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Abstract
A considerable amount of plant supportive top soil removal due to water erosion is a major concern for
the agricultural dependent countries. The district Morena is one such regions, where top soil is a growing
concern for centuries. A huge quantity of soil loss in the region experiences every monsoon season.
Quantifying soil loss is a challenging due to its severely dissected topography. The objective of this study
is to estimate and map the mean annual soil loss as well as sediment yield for different years in most
severely soil erosion affected district of Morena in Madhya Pradesh, India. The Revised Universal Soil
Loss Equation and Sediment Delivery Ratio with Integration of Geospatial Techniques have been applied
using various open sources data to address the objectives. It has been found that soil erosion has been
varied in 1985, 2005 and 2014 respectively. In the year 2005 the soil loss has been reduced compared to
1985, which has been higher again in 2014 (0–66.00 tons/hectors/year in 2005 increased to 0–67.10
tons/hectors/year in 2014), especially when the total wasteland have been reduced substantially, as
wastelands are the major contributing area of jungle in the district. The area seems to be going through
active erosional process which is subsided by the anthropogenic process in a form of ravine land
levelling. The ravine levelled lands are prone to further soil loss in a long run. Therefore, proper
management practice needs to be introduced to prevent further soil loss.

Introduction
Gully and ravine erosion are a well-known problem in semi-arid Chambal region of India which is
responsible for huge soil loss where water born soil erosion is the most prominent types of land
degradation. Quantifying soil loss is a challenging task in this region due to the intricate gully and ravine
networks in the large part of the area.. A signi�cant part of the region is more vulnerable to water induced
soil erosion due to other multiple causal factors, including the nature of landforms (such as rugged
terrains, steep slopes, network of gullies and complex ravine networks), torrential erratic rainfall,
unscienti�c land use practices, particularly agricultural practices, random gully land levelling, steep
slopes and fragile terrain. A considerable amount of plant supportive top soil removal by the water is
responsible for decreasing soil fertility and soil volume loss for centuries. The result is a loss in soil
thickness as well as drop in the organic materials and nutrients.

Soil volume loss commonly occurs due to rainfall. Slope, topography and lack of vegetation cover are
responsible for forming of sheet-erosion, rill and gully-erosion. In the monsoon season, a large volume of
soil is lost or washed away and form gully and ravines, which is one of the most important causes for top
soil loss. Around ~ 16.4 ton/hector soil loss occurs every year in India (Narayana & Babu, 1983). Rill and
gully erosion develop due to the splash erosion in some region (Biswas & Pani, 2015). The study area is
going though severe soil loss for centuries due to the top soil loss mainly by the gully and ravine
development process. The various measures have adopted to prevent further soil loss. Unfortunately, the
loss continuing and ironically some the places the erosion is more, mainly in land levelling sites.
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Therefore, the main objectives of this study were as follows: i. to estimate and map the mean annual soil
loss for three different years since 1985 and

ii. Estimation of Sediment Yield for three different years since 1985.

The attempted method would take care of estimating soil loss over different years where land levelling is
one of the most followed soil loss prevention method of the region. The adopted methods will be used all
these years mark time for identifying the and measuring the soil loss and estimate the sediment yield of
the area.

Literature review

There are several methods and techniques developed and tested by the researchers globally for the
assessment of soil erosion and its prediction due to running water. The Universal Soil Loss Equation
(USLE), Revised Universal Soil Loss Equation (RUSLE), is among the common and widely used
techniques. USLE model usually predicts average annual rate of soil based on local rainfall pattern, soil
type, topographical factors, cropping practices, slopes, etc. Several modi�cations have been suggested
for the USLE model to predict soil erosion more e�ciently under various conditions. Estimation of soil
erosion and its spatial distribution have been done using Remote Sensing (RS) and Geographic
Information Systems (GIS) which are suitable for a larger area with reasonably better accuracy. Chambal
Badlands, which occupied a large part of study region, represents a favourable condition for the use of
such methods due to its nature of soil, geomorphology, climate, and by different anthropogenic activities.

