depends on slope steep-
ness. 22.13 is the RUSLE unit plot length (m); m is a
variable slope length exponent.

The S-factor was calculated based on the relationship
given by McCool et al. (1987) for slope longer than 4 m as:

S =108 sin0+0.03 if 0<5° (4.1)
S=168sin0—05 if 6> 5° (4.2)
S=2191sin0—096 if0<10° (4.3)

where S is slope steepness factor and 6 is slope angle in
degree. The slope steepness factor is dimensionless. The L
and S factors were calculated by Raster Calculator tool in
ArcGIS. Then, the LS factor raster layer was further gen-
erated by multiplying L factor and S factor.

Crop management factor (C)

The cover management factor (C) is a crucial factor to the
erosion because it is a readily managed condition to reduce
erosion (Renard et al. 2011; Chatterjee et al. 2014). Soil
erosion decreases exponentially with increase in vegetation
cover (Jiang et al. 2015; Shit et al. 2013). Plant cover
reduces soil erosion by intercepting raindrops, enhancing
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Fig. 3 Spatial distribution of
factors of RUSLE model,

a Digital elevation model
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Table 1 Soil erosion category

on elevation zones (Percentage Elevation zone (m) Slight/low Moderate High Very high Total
of area, %) <60 1.24 0.67 0.52 031 2.74
60-120 5.27 1.27 0.94 0.61 8.09
120-180 10.10 2.58 1.06 0.94 14.68
180-240 21.54 3.50 1.48 1.02 27.54
240-300 27.20 5.22 2.00 1.50 35.92
>300 9.42 1.17 0.24 0.2 11.03
Total 74.77 14.41 6.24 4.58 100
Table 2 Land use/Land cover statistics of the study area
Land use/Land cover class Area (ha) Percentage (%) Producer accuracy (%) User accuracy (%) Kappa”
Water body 8299.93 2.71 66.67 66.67 0.65
Waste land with/without scrub 8212.33 2.69 100.00 66.67 1.00
Dense forest 30,721.66 10.04 71.43 83.33 0.68
Degraded forest 40,868.07 13.36 84.21 100.00 0.77
Open forest 23,700.64 7.75 100.00 88.89 1.00
Settlement/built-up area 6154.74 2.01 100.00 66.67 1.00
Agriculture paddy 91,320.93 29.86 66.67 100.00 0.65
Agriculture fallow/Barren land 100,577.48 31.58 100.00 80.00 1.00
Total 305,855.80 100.00 0.8265

Overall classification accuracy = 86.00 %. Overall kappa statistics = 0.8265

infiltration, slowing down the movement of runoff (Gyssels
et al. 2005; Wang et al. 2013). The crop management factor
(C) is the ratio of soil loss from an area with specified cover
and management to soil loss from an identical area in tilled
continuous fallow. The traditional method for spatial esti-
mation of C factor is assigning values to land cover classes
using classified remotely sensed images of study areas
(Table 3). To calculate the C factor normalized difference
vegetation index (NDVI) was used proposed by Van de
Knijff et al. (2000) (Eq. 5):

NDVI }

C= - 5
eXp[ “b—NDVI) )
where a and b are unit less parameters that determine the

shape of the curve relating to NDVI and C factor.
Conservation practice factor (P)

Conservation practice factor (P) is defined as the ratio of
soil loss after a specific support practice to the corre-
sponding soil loss after up and down cultivation. Farming
practices area are delineated using Landsat Thematic
Mapper data. The P value was obtained from the standard
table proposed by USDA-SCS (United States Department
of Agriculture—Soil Conservation Service) (1972) and
Rao (1981). The lower the P value, the more effective the
conservation practices.

@ Springer

Results and discussion

Soil erosion by several geographical factors is more evi-
dent precarious threat in sub-tropical region of India.
Livelihood of the people in this region is primarily reliant
on intensive subsistence agriculture. Hence, estimation and
representing of soil erosion prone area are very essential
for its conservation and management. In the present study,
both the qualitative and quantitative tactics were imple-
mented to assess soil erosion risk.

The elevation map (DEM) is shown in Fig. 3a. Cate-
gorization of soil erosion characteristics in relation to dif-
ferent elevation zones is illustrated in Table I.
Approximately 63.46 % soil erosion area was recorded in
the elevation zone between 180 and 300 m. Consequently,
14.68 % erosion area was evidenced in the elevation zone
between 120 and 180 m. Therefore, it is necessary to take
conservation practices in the zone between 120 and 350 m
to lessen soil forfeiture in the study area.

