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ABSTRACT

Soil erosion is the greatest threat to the ecosystem which gets accelerated due to environmental
agents such as water and wind as well as anthropogenic activities. Effective estimation of sail
degradation plays an important role in planning preventive measures and conserving the soil. This
study was carried out to provide decision-makers with a picture of soil erosion in Madhya Pradesh's
Chambal basin and to identify environmentally hot areas to assist in planning effective conservation
measures. By using a few input parameters to create raster maps of the Rainfall erosivity factor (R),
Soil erodibility factor (K), Topographic factor (LS), Cover and management factor (C), and Support
practice factor (P), the Universal Soil Loss Equation (USLE) and Revised Universal Soil Loss
Equation (RUSLE) models were applied. The classification of soil erosion and the area portion in
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each class was then acknowledged. According to the USLE and RUSLE models, the average soil
loss for the entire basin is 2.00 t ha-1 yr-1 and 3.04 t ha-1 yr-1, respectively. According to the USLE
and RUSLE models, the ranges under severe risk are 0.33% and 0.76%, while the ranges under
extremely severe risk are 0.45% and 0.78%, respectively. The land use/land cover (LULC) map for
the study area was acquired from satellite data in the USLE, and the Normalized Difference

Vegetation

Index (NDVI) map was incorporated into the RUSLE model to enhance the

comprehension and identification of vegetation. This integration is crucial for capturing detailed
information in the RUSLE model. Consequently, RUSLE vyields superior results compared to the
USLE model, underscoring the significance of incorporating finer details, especially those related to

vegetation, for more accurate outcomes.

Keywords: Soil erosion; universal soil loss equation; remote sensing; revised universal soil loss

equation; conservation planning.
1. INTRODUCTION

Soil and crop health is a prominent factor and the
foundation of agriculture to ensure crop
productivity and food security across the globe in
the 215t century [1,2]. Proper growth of the crops
and soil moisture management depends upon
the available soil properties [3-5]. It is an
indispensable part of the ecosystem that upholds
and sustains terrestrial ecosystem services. Soil
erosion caused by agents such as water and
wind has been a major threat since the beginning
of human civilization. In the Anthropocene, it has
been further intensified due to human
interventions and injudicious agricultural activities

[6].

Soil is one of the most crucial natural resources
that supports human life on earth. It
encompasses the entire ecosystem depicting the
quality of the soil, water, vegetation, and wildlife.
Degradation refers to the land's loss of either
temporary or long-term productive capacity. The
IPCC report from [7] states that "land
degradation is the negative trend of the land
condition, and due to such degradation soil
productivity and soil nutrition are lost and the
productive land is turned into wasteland."
According to Senapati and Das [8], the estimated
cost of land degradation in India is equal to
3.95% of AGDP and 1.40% of GDP. These
studies demonstrate that land degradation is a
significant environmental issue everywhere,
including India. Therefore, numerous scientists,
organizations, and researchers are focusing on
environmental degradation and trying to figure
out how to stop the degradation of the land
[9,10].

“In terms of global scale, 1094 million hectares
(Mha) of land is affected due to water erosion,
out of which 751 Mha being severely harmed.

This makes soil erosion the major factor of land
degradation. Wind erosion affects 549 Mha of
land, with 296 Mha suffering severe effects” [11].
“An estimated 120.4 Mha of India's 329 Mha total
geographical area has been degraded (68% due
to water erosion), causing an annual loss of 5.3
Gt of soil. About one-third of the territory in
India's Eastern Himalayan region has been
damaged by soil erosion brought on by water”
[12]. “With an average soil detachment rate of
16.4 t. ha-1. yr-1, out of India's whole
geographical region (328.7 Mha), 106 Mha are
severely eroding” 13]. “Estimates indicate that
61% of the soil that is eroded is displaced from
its original place, 10% is collected in reservaoirs,
and 29% is completely lost to the sea” [14].