As per Chadli, 2016, for estimating soil erosion there are several models and methods available varying
from simple to complex models depends on their necessity for data input and the e�ciency to calculate
soil erosion due to the water. Universal Soil Loss Equation (USLE) (Wischmeier & Smith, 1978). Revised
Universal Soil Loss Equation (RUSLE) (Renard et al., 1997), Modi�ed Universal Soil Loss Equation
(MUSLE) (Sharpley & Williams, 1990) etc are some examples of these empirical models. These are the
models are widely used to estimate soil loss in various topographical as well as different climatic
conditions in the different parts of the world (Markose & Jayappa, 2016; Pan & Wen, 2014; Rozos et al.,
2013) In order to evaluate the consequences of water related soil erosion, the RUSLE model have been
used, which is considered to be one of the established methods for the soil erosion (Chadli, 2016;
Mohapatra 2022) in Morocco (Kouli et al., 2009) in Greece (Fagnano et al., 2012) in Italy, and (Ke� et al.,
2012) in Tunisia, etc.

Study area

The study area, Morena district, Madhya Pradesh in Chambal region is known for severe soil loss and low
agricultural productivity and known for its fragile environment for centuries. A substantial portion of the
district is affected by gully and ravine, which is the part of one of the largest Badlands Chambal, in the
world. The study district located in central India, river Chambal and Kunwari, a part of Yamuna river
system is the two main river systems which are considered as the life line of this agriculture dependent
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district. The river Chambal also hosts a large population of different critically endangered aquatic
animals. The study district, as a whole is characterised by a semi-arid climatic condition, with the average
annual rainfall ~ 700 mm with extreme temperature as ~ 3°C in winter months and ~ 48°C in summer
months. There is no such history of forested land in this region. Sandy loam soil, clay soil and sandy soil
are the major soil types which are prone to soil erosion because of low binding capacity and impervious
nature and less susceptible to rainfall. Apart from alluvial plain the linear small ridges and inselbergs are
also common features of this area. The pediment-inselberg complex features are also presence in small
patches. Elevation ranges from 133 to 440 m above mean sea level. Soil loss and sediment yield is one
of the critical global environmental issues in last few decades. People live in such areas are generally
poor and face hardship for livelihoods (Pani 2016; Pani 2017), especially in the degraded lands. The part
of study district is also a less researched region due to the ruggedness and considered one of the remote
area in the country due to the gully-ravine network. Soil erosion by water and low agriculture productivity
is the major concern for the district (Fig. 1).

To make the region sustainable without disturbing environment and social harmony is a biggest
challenge for this district. A proper soil loss documentation and other resources therefore, a very
important aspect of this study.

Materials And Methods
The RUSLE model and SDR method have been applied to ful�l the objective of this study. The models are
designed based on the area and input of the suitable data for soil loss prediction. The universal soil loss
equation (USLE) is an empirically based model proposed by Wischmeier and Smith in 1978. It was the
most widely used model for soil loss estimation. The equation of RUSLE soil erosion estimation
described as,

A = R ∗ K ∗ LS ∗ C ∗ P

Where,

A is the estimated average soil loss in ton/ha/year,

R is the erosivity of rainfall in mj mm/ha h year,

K is the soil erodibility factor in ton ha h/ha mj mm,

LS is the topographic factor integrating slope length and steepness (LS) dimensionless,

C is the cover-management factor, dimensionless, and

P is the support practice factor, dimension.

All the above factors are converted from Polygon to raster form values using the conversion tool of the
Arc tool box in ArcGIS 10.5.
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Rainfall erosivity factor (R): 

The daily rainfall data of the study area has been obtained from the Global Weather Data for SWAT
(GWDS),to calculate the rainfall erosivity (R factor)[1] of the study area. GWDS website allow us to
download daily CFSR (Climatic Forecast System Reanalysis) data for a given location, therefore, the daily
rainfall data of the study area were collected from six weather stations (Table1), located within the
district. In total of 20 years of rainfall data (from 1980-2000) are used for the 1985 rainfall erosivity map,
and for the 2005 and 2014 maps, the rainfall data used are from 1998 to 2014, a total of 17 years’ data. 