In the present study, nine LULC classes were generated
(Fig. 3e). The result showed most of the area (61.44 %)
covered with agricultural paddy and agricultural fallow
land. Dense forests were found in the north-west and
southern part of the study site and covered with 10.04 %.
The spatial distribution of LULC classes illustrated in
Fig. 3 and the area statistics is presented in Table 2. The
overall accuracy of LULC classes is calculated as 86.00 %
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Table 3 Soil erosion category
on land use types (Percentage of

area, %)

Land use type Slight/low Moderate High Very high Total
Water body 0.1 0.0 0.0 0.0 0.1
Waste land with/without scrub 15.8 2.6 1.4 1.8 21.6
Dense forest 2.7 0.4 0.2 0.0 33
Degraded forest 9.61 0.9 0.5 0.3 11.31
Open forest 14.06 1.01 0.6 0.5 16.17
Settlement/built-up area 1.8 0.8 0.3 0.0 2.9
Agriculture paddy 7.8 2.6 1.44 0.82 13.16
Agriculture fallow/Barren land 229 6.1 1.8 1.16 32.46
Total 74.77 14.41 6.24 4.58 100

based on 50 random samples representing various LULC
categories. Agricultural land as the primary land use type
increases due to human intervention and increasing popu-
lation pressure in the study area. The association between
soil loss in relation to different land use category in the
study area was assessed (Table 3). The analysis illustrates
that the agriculture fallow/barren land and waste land with/
without scrub contributed 32.46 and 21.0 % respectively of
total soil loss owing to its large erosion rate. Open forest
(16.17 %), degraded forest (11.31 %) and agricultural
paddy (13.16 %) land were under unadorned to extreme
erosion categories. Therefore it is needed to carry out the
conservation practices on these land use types taking into
consideration their large areas and mass soil loss. Suitable
cropping pattern and crop rotation practice may be com-
menced and community based soil erosion management
program should be introduced to ease the soil loss in the
study site. Conservation tillage, in conservation planning,
contour bandings or contour hedgerows should be given to
agronomic measures of soil conservation (Sharma 2010).
On the other hand, dense forests play an important role in
soil conservation. Therefore, the afforestation program in
this region is essential and should be implemented strictly
(Sharma 2010; Bhunia and Shit 2013; Jiang et al. 2015).

The calculated R factor for the study area is shown
in Table 4. The rainfall erosivity factors (R) for the
years 1976-2010 ranges between 924.60 and
10,277.87 MJ mm ha~' h™' year™'. The average R factor
was  4,098.35 MJ mm ha™' h™! year™' (Table 2). The
highest value (10,277.87 MJ mm ha~' h™' year™") of R
factor was recorded in 1976 and the lowest value
(924.60 MJ mm ha™' h™! yearfl) of R factor was docu-
mented in 1998.

Earlier studies endeavored to guesstimate K factor based
on soil types (Symeonakis and Drake, 2010). K values for the
textural groups varied from 0.10 t ha h ha™' MJ™! mm™'
(gravelly loam), 0.17 t ha h ha™' MJ~' mm™" for gravelly
clay, 025 thahha ' MJI™' mm™" for clay and 0.36 t
ha h ha™' MJ™" mm™' for loam, respectively. The magni-
tude and the spatial distribution of soil erodibility (K) are

illustrated in Fig. 3b. The maximum value of K recorded in
the northern part o the study site and the minimum value
portrayed in the eastern and southern part of the study site.
The spatial distribution of LS factor is shown in Fig. 3c.
The entire study area is classified into six categories based
on geometric interval. Topographic factor of the study site
ranged between 0.0 and 12.0. In the study area, the extreme
northern part showed the highest slope whereas, the lower
slope found on the eastern and southern part. Moderate
slope of topography were found in the central and western
part of the study site. Slope is another imperative factors
contribution soil loss in the study site. The soil loss and
erosion category on different slope gradient zones were
also assessed (Table 5). The analysis shows that 15-25°
slope portrays 38.36 % of soil loss in the study site and the
slope of 8-15° accounting for nearly 28.38 % of total
erosion area. The slight erosion categories are mostly
observed in the zone with slopes less than 3°. The very
high soil erosion categories are seen in the zone with slopes
between 15 and 25°, moderate and the low erosion category
are mostly in the zone with slopes less than 15 and 8°
respectively. The correlation analysis of erosion rate with
slope and elevation in the study area revealed that the
interrelationship between erosion and slope was very sig-
nificant (r = 0.72, P < 0.001). The present results also
incorporated the previous study by Jiang et al. (2015).
Crop management factor (C) has been found to be good
proxy for land cover on somewhat large basins and were
smeared in numerous expanses (Van Rompaey et al. 2005).
The magnitude and the spatial distribution of C show
values between 0.01 and 1.0 (Fig. 3d). The values for
C-factor were assigned to be 0.70 for area under paddy
cultivation and 0.45 for forest area (Table 6). The highest
(poor land cover management) almost coincide with the
lowest NDVI values, (0.60-0.05), since forest protects soils
against erosion, while the open rangeland exposed to
plowing has a high C value (0.30). Similarly, the mixed
rain-fed areas have a C value of (0.35). The model showed
logical results after applying the assumed C values for each
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Table 4 Annual rainfall