Anthropogenic activities in addition to natural
processes enhance land degradation, these
processes are also complex and site specific.
The socio-economic implication of land
degradation can be attributed to continuous loss
of agricultural land, decreasing agricultural
productivity, worsening food security, and slower
economic activity which results in low standards
of living and poor health status [15]. The study
found that erosion causes both on-site and off-
site losses of soil structure, organic matter, and
productivity, as well as low agricultural yields and
losses of income. Because of the off-site effects
of soil erosion, which decrease the capacity of
streams, rivers, and reservoirs and raise the risk
of flooding, there is an increase in pollution and
sedimentation in downstream areas and rivers.
Waterways may continue to be blocked, which
could have an impact on the water's quality [16].

Information on a region's spatial and quantitative
soil erosion helps with erosion control and
agricultural conservation planning. It will aid
natural resource conservators and planners to
concentrate on the areas that fall under the
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category of soil erosion severity and plan
mitigation measures. In evaluating soil erosion
research, the use of remote sensing and
geographic information systems (GIS) is highly
beneficial since it enables evaluation of spatial
heterogeneity in soil, land use/land cover,
elevation/slope, etc. Remote sensing can be
used to create the input parameters for models of
soil erosion [17]. To better understand and
forecast outcomes to reduce the detrimental
effects of erosion and sedimentation, GIS-based
analysis plays a significant role in integrating
observations with models [18].

A comparative research study was carried out by
Mondal et al. [19] to assess “the soil loss using
MMF [20], USLE, and RUSLE model in a small
catchment of the Narmada basin of Madhya
Pradesh in central India”. “The differences in the
results from the detected data of sedimentation
using MMF, USLE, and RUSLE were observed
to be (-) 39.45 %, (-) 9.60 %, and 4.80 %,
respectively. Therefore, it was concluded that the
RUSLE model was more reliable for the study
area as compared with the other models”. [49]
“The image from January month performed best
with overall accuracy of 87% and 0.69 kappa
coefficient. This method opens the possibility of
using semi-automatic classification for the
Chambal badlands which are so far mapped with
manual interpretations only” [21]) “The average
annual soil erosion for the entire state as
obtained from the USLE and RUSLE model was
580 t. ha-1. yr-1 and 6.64 t. ha-1. yr-1,
respectively. The areas under severe risk were
1.09 % and 1.80 %, and very severe risk areas
were 1.57 % and 1.83 % as estimated by USLE
and RUSLE model, respectively. As compared to
RUSLE model, USLE model underestimated rate
of soil erosion for most river basins as well as for
the entire state” [22].

In rural India, detecting ecologically challenged
zones on a regional basis is helpful to create
appropriate  protection measures.  Natural
resource  management and conservation
activities are the primary areas under several
employment generation initiatives. The main goal
of the current study was to understand the soil
erosion process, estimate soil erosion in
Chambal basin of Madhya Pradesh using USLE
and RUSLE in integration of geospatial
technology and compare soil erosion rate
estimated using these two models for adaptation
of suitable models that can be used to identify
environmentally disturbed hot spots and basins
aimed at soil protection measures.

1.1 Study Area

The study region is the second-largest river basin
in the Madhya Pradesh state of India. It lies
between geographical coordinates of latitudes
22°26'N and 26°54'N and longitudes 74°42' to
79°15'. Forming a geographic boundary between
the states of Madhya Pradesh and Rajasthan, it
travels from Janapav valley at Malwa Ridge
Cows to join the trunk river (Yamuna) in Uttar
Pradesh [23]. Chambal in Madhya Pradesh has a
total catchment area of 59,940 sq km. The river
Chambal has a total length of 965 km, of which
its initial 320 km are in Madhya Pradesh. Its
principal tributaries include the rivers Kali Sindh,
Parvati, Kuno, Newaj, and Shipra. The Chambal
region experiences humid to sub-humid weather
conditions with 900 mm of yearly rainfall [24].
The river flows through a region with diverse
geology consisting of igneous, metamorphic, and
sedimentary rocks. The river basin is
characterized by low to moderate relief, with hills
and plateaus of sandstones, shale, and
conglomerates. The river and its tributaries have
carved deep gorges and valleys through the
rocky terrain, creating a unique landscape
supporting rich biodiversity. The river is also
subject to periodic droughts, which can lead to
low flow and increased vulnerability to sand
mining. The study area for illegal sand mining
comprises sand mining sites that were selected
based on reports submitted by the Director of the
National Chambal Sanctuary (NCS) and an
Additional Director (Mines) to the National Green
Tribunal [25]. The three primary seasons of the
study area's climate are summer, rainy season,
and winter. The winter season lasts from October
to February, the summer season lasts from
March to June, and Képpen—Geiger classification
[26].