The average annual rainfall (mean annual precipitation) of each weather stations of the study area was
calculated (Table 1) to generate the rainfall erosivity (R factor) map.

Table 1
Annual Mean Precipitation (mm) of Morena District, (Duration of Rainfall Years1980-2014)

Stations Latitude Longitude Elevation Annual Mean
Precipitation (mm)
(For 1985 R-factor
map)

(Rainfall data 1980–
2000)

Annual Mean
Precipitation (mm) (For
2005 & 2014 R-factor
map)

(Rainfall Data 1998–
2014)

1 77°29'E 26°22’N 185 780.41 782.76

2 77°30'E 26°4'N 265 826.73 843.92

3 77°48’E 26°23'N 185 853.18 860.54

4 78°7'E 26°23'N 193 927.99 933.89

5 78°7'E 26°41'N 137 953.64 949.92

6 78°26'E 26°41'N 151 962.87 976.53

The average annual station wise rainfall data (Table 1) are converted into shape�le point data in
ArcGIS10.5. Than using the IDW tool (Interpolates a raster surface from points using an Inverse Distance
Weighted (IDW)) of the Arc tool box in ArcGIS 10.5, the shape�le (vector) point rainfall data of the study
area are converted into raster format. Now, each pixel of the raster data of the district represents the
mean annual rainfall value or Average Annual Precipitation (AAP) value of the district.

The rainfall erosivity map (R-factor) map of the study area has been calculated using the empirical
equation developed by Singh (1981). This equation is applicable for the entire country. The equation to
calculation the Rainfall erosivity (R factor) can be expressed as follows:

R = 79 + 0.363 ∗ AAP(AverageAnnualPrecipitation)

The values of R-factor of the study area are shown in Table 2.
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Table 2
Rainfall Erosivity Factor of Morena District (R factor)
Stations R factor (1985) R-factor (2005 & 2014)

1 362.29 363.14

2 374.24 377.20

3 385.67 391.27

4 402.03 405.34

5 417.87 419.41

6 428.52 433.48

Soil erodibility factor (K): 

The FAO-UNESCO (Food and Agriculture Organization) Soil Map of the World has been used to
understand the textural information of soil in the study area. FAO-UNESCO provides Digitized Soil Map of
the World (DSMW), at 1:5,000,000 scales, is in the geographic projection. This DSMW data set is linked to
commonly used soil parameters, namely, sand, silt, clay, organic carbon, pH, water storage capacity, soil
depth, cation exchange capacity of the soil and the clay fraction, total exchangeable nutrients etc. The
FAO DSMW data permits soil and its associated con�gurations to be displayed or queried in terms of
user-selected soil parameters, and it postulates a geographical tool to query and visualise the database
(Chadli, 2016).The soil map of the study area was extracted using the clip tool in ArcGIS 10.Soil map of
the study area was classi�ed into three soil texture group namely Eutric Cambisols (BE), Chromic Luvisols
(LC), and Lithosols (I).

In the study area to calculation of the K factor, Wiliams (1995) equation has been used. The following
equation for estimating KUSLE values is given by Williams’ (1995):