erosivity factor (MJ mm ha~' Year R-factor

h! yearfl) of the study area 1976 10.277.87
1977 7716.00
1978 8798.00
1979 2455.56
1980 2301.90
1981 3168.03
1982 3149.13
1983 1642.97
1984 7222.47
1985 3673.70
1986 2713.56
1987 3380.46
1988 4112.43
1989 3225.57
1990 3155.12
1991 4508.18
1992 3767.12
1993 2691.58
Year R-factor
1994 4816.38
1995 2385.17
1996 3081.70
1997 5730.25
1998 924.60
1999 3623.21
2000 2735.72
2001 2438.83
2002 3122.23
2003 3485.61
2004 3764.78
2005 3222.85
2006 2607.91
2007 8393.03
2008 9534.4
2009 3837.97
2010 1778.09
Average 4098.35

land-cover class, with a trend of increasing erosion with
low vegetation cover.

Spatial distribution of soil loss

The revised universal soil loss equation is a straight for-
ward and empirically based model that has the ability to
predict long term average annual rate of soil erosion on
slopes using rainfall pattern, soil type, topography, crop
system and management practices. In the present research,
annual soil erosion rate map was generated for Jhargram

@ Springer

Table 5 Soil erosion category on different slope zones (Percentage
of area, %)

Slope (degree) Slight/low Moderate High Very high Total

<3 3.94 0.84 0.39  0.17 5.34
3-8 11.68 1.48 0.73  0.68 14.57
8-15 21.84 3.84 1.54 1.16 28.38
15-25 27.98 6.11 248 1.79 38.36
>25 9.33 2.14 1.10  0.78 13.35
Total 74.71 14.41 6.24 4.58 100

Table 6 Crop management factor for different land use/land cover
classes

Land use/land cover C-factor
Water body 0.0
Waste land with/without scrub 0.33
Dense forest 0.004
Degraded forest 0.008
Open forest 0.008
Settlement/built-up area 0.002
Agriculture paddy 0.28
Barren land/agriculture fallow 1.0

Source: USDA-SCS (1972), Rao (1981)

sub-division which is characterized by undulating terrain
characteristics and lateritic soil.

Potential annual soil loss is estimated based on R, K, LS,
C and P in GIS environment. The estimated average soil
erosion rate for the Kasai-Subarnarekha river interfluves
zone ranges between O and 13.28 t h-1 y-1 (Fig. 4). The
estimated average annual soil loss of study area was
grouped into four classes based on the minimum and
maximum values and the spatial distribution of probable
soil loss is portrayed in Fig. 5. The results of our analysis
showed 74.77 % of the study area is marked as low
potential erosion (<2.0t h-1 y-1); 14.41 % area manifested
as moderate erosion (2.0-5.0 t h-1 y-1) and remaining part
is considered as high (6.24 %, 5.0-10.0 t h-1 y-1) to very
high (5.58 %, >10 t h-1 y-1) erosion risk (Table 7).

Block wise distribution of soil erosion in the study area
is summarized in Table 8 and Fig. 5. The results showed
all the study blocks come under the moderate erosion
hazard (i.e., ranged from 7.85 % to 24.12 %) except
Gopiballavpur—I and Binpur-I. Conversely, five blocks,
namely Gopiballavpur—II, Jamboni, Binpur-I, Binpur-II
and Nayagram comes under high erosion hazard zone
which is ranged from 4.04 to 8.50 % of the total area
(Fig. 6). As such, Binpur—I, Binpur—II, Jamboni, Naya-
gram and Gopiballavpur—II falls under very high erosion
hazard zone. However, the area with the maximum
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gradient is mostly covered with high fraction of vegetation,
and vice versa (Fig. 6). Table 9 is representing the general
soil erosion management strategies of the study area.
Therefore, information derived in this study essential to
practice prudently used for local level soil preservation
planning.
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Fig. 4 Spatial distribution of soil erosion