Clay loam, sandy clay Sandy loam clay, and
Sandy loam clay are the major soils available
in this basin [22]. The Location map of
the study area in Madhya Pradesh is depicted in
Fig. 1.

1.2 Data Acquisition and Software

In the data collection and analysis process, a
varying range of datasets were sourced such as
meteorological parameters, soil type, basin
characteristics, and land cover data, from various
open-access platforms. Detailed information
about the data and their specifications can be
found in Table 1.
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Fig. 1. Location map of the study area

Table 1. Details of various data utilized in this research and their sources

SI.  Data Data resolution Source of data
No.
1. Total CHIRPS-2.0 Climate Hazards Group Infrared Precipitation with
rainfall (Resolution 0.059 Station
amount (www.legacy.chg.ucsb.edu/data/chirps/index.html)
2. NDVI eMODIS image National Aeronautics and Space Administration’s
(250m resolution) (NASA), (http://www.usgs.gov)
3. Land use MODIS (Moderate National Aeronautics and Space Administration’s
Resolution Imaging (NASA),
Spectroradiometer) (http://www.usgs.gov)
image format with (30 m
resolution)
4, Soil type DSMW at scale 1:5 Digital Soil Map of the World, FAO (www.fao.org)
million.
5. LS and DEM Shuttle Radar Terrain Mapper (SRTM),
Slope (30m resolution) (http://www.usgs.gov)

For meteorological parameter data from the
Climate Hazards Group Infrared Precipitation
with Station (CHIRPS), datasets were used
instead of the India Meteorological Department
(IMD) datasets. The CHIRPS datasets offer a
higher spatial resolution of 0.05 x 0.05 degrees,
which is more refined compared to the 0.25 x
0.25-degree resolution of the IMD datasets,

thanks to their gridded data structure [27]. To
process and analyze this data, we employed
QGIS version 3.4. This software played a vital
role in creating various thematic maps and
performing calculations for different parameters.
The LULC (land use and land cover) pattern,
topography (DEM maps), slope (%) and soil
types of the study are depicted in Fig. 2
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Fig. 2. LULC map DEM map, Soil map, and slope map of Chambal basin in Madhya Pradesh

2. METHODOLOGY

The study employed the USLE and RUSLE
models to assess spatially distributed soil
erosion. The USLE, a basic empirical model, is
extensively applied to estimate soil erosion in
croplands with gently sloping terrain. The
RUSLE, on the other hand, in several situations,
including woodland, rangeland, and disturbed
areas. In this example, some parameters have
been enhanced with the updated essential
characteristics [28]. These models calculate the
annual long-term soil loss rate in mass units per
unit area by multiplying six primary parameters in
a raster data format.

The following equation can be used to express
the USLE and RUSLE models:

A=R*K*L*S*C*P 1)

Where, A is the computed soil loss caused by rill
and sheet erosion (t. ha-1. yr-1), R is the rainfall
erosivity factor (MJ.mm.hal.hrl.yrl), and K is the
sail erodibility (t. ha.hr. ha='.MJ-t.mm?), L is the
Slope length factor (unitless), S is the slope
steepness factor (dimensionless), C is the cover
and management factor (unitless), and P is the
Support practice factor (dimensionless). The
conceptual framework for the USLE/RUSLE
model's approximation of soil erosion is depicted

in Fig. 3, and the steps for estimating various
parameters in GIS context by creating thematic
maps of these elements are shown.