KUSLE = Kw =fcsand ∙ fcl−si ∙ forgc ∙ fhisand

Where,

fcsand is a factor, that lowers the K indicator in soils with high coarse-sand content and higher for soils
with little sand; fcl−si gives low soil erodibility factors for soils with high clay-to-silt ratios; forgc reduces
K values in soils with high organic carbon content, while fhisand lowers K values for soils with extremely

high sand content:

fcsand = 0.2 + 0.3 ∙ exp − 0.256 ∙ ms ∙ 1 −
mslit
100( [ ( ) ] )
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fcl−si =
mslit

mc − mslit

0.3

forgc = 1 −
0.25 ∙ orgC

orgC + exp[3.72 − 2.95 ∙ orgC]

fhisand = 1 −

0.7 1 −
ms
100

1 −
ms
100 + exp − 5.51 + 22.9 ∙ 1 −

ms
100

Where

ms = the sand fraction content (0.05-2.00 mm diameter) [%];

mslit = the slit fraction content (0.002–0.05 mm diameter) [%];

mc = the clay fraction content (< 0.002 mm diameter) [%];

orgC = the organic carbon (SOC) content [%].

The assumptions used to calculate Kw and Kws values are presented in Table 3.

Parameters of model micro-plot, assumed in the estimation of KUSLE in simulated conditions (Kd): Lhill
=2m, αhill=6o, CUSLE= 1, PUSLE=1.

The K factor of each soil texture group of the district has been calculated using this William’s formula and
the K values of district soil are presented in Table 3.

Table 3
Soil K Factor values of Morena

District
Dominant Soils K value

EutricCambisols 0.154

Chromic Luvisols (LC) 0.142

Lithosols (I) 0.134

Topography LS factor: 

( )
( )

( ( )
( ( ) [ ( ) ] ) )
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The slope length factors (L) and slope steepness factors (S) are considered as topographic factor. The
ASTER DEM (2013) (30 m resolution)[2] has been used to generate the LS factor. The slope of the study
area has been calculated from ASTER DEM using the Slope tool of the spatial analysis tools in ArcGIS
10.5and the slope map has been prepared.

The LS-factor was computed by the help of the Raster Calculation tool of Spatial analyst extension in
ArcGIS 10.5, using the following the Eq. (1), proposed by Moore & Burch, 1972).The computation of LS
requires factors such as �ow accumulation and slope steepness.

LS = (flowaccumulation ∗ cellsize/22.13)0.4 ∗ (sinslope/0.0896)1.3

1
……....

Where, �ow accumulation denotes the accumulated upslope contributing area for a given cell, LS = 
combined slope length and slope steepness factor, cell size = size of grid cell and sin slope = slope degree
value in sin (Prasannakumar et al., 2012).

Land Use Land Cover (LU LC) of the Study Region

The land use and land cover datasets for the present study area has been used the decadal land use and
land cover classi�cation across India (Roy et al., 2016) This data set provides land use and land cover
(LULC) classi�cation products at 100-m resolution for India at decadal intervals for 1985, 1995 and
2005.The used data procured and interpreted from various sources of Landsat series like Landsat 4 and
5 Thematic Mapper (TM), Enhanced Thematic Mapper Plus (ETM+), and Multispectral (MSS) data along
with Indian Remote Sensing satellites (IRS) Resourcesat Linear Imaging Self-Scanning Sensor-1 and III
(LISS-I, LISS-III) data. The interpreted data were veri�ed with ground truth surveys, and visual
interpretation also opted for the analysis. The data also were classi�ed based on International
Geosphere-Biosphere Programme (IGBP) classi�cation scheme[3].

The land use land cover data of the study area extracted from the decadal land use data of India for the
year 1985 and 2005.The extracted land use data of the study are classi�ed in nine land use categories for
the year 1985 and the land use class classi�ed in ten land use categories for year 2005. The land use
data is classi�ed into eight categories for the year 2014. The land use classes of the Morena district have
been identi�ed as water bodies, deciduous forest, mixed forest, scrub land, plantation, crop land, fallow
land, barren land, waste land and built up land respectively. Table 4 showing the land use land cover
classes of the study area for the year 1985, 2005 and 2014, and Figure 2, shows the decadal (year 1985,
2005, and 2014), land use and land cover of the study district. 