Conclusions

Soil erosion in Kasai-Subarnarekha river interfluves zone is
a serious dilemma and assessment of soil loss is indis-
pensable for conservation of land and water for the sus-
tainable development. As the erosion process of soil is very
slow and relatively ignored, and it may arise at an dis-
quieting rate originating severe loss of top soil. Quantita-
tive estimation of soil loss by water erosion in the study
area was modeled by accomplishment spatial soil erosion
risk modeling using RULSE model with the aid of remote
sensing and GIS. However, all the thematic layers (e.g.,
C-factor i.e., all agricultural land was classified as crop
fallow rotation; calibration of grid cell size which affect the
LS factor) of the model contain approximations and gen-
eralizations of data to some extent. Present study reveals
that the annual soil erosion was recorded as >10 ton
ha™' year™' from waste land with/without lateritic undu-
lating terrain; while the agricultural fallow land/barren land
represented as 5—10 ton ha™' year™'. The developed soil
erosion map may be helpful for the proper planning and
management of future soil erosion disasters and LULC
planning. Soil erosion is serious in the elevation zone
between 180 and 300 m and slope zone with slopes
between 8 and 25°. In terms of land use, agriculture fallow/
barren land and waste land with/without scrub contributed
mass majority to total soil loss. Soil losses are reasonably
stumpy in dense forest area. About 4.58 percent (14026.00
hectare) of total area of basin area was found under very
high risk (>10.0 ton ha™' year™") of erosion. Around 6.24
percent (19120.75 hectare) of basin lies in moderate risk of
erosion (5.1-10.0 ton ha~' year™'). Very high risk of
erosion is observed in Binpur-II block while, the low risk is
documented from Gopiballvpur-I block; it might be

Fig. 5 Block wise distribution H Very high
of soil erosion risk Sankrail H High
Moderate
Jhargram m Slight / low
Nayagram
Jamboni
Gopiballavpur—II
Gopiballavpur—|
Binpur—1I|
Binpur—1
T T T T T 1
0 20 40 60 80 100
% of Area
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Table 7 Average rate of soil loss of the study area

Erosion class Rate of soil loss (ton ha™! year™") Area in hectare % of the total area Cumulative %
Slight/low <2.0 229,023.26 74.77 74.77
Moderate 2.1-5.0 44,135.03 14.41 89.18

High 5.1-10.0 19,120.75 6.24 95.42

Very high >10.1 14,026.00 4.58 100

Total 30,6305 100

Table 8 Block wise average rate of soil loss of the study area (ha)

Blocks Soil erosion (area in hectare)
Slight/low  Moderate  High Very high

Binpur—I 28,732.53 332144 2306.88 1882.15
Binpur—II 43,240.92 6644.72  4644.72  3044.46
Gopiballavpur—I  22,950.32 213822 1217.07 913.61
Gopiballavpur—II  14,773.02 2100.86  1881.15 1742.97
Jamboni 22,631.54 4379.32 3510.55 2138.59
Nayagram 33,658.34  12143.89  3028.68 1729.09
Jhargram 44,879.22 6749.36 861.12  1460.30
Sankrail 18,157.37 6657.22 1670.58 1114.83

because high management practice. The information
derived in the study may help identifying areas that are
vulnerable to soil loss and the proposed method will be
used further for generalized planning and assessment pur-
poses. Model appraised erosion assessments were sound
complemented with field based existing erosion damage
calculation. The description of the ranking system for the
geographical factor is very straightforward and easy to
activate without entailing luxurious time overwhelming
experimentation. Present information provided very glow-
ing approximation of erosion patterns at landscape scale.
This method should combine land use strategies for each
zone with careful consideration of certain structural

Fig. 6 Types of soil erosion: a Gully erosion in open forest area; b Gully erosion undulating topography; ¢ Rill erosion in forest fringe area; and
d Exposed soil horizon of lateritic platform in agricultural area

@ Springer
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Table 9 General soil erosion management strategies of the study area (modified Rahman et al. 2009)

Erosion  Rate of soil erosion  Major land use scenario General management strategies

class (ton ha™! yearfl)

Slight/ 0-2 Forest area Should be protected from further erosion. Planning should be taken for
low restoring degraded vegetation and restoration

Moderate 2-5 Agricultural land

There is a probability that the rate of erosion will increase in future in this

area. Therefore, proper land-use planning is needed such as suitable
cropping pattern for agricultural land in local level

Strictly maintain suitable cropping pattern and crop rotation practice.
Environment Impact Assessment (EIA) must be performed prior to

allocation for the development of any new infrastructure. Community based
soil erosion management program should be introduced and lower cost
erosion control techniques should be applied

High 5-10 Agricultural fallow land/
Barren land
Very >10 Waste land with/without
high lateritic undulating terrain

Priority to be given for soil conservation on emergency basis. To control and
protect areas from severe soil erosion, preference should be given to

agronomic measures of soil conservation, such as conservation tillage, in
conservation planning. Agronomic measures are more suited to existing
farming systems. Some other engineering structures for controlling soil
erosion (terraces, contour bandings or contour hedgerows, etc.) should be
implemented as appropriate

controls and can be achieved by minimal disruption of
natural environments
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