2.1 Database Creation for the USLE

Model
2.1.1 Rainfall erosivity factor (R)

Rainfall erosivity(R) is the important variable to
gauge the risk of soil erosion. One of the main
variables used to gauge the risk for erosion is
rainfall erosivity (R). For R factor estimate,
Rambabu et al.'s empirical equation from 1979
was employed.

Data on annual rainfall for the past 20 years
(1998-2018) was gathered in a raster format
from CHIRPS (http://legacy.chg.ucsb.
edu/data/index.html). The CHIRPS dataset was
chosen in this investigation because it has
superior geographical and temporal resolution
and more recent data available than any other
gridded dataset. Planetoid and ground-based
Precipitation observations are combined in the
CHIRPS datasets 29]. The Chirps datasets for
the Indian region have been used in several
research [30].

Applying the raster calculator module of QGIS
and the ensuing formula, the R-factor was
calculated:
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R =228 + 0.64 * AAP )

Where R stands for rainfall erosivity factor and
AAP for average annual precipitation, both in
MJ.mm.ha.1.hr.1.yrl.

2.1.2 Factor of soil erodibility (K)

According to Khan et al. [31], the soil erodibility
factor is a measurement of a given soil's intrinsic
erodibility under the standard conditions of the
unit USLE plot, maintained in continuous fallow
and tilled condition. Using Eg. (3), the K-factor
map was created as follows:

KUSLE = Kw = fcl-si, forgc, fthisand, (©)

Where, fcsand=Factor that raises the K indicator
in soils with minimal sand and decreases it in
soils with high coarse-sand content

For soils with high clay-to-silt ratios, fcl-si stands
for low soil erodibility factors.

fhisand = Factor that decreases K values for
soils with exceptionally high sand content, and
forgc = Factor that lowers K values in soils with
high organic carbon content.

Egs. (4), (5), (6), and (7) can be used to calculate
fcsand, fcl-si, forgc, and fhisand, respectively:

Frsang=(0.2+0.3 exp[-0.256 m, (1- Z24)]) (4)
. 0.3
forsr= () (5)

£ ( 1- 0.25 orgC )
orge = orgC+exp[3.72-2.95 orgC]

] o2
fhisana= (1_ (1_ﬂ)+ exp[—5.51+22.9 (13)]) ()

100 100.

(6)

Where, ms=Sand fraction content (0.05-2.00 mm
diameter), %, msilt=Silt fraction content (0.002-
0.05 mm diameter), %, mc=Clay fraction content
(<0.002 mm diameter),%, and orgC=0rganic
carbon (SOC) content,%.

2.1.3 Topographic Factor (LS)

The slope (S) and slope length (SL) factors
consider topography when calculating how much
soil erosion occurs. To determine the
topographic component, elevation data through a
digital elevation model (DEM) was used. To
create only one topographic factor (LS), the L
and S factors were first calculated independently
[32].

LS was determined by applying the Eg. (8)
provided by Wischmeier and Smith [32]:

LS = (NL*0.305/ 100) * (0.76 + 0.53*S +
0.076*S2) 8)

Where S = Percent land slope, % and L = Field
slope length, meters.

The topographical component was derived using
QGIS's hydraulic tools.

2.1.4 Crop/cover management factor (C)

The cropping management factor (C) is an
estimate of the difference between soil loss from
cultivated land under certain conditions and soil
loss from clean tilled fallow on the same soail,
slope, and rainfall conditions. According to the
sowing and harvesting seasons in the area, this
element reroutes the combined outcome of crop
cover, crop sequence, and yield level, as well as

the length of the growing season, tillage
techniques, residue management, and the
projected temporal distribution of erosive

rainstorms [33].

Values of the C-factor (Table 2) as proposed by
Fernandez and Wu [34] were attributed to the
LULC map in the current investigation. When the
land was continuously bare fallow with no plant
coverage (standard plot condition), the cover
management factor (C) value was 1, and it was
low when there was more vegetation or crop
cover available since the low value led to
reduced soil erosion. According to Fernandez
and Wu [34], the values of C for the forest,
agriculture, grassland, urban, water body, and
barren/wasteland were taken to be 0.001, 0.128,
0.003, 0.030, and 1 correspondingly.