Table 4 Land Use and Land Cover of the Study Region, Year 1985, 2005, and 2014
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Sl.
No

 

Land Use
Classes

1985 2005 2014

Area (sq
km)

Area % Area (sq
km)

Area % Area (sq
km)

Area %

1 Water bodies 125.68 2.52 111.18 2.23 53.49 1.05

2 Deciduous
forest

385.53 7.72 295.27 5.91 873.34 17.93

3 Mixed forest 604.97 12.12 644.49 12.91

4 Scrub land 243.54 4.88 195.22 3.91

5 Plantation Nill Nill 1.05 0.02

6 Crop land 2675.59 53.61 2876.13 57.60 2412.14 48.10

7 Fallow land 94.05 1.88 220.72 4.42 335.24 8.07

8 Barren land 0.71 0.02 0.27 0.01 85.33 1.61

9 Waste land 852.52 17.08 629.44 12.61 1100.52 22.62

10 Built up land 8.69 0.17 19.43 0.39 33.70 0.67

Total Area 4991.28 100.00 4993.20 100.00 4993.76 100.00

Crop management C factor:

Surface cover management is a key factor in soil erosion estimation model; which shows how land
cropping and surface vegetation management affect surface soil erosion rate (Renard et al.,
1997).Surface covers defend the high intensity of rainfall and protect the soil surface. Hence, surface
cover management factor (C-factor) de�ned as the ratio in between soil loss from the clean tilled land
and soil loss from agricultural cropland (Wischmeier & Smith, 1978). In the RUSLE model, the C-factor is
considered as the value of 0 to 1, which is based on the land surface features. The value near or above to
1, indicates the barren land, water bodies, where the value near to 0 denotes the dense vegetation.

The value of the C factor can be taken from the USLE guide handbook, or it can be understood through
the extensive �eld observation. NDVI (Normalized Deviation Vegetation Index) calculation is another
method that helps to understand the cover management of the area. In the present study the values of C-
factor are derived from the USLE handbook and various literature reviews (Table 5).

Conservation support and practice factor (P):

Conservation support and practice factor (P) is de�ned as the ratio between soil loss in topographic
tillage slope and soil loss under conservation support condition (Renard et al., 1997).Land support
practice including contour farming, strip cropping, and land terracing reduces the soil erosion rates and
conserving the soil's qualitative characteristics.
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P-factor value in the RUSLE model varies from 0 to 1. 0 implies that the area introduced by perfect
conservation practice, including built-up land, plantation area, contour cropping. Where, 1 indicates to the
area which has no support practice (Ebrahimzadeh et al., 2018; Prasannakumar et al., 2012). In the study
area, the value of P factor of each land features ware taken from the previous literature Table 5.

Table 5
Morena District Land Use C and P factor

Land Use Classes C factor P factor Sources

Waterbodies 0 0 (Wischmeier & Smith, 1978)

Deciduous forest 0.4 1 (Wischmeier & Smith, 1978)

Mixed forest 0 1 (Renard et al., 1997)

Scrub land 0.01 1 (Prasannakumar et al., 2012)

Plantations 0.5 0.5 (Prasannakumar et al., 2012)

Crop land 0.28 0.5 (Biswas & Pani, 2015)

Fallow land 1 0.9 (Pandey et al., 2007)

Barren land 1 1 (Biswas & Pani, 2015)

Waste land 0.18 1 (Pandey et al., 2007)

Built up land 1 0 (Wischmeier & Smith, 1978)

[1] Global weather data for SWAT (GWDS) (https://globalweather.tamu.edu/), (The daily CFSR (Climate
Forecast System Reanalysis) data(precipitation, wind, relative humidity, and solar) over the 36 years
(1979-2014) for a given location and time period.

[2]Downloaded from Earth data search (https://search.earthdata.nasa.gov/search).

[3](https://daac.ornl.gov/VEGETATION/guides/Decadal_LULC_India.html).