2.1.5 Factor (P) for the conservation/support
practice

The ratio of soil erosion caused by a certain
support practice to the corresponding soil erosion
caused by up-slope and down-slope tillage is the
basic definition of the support practice factor (P).
As in the case of the C-factor for the USLE
model, P-values were given in this study to the
specific class of land use/land cover. The range
of the P-factor value is 0 to 1. Table 2 displays
the conservation/support practice factor (P) for
various land uses and land covers. According to
Fernandez and Wu [34], the P-factor value is
0.92 for agriculture and 1 for all other land use

types.
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Table 2. C and P factor values for different land use types

Sl. No. Land use type C-factor P-factor
1 Forest 0.001 1.00
2. Agriculture/ Natural vegetation 0.128 0.92
3. Grassland 0.003 1.00
4 Urban 0.030 1.00
5 Water body 0 1.00
6 Barren land/wasteland 1.0 1.00

Source: Fernandez and Wu [34]

2.2 Development of Model Database for
RUSLE

2.2.1 Rainfall erosivity factor (R)

The erosivity index and yearly rainfall were used
to estimate the R-factor value for RUSLE, and
Patil et al. (2017) also utilized this method to
measure soil erosion:

Ra =79 +0.363 * Pa 9
where Pa is the yearly rainfall average in
millimeters.

2.2.2 Factor of soil erodibility (K)

The soil map that was acquired from the FAO
website (www.fao.org) was used to create the K-
factor map. The soil map offers details on
permeability, organic content, and textural
properties at various pixel levels. To determine
the soil erodibility, these textural parameters

were entered into the equation (10) proposed by
Adhikary et al. (2014).

100 K = 10 4 *2.7 1*M114*(12-a) + 4.2(b-2) +
3.23(c-3) (10)

Where,

K = K-factor, (t.ha.hr. ha=".MJ~".mm"),

M = Texture from the first 150mm of soil
surface = [(100—-Ac) - (L+Armf)]

Ac = Percent of clay (< 0.002 mm),

L = Percent of silt (0.002—-0.05 mm),

Armf= Percent of very fine sand (0.05-0.1
mm),

a = Percent of organic matter content,

b = Structure of soil (very fine granular=1,
fine granular=2, coarse granular=3, lattic or
massive=4); and

¢ = Permeability of soil (fast=1, fast to
moderately fast=2, moderately fast =3,
moderately fast to slow=4, slow=5, very
slow=6).
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Table 3. Estimated K-factor values of different soil series of chambal basin

SI.  Basin Soil type Area, K-factor b c
No. type % USLE RUSLE (Soil (Soil
structure) permeability)

1. Chambal Clay 7419 0.11 0.11 1 6

Sandy clay loam 14.97 0.15 0.35 3 3

Clay loam 6.64 0.14 0.30 2 4

Sandy loam 2.06 0.16 0.54 3 2

Sandy clay 1.76 0.13 0.20 2 5

2.2.3 (LS) Topographic factor

If all other factors stay constant, the slope length
factor (L) is the ratio of soil loss from a particular
length of slope to land with a 22.12 m length of
slope. If all other factors stay constant, the slope
gradient factor (S) is the ratio of soil loss from a
certain gradient of slope to that from land having
a 9% slope [33]. The topographic factor (LS) is
the combination of the L and S factors.

The following equation was created using the
computed DEM and the topographic factor:

LS = (L / 22)°5* (0.065 + 0.045*S +
0.0065*S?) (11)
Where,

L = Field slope length, m, and
S = Percent land slope.

2.2.4 Crop/cover management factor (C)

The C-factor, which describes situations that can
be regulated the easiest to prevent erosion, is
possibly the most important USLE/RUSLE factor.
The primary biophysical indicator of soil erosion
is the amount of vegetation cover. Using a
seasonal image of 30 meters of resolution from
the Normalized Difference Vegetation Index
(NDVI), the C-factor in RUSLE was calculated.

The estimation of the C-factor utilized the
following equation proposed by Van der et al.
[35]

{_a NDVl}
C=expt 7V (12)

The a- values of 2 and 1, were used in the study,
which produced promising outcomes. According
to Kumar P. et al. (2012), C-factor values for
well-protected soil ranged from 0 to 1 whereas
those for bare soil were 1.

2.2.5 Conservation/ support practice factor

(P)

Concerning the diverse cultivated area on earth,
the support practice factor shows the soil loss
rate. According to Gelagay and Minale [36], the
conservation practice factor for RUSLE is
typically applied to disturbed landscapes and
describes how management techniques including
contouring, strip cropping, and terracing are
utilized to prevent soil erosion. The P-factor
value indicates how effective a conservation
approach is at reducing soil erosion; the lower
the P-factor value, the better the conservation
technique is deemed to be at dropping erosion of
soil. The P-factor value is 1 if no support
practices are present. The P-factor value for
RUSLE in this study ranges between 0.1 to 1.

2.3 Assessment of Annual Soil Erosion
Rate

The annual average soil loss rate (A) occurring
within the entire river basin was calculated using
a combination of the RUSLE and USLE in QGIS
3.4. The QGIS 3.4 program was used to create,
store, and evaluate raster layers of the R, K, LS,
C, and P factors. The potential for simulated soil
erosion for the entire state was calculated using
this combination. Finally, the average yearly soil
loss was calculated using equation (1) on a
grid/cell basis, and the severity of soil erosion
was rated for each grid/cell in the research
region. To comprehend the soil erosion senior of
the studied region, Mondal et al. [19] also used
these erosion categories.

The soil erosion results were validated from the
studies conducted by Djoukbala et al. [37] and
Mondal et al. [19] for an Algerian watershed and
part of the Narmada River basin respectively,
and it was observed that the RUSLE model gives
a more trustworthy results as compared with the
USLE of soil loss. The RUSLE model is regarded
as the reference model for assessment of soil
erosion in the current study because it was
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developed for an area predominately agricultural
[37], uses a revised equation over the USLE
model for soil loss estimation, and uses NDVI
data for this purpose [19].

A study carried done at the Tucson, Arizona-
based Southwest Watershed Research Centre of
the USDA-ARS, demonstrates that the USLE
and RUSLE estimates of soil loss were
comparable for both yearly and average annual
values. Both USLE and RUSLE had a propensity
to underrate soil loss on fields with higher rates
of erosion and overrate soil loss on fields with
lower rates of erosion. According to Rapp et al.
[38], the crop cover and management element in
RUSLE has the biggest impact on estimations of
soil loss.

3. RESULTS AND DISCUSSION
3.1 Basin Characteristics

The Chambal River basin, located in India,
exhibits several fundamental characteristics of
hydrological significance. The Chambal River,
the principal river in this basin, is characterized
by its perennial flow, originating from the
Vindhyan Range. Furthermore, the Chambal
River basin is notable for its unique topography,
featuring steep ravines and gorges, which have
been sculpted by the erosive power of the river
over geological time. These features, along with
their ecological significance, make the Chambal
River basin an essential area for conservation
and research in the field of hydrology and
biodiversity.

Chambal River basin covers a total area of
59,940 km? and travels 965 km within Madhya
Pradesh. From land cover study, it was observed
that the basin area is maximum under agriculture
(82%) followed by grassland (14.95%) in the river
basin as shown in Table 4 and Fig. 4
Topography of entire the basins under Chambal
was further subdivided into three elevation
categories and it was found that the river basin
has a maximum area (90%) under highest
elevation range between 350-1317 meter area.