Result And Discussion

Estimation and Spatial Distribution of Soil Erosion in the
Study Area
Soil erosion is a major concern for many countries including India. Soil erosion of any region is affected
by various types of physical as well as social factors. Physical factors that may be considered are
geology, lithology, soil texture, elevation, slope, rainfall, wind velocity, etc. whereas the other factors are
the land use land cover of the area (settlement, agriculture), crop practice factor, etc. At the regional level,
the factors which affected to the soil erosion are varied.

https://globalweather.tamu.edu/
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The present study area Morena District, Madhya Pradesh, is one of the severely soil erosion affected
districts in the Chambal basin. Therefore, the main focus of this research is, to determine the rate of
potential soil erosion over time, i.e., to estimate the decadal soil loss in the study district.

The standard equation to estimate the soil erosion of any region is the Universal Soil Loss Equation
(USLE). However, this standard equation to estimate soil erosion is not suitable equally for all the region.
The USLE model for soil loss estimation is not suitable to apply in a low rainfall region. Therefore, RUSLE
equation seems to be appropriate for soil erosion modelling. RUSLE is the modi�ed version of USLE
equation. Here in the RUSLE, along with the USLE factors, other factors which also have a signi�cant role
in soil erosion analysis can be added.

In the present study, the RUSLE equation has been used to analyse the potential soil erosion along with a
comparison of the study district to analyse the changes in soil erosion in different years (1985, 2005 and
2014). In the Fig. 2.1 shows the land use and land cover map of the Morena district of the year 1985, and
Fig. 3.1shows the potential soil erosion in the Morena district of 1985. If both the land use, land cover,
and the soil loss map of the study area compared then it is quite evident that most of the soil loss in the
study area signi�cantly associated with the wasteland and fallow land of the area which are mainly gully
and ravines along with the Chambal River and Kunwari River. The potential soil erosion map (Fig. 3.1)
shows that the ranged of soil loss of the study area in the year 1985 was from 0 to 66.33
tons/hectors/year. This range of soil erosion is classi�ed into �ve categories such as very low, low,
moderate, high, very high, respectively. Table 6.1shows the percentage of the area covered by the soil
erosion categories in the study area. Here the maximum part of the area in the district consists of very
low erosion categories (84.92%), where the area of the very high soil erosion is only 5.87%, similarly the
high soil erosion is covered 2.87% of the area, moderate soil erosion covered 2.58%, and the low soil
erosion covered 3.76% of the area, respectively (Table 6.1). The soil erosion map of 1985 of the study
area (Fig. 3.1) shows that very high soil erosion areas mostly associated with the head ward part or the
northern part of the district along the rivers of Chambal and Kunwari. It is because the Rainfall erosivity
factor showing very high in the northern side due to high rainfall (Fig. 3.1) along with the soil texture
which is also an essential factor for contributing erosion; In the northern part of the district the soil texture
has classi�ed as Eutric cambisols soil. Cambisol, is one of the 30 soil groups in the classi�cation system
according to the Food and Agriculture Organisation (FAO),. Cambisols are characterized by the absence
of a layer of accumulated clay, humus, soluble salts, or iron and aluminium oxides. The nature of horizon
differentiation is weak in cambisols soil. Further, the area of waste land is maximum in the northern part,
so that the amount of soil loss in head-ward part of the district is maximum. The northern, north-eastern
and western parts of the district are associated with soil erosion, whereas the southern, southeast and the
central parts of the districts are characterised by low soil erosion because this part of the district covered
by the dense forest, and agricultural �eld, and introduced by low rainfall (Fig. 3.1). However, the area gets
su�cient time to in�ltrate during rainfall and the rate of surface runoff is low, and therefore, the loss of
soil also less.



Page 12/27

The potential soil erosion condition in the Morena district of the year 2005 is shown in the Fig. 3.2. The
landscape evolution processes are continuous and dynamic. The percentage of land use and land cover
of the Morena district has signi�cantly changed from 1985 to 2005(Table 4). The percentage of
wasteland and barren land in the Morena district has decreased, and the area of the cropland has
increased by 57.60% in the year 2005(Table 4). Therefore, the rate of soil erosion has also changed
noticeably during 1985 to 2005.