3.2 Soil Erosion Using USLE

The average precipitation (rainfall) over the study
basin was observed to range between 667.5 mm
to 1167.5 mm and the R-factor ranged from 450
to 770 MJ mm ha-1 hr-1 yr-1. The spatial
variation and distribution of rainfall erosivity of
the basin are depicted in Fig. 5. Decreasing

trend in R-factor was observed from north (770
mm ha-1 hr-1 yr-1) to south (450 mm ha-1 hr-1
yr-1) part of the basin. Soil triangle diagram was
used to identify soil type based on percentage of
sand, silt, and clay. The soil series, area under
soil type, and K-factors values are presented in
Table 3. The lower value of K-factor was found to
be due to presence of shallow and medium deep
soil [39]. The spatial variation of the slope (%)
ranged from 0 to 60 as shown in Fig. 2 and
topographic factor (LS factor) ranged from 0 to
98 across the entire basin for the USLE model
illustrated in Fig. 5.

The C-factor value for USLE model varies from 0
to 1, where the C-factor value is zero for healthy
vegetation or dense forest area whereas for bare
soil is 1. The P-factor value for Chambal basin
ranges from 0.92 to 1.

3.3 Soil Erosion Estimation by Rusle

From the spatial distribution of R-factor from the
RUSLE model (Fig. 6), it was observed that the
values ranged from 242.57 to 358.45 MJ mm ha-
1 hr-1 yr-1 across the entire basin. The higher
soil erodibility value (R-factor) of 0.54 was found
to be in the Chambal basin/northern region and
north-west part of the basin which can be
attributed to the light textured soil found inthis
region (Fig. 3).

The spatial distribution of K-factor, C-factor, LS
factor, and P-factor are shown in Fig. 6. Soll
erodibility was observed to be comparatively
higher in the northern part of the basin than the
southern region. The lowest soil erodibility in
southern region is due to clay soil which is
dominant soil type in this region. In northern
region sandy soil, sandy clay, and clay loam are
found in varying percentages which are more
prone to erosion. The topographic factor (LS)
ranged between 0 to 102.25 across the river
basin for the RUSLE model. The C-factor spatial
distribution map (Fig. 6) was developed using the
relationship between NDVI and C-factor as given
in Eq. 12. The C factor was found to have the
lowest value (0) in the water body, the second
lowest (0.001) forest, and the highest in barren
land/wasteland (1).

3.4 Comparison of Rate of Soil Loss by
Two Models

“Comparing the two models of RUSLE and USLE
shows a similar pattern of soil loss. The USLE
model of soil erosion revealed soil loss of less
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than 5 t. ha?l. yr! (slight erosion) in the major
area (94.67% of area), 20-40 t. ha. yrt (very
high) in 2.03%., 40-80 t. hal. yr! (severe) in
0.33%, greater than 80 t. hal. yr (very severe)
in 0.43% of area of the state. Similar results were
obtained using RUSLE model with the major
portion of the area (94.16% of area) being under
less than 5 t. hal. yr (slight severity) category,
20-40 t. hal. yrt (very high) in 1.15%, 40-80 t.
hal. yri(severe) in 0.76%, greater than 80 t. ha-
1, yri(very severe) in 0.78% of area of the state.
Comparative analysis results of soil loss in the
study area using different soil models are
computed and tabulated in Table 5 and Figure 7.
However, in both cases, soil type, vegetation,
and elevation factors affected the rate of erosion”
[40].

The areas under different categories of soil
erosion viz., moderate, normal, very high,
extreme, and very severe rates were slightly
higher in the RUSLE model than the area
assessed by the USLE model (Table 5). Here,
Table (6) specifies the average value of soil
erosion for the complete basin is 2.0 t/ha/yr. and

3.04 t/halyr for USLE and RUSLE methods,
correspondingly. It can be deciphered from Table
(6) that the USLE model underestimated soil
erosion when compared with the RUSLE model.
Similar results were also reported by Mondal et
al. [19] for the part of the Narmada River basin
where the USLE model underestimated soil
erosion as compared to the RUSLE model.
Kumar et al. [41,42] reported an average annual
soil loss of 1.60 t. hal. yrt in the lower Chambal
basin including Madhya Pradesh and Rajasthan
part [43-45].