The range of potential soil erosion in the Morena district of the year 2005 was from 0–66.00
tons/hectors/year. The soil erosion map of 2005 is classi�ed into �ve classes, viz. very low, low,
moderate, high, and very high (Table 6.2). Table 6.2shows the very high soil erosion in the Morena district
on the year 2005 which was covered only 2.66% of the area, where very low soil erosion covered 85.61%
of the area, similar way the low soil erosion covers 4.67%, moderate erosion covers 2.43%, and high soil
erosion covers 4.63% of area respectively (Table 6.2).The important aspect is that the area of high soil
erosion (4.63%) is greater than the area of very high soil erosion (2.66%). The rate of soil loss in the year
2005 has decreased compared to that in 1985.

Further, the potential soil erosion has also been analysed in the Morena district of the year 2014(Fig. 3.3).
Here, it has been observed that the rate of soil erosion is much higher in the year 2014. The potential soil
erosion ranged from 0–67.10 tons/hectors/year. The Very High soil erosion covered 8.40 % of the area,
where the rate of very low soil erosion covered 80.86 % of the area. (Table 6.3).The percentage of land
use and land cover features of the district inthe year 2014 has been illustrated in Table 4.. The percentage
of the wasteland (22.62 %) and the fallow land (8.07 %) in the year 2014 has signi�cantly increased, and
the area of cropland has decreased (48.10 %).Hence, it can be inferred that the rate of soil erosion in 2014
has further increased, possibly due to the increase of the wasteland and fallow land, which also occupied
in the central part of the district(Fig. 3.3).In the central part of the district, the high soil erosion is
associated with the Kunwari river banks and its beds. During �eld surveys it has been observed that the
area consists of Badlands for years that were substantially modi�ed due to the fast ravine land levelling
in the last few decades (Plate 5A).The ravine land had levelled for agriculture practice using earth
removers and power tiller machines. During ravine reclamation investigation by the author it has been
found that around 600 km2 areas have been levelled in the entire valley since 1974 to 2014. Due to the
rainfed agriculture practice of the region, most of the levelled land could not be fully utilised. Apart from
this, the maintenance of the levelled land is a costly affair for the farmer; it requires regular land �lling,
bunding and other measures to prevent soil loss. Therefore, the area under wasteland and fallow land
has been increasing for the last couple of decades. The reasons for very high soil erosion in the year
2014 might be the high rainfall erosivity, poor crop practice, the increase of wasteland and fallow land in
the study area.
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Table 6.1
Potential Soil Erosion of the Year 1985