The average values for both the methods are
roughly the same. Therefore, in evaluation of
both the models, the designed value of soil loss
of RUSLE model was found to be nearest to the
USLE model value. The soil loss computed by
the RUSLE model is higher than the USLE model
implying the impact of detailed soil information
and NDVI based computation of factors for the
RUSLE model. Hence, from the research study,
it is recommended to prefer RUSLE model on
availability of remote sensing data and soil
information.

Table 4. Characteristics details of chambal river basin

Basin Name  Area (km?) River length  Districts Area under Area under
(within covered land covers, various
state), km % elevation (m)
range, %
Chambal 59940 965 Sheopur, Guna, 15.341 12.412
Rajgarh, 82.772 89.96b
Shajapur, 1.293 0.64¢
Sehore, Agar 0.114
malwa, Ujjain, 0.475

Indore, Ratlam,
Mandsour,
Neemuch

Note: Land cover: 1 Forest, 2 Agriculture, 3 Urban,4 Fallow land, 5 Water body
Elevation: a 70-350 m, b 351-700 m, ¢ 701-1317 m

Natural Urban Barren, 0.41 Grasslands, Water
Vegetation, and \" 14.95 Bodies,
0.31 Built-up 0.42
Lands,
1.30

Croplands,

82.61

= Grasslands Croplands

= Urban and Built-up Lands = Natural Vegetation

Barren = Water Bodies

Fig. 4. Pie chart showing the distribution of vegetation type.
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Spatial map showing R, K, LS, C, and P-factor used in RUSLE models for Chambal basin
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Table 5. Soil erosion rate group in USLE and RUSLE models

S.No. Class (t/halyear) USLE (km?) USLE (%) RUSLE (km?) RUSLE (%)

1. <5 53901.56 94.67 53737.40 94.19

2. 5-10 1160.76 2.03 870.39 1.52

3. 10-20 1006.73 1.76 898.28 1.57

4, 20 - 40 418.30 0.73 658.99 1.15

5. 40-80 188.14 0.33 438.90 0.76

6. >80 260.77 0.45 445.99 0.78
Table 6. Basic measurements

S. No. Method Mean

1. USLE 2.00

2. RUSLE 3.04
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Fig. 7. Soil erosion estimates (t. ha -1. yr-1) by USLE and RUSLE models for Chambal basin.

From the table it is cleared that a major portion of
the basin is degraded by erosion of (<5 t/halyear)
covering area 94.67% and 94.19% using USLE
and RUSLE models, respectively. The
percentage area comes under very sever class
of erosion is 0.45% and 0.78% using USLE and
RUSLE models, respectively. Bhind, Morena,
Shivpuri, Sheopur, Neemach, and Mandsur are
the districts that are facing the problem of severe
soil erosion in the state of Madhya Pradesh [46-
49].

4. CONCLUSION
The study on soil erosion conducted using the

USLE and RUSLE models reveals the spatial
distribution of erosion and identifies regions at

the highest risk. The estimated average annual
soil loss for the basin was 2.0 t. ha?l yr!
according to the USLE model and 3.04 t. ha'. yr-
1 according to the RUSLE model. In the USLE
model, it was found that approximately 53,901.56
km? of the region experienced slight erosion,
primarily in the Chambal basin. However, the
USLE model also indicated that 0.45% of the
area suffered from very severe erosion, 0.33%
from severe erosion, and 0.73% from very high
erosion. Likewise, the RUSLE model showed
higher erosion rates, with 0.78% experiencing
very severe erosion, 0.76% severe erosion, and
1.15% very high erosion. The study concluded
that the most significant soil erosion occurred in
the north-to-northwest margins of the basin,
characterized by low vegetation and light soil.
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Substantial investments would be needed for the
conservation of soil and water resources in areas
with severe to very severe erosion. The USLE
model generally estimated lower soil loss
compared to the RUSLE model, highlighting the
impact of detailed soil data and NDVI-based
factors in the RUSLE model. Therefore, the
RUSLE model can be utilized for long-term soil
loss assessment in agricultural watersheds in
Madhya Pradesh when comprehensive soil
information and remote sensing data are
accessible.
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