Potential Soil Erosion 1985(t/ha/yr) Area (km2) Area % Erosion Condition

0-13.26 4233.16 84.92 Very law

13.26–26.53 187.55 3.76 Low

26.53–39.80 128.51 2.58 Moderate

39.80-53.07 142.87 2.87 High

53.07–66.33 292.65 5.87 Very high

Total 4991.28 100.00 Total

Table 6.2
Potential Soil Erosion of the Year 2005

Potential Soil Erosion 2005 (t/ha/yr) Area (km2) Area % Erosion Condition

0–13.20 4270.19 85.61 Very low

13.20–26.40 232.75 4.67 Low

26.40–39.60 121.41 2.43 Moderate

39.60–52.80 230.99 4.63 High

52.80–66.00 132.44 2.66 Very high

Total 4993.2 100.00 Total

Table 6.3
Potential Soil Erosion of the Year 2014

Potential Soil Erosion 2014 (t/ha/yr) Area (km2) Area % Erosion Condition

0–13.42 4034.09 80.86 Very low

13.42–26.84 164.53 3.30 Low

26.84–40.26 181.25 3.63 Moderate

40.26–53.68 190.17 3.81 High

53.68–67.10 419.08 8.40 Very high

Total 4993.76 100.00 Total

Comparison of Studies on the Land Use and Land cover Changes and the Rate of Potential Soil Erosion
of year 1985, 2005 and 2014
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Land use and land cover is a speci�c feature which re�ects human behaviour of that particular region. In
the study district, the soil erosion scenario indifferent years, 1985, 2005, and 2014has been analysed. The
soil erosion in those periods has signi�cantly been affected by the land use and land cover changes and
the changes of rainfall. From 1985, the percentage of built-up land has continuously increased from 0.17
% to 0.39 % in the year 2005 and to 0.67 % of the area in the year 2014. Similarly, the change of cropland
is also signi�cant in between 1985 to 2014. The percentage of cropland in the year 1985 was 53.61 %,
whereas it has increased in 2005 to57.60 % of the area. Earlier studies showed that random land levelling
is the major process behind this (Marzolf and Pani 2018; Pani 2016, 2017). However, in the year 2014, the
cropland of the study area has got reduced, and the area covered by the cropland in the year 2014 is
48.10 % because of the middle part of the district occupied by the wasteland along with the river Kunwari,
. Similarly, the area of wasteland was 17.08 % in 1985, 12.61 % in the year 2005, and 22.62 % in the year
2014 (Table 7.1).As a result, it is clear that the levelled ravine lands will not be suitable for agriculture for
a long time.. Particularly, if such land is left untreated for an extended period of time, it is likely to revert to
gully in a few years (Plate 5.B) (Pani, 2017) (Pani 2017;Pani 2020)[4]. The land use land cover features
have changed in its maximum in the year 2014.The rate of soil erosion in the study area has also
�uctuated in different years (Table7.2). The total soil loss was 0-66.33 tons/ heaters/year in the year
1985, whereas the rate of soil erosion was 0-66.00 tons/hectors/year in the year 2005. The soil erosion in
2014 was estimated to be 0-67.10 tons/hectors/year. The highest rate of soil erosion was in the year
2014, whereas the rate of soil erosion was minimum in the year 2005. 

The range of soil erosion has been classi�ed into �ve categories viz. very low, low, moderate, high, and
very high. It is clearly seen that in the year 1985, 5.87 % of the area was associated with very high soil
erosion; these percentages of soil loss in year 2005 had decreased, and as well as the area under by very
high erosion that was 2.66, % (Table 7.2). The rate of soil erosion had decreased due to the changes of
land use and land cover as well as changes of rainfall erosivity factor.  Later, in the year 2014, the area
under very high erosion has increased to 8.40 %. It is because, in the year 2014, the area under wasteland
and fallow land was the maximum, and it occupied by the middle portion and northern part of the district
along with Chambal and Kunwari River. The area of very low soil erosion in the year 2014 was 80.86%,
whereas in the year 2005, it was 85.61 %, and in 1985, the area of very low soil erosion was 84.92 %.The
lowest soil erosion of the Morena District was in the year 2005, where the highest soil erosion has in the
year 2014(Table 7.2).People in the area reported that the cost of agriculture in the levelled land is
high (Pani, 2020) and the irrigation facility is no longer consistent and has got reduced over the years.
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Table 7.1
Land Use and Land Cover Classes of the Study Area in Different Years

Sl.
No

LULC Classes
1985

Area % LULC Classes
2005

Area % LULC Classes
2014

Area %

1 Water bodies 2.52 Water bodies 2.23 Water bodies 1.05

2 Deciduous forest 7.72 Deciduous forest 5.91 Sparse
vegetations

17.93

3 Mixed forest 12.12 Mixed forest 12.91

4 Scrub land 4.88 Scrub land 3.91

5 Plantation Nill Plantation 0.02

6 Crop land 53.61 Crop land 57.60 Crop land 48.10

7 Fallow land 1.88 Fallow land 4.42 Fallow land 8.07

8 Barren land 0.02 Barren land 0.01 Barren land 1.61

9 Waste land 17.08 Waste land 12.61 Waste land 22.62

10 Built up land 0.17 Built up land 0.39 Built up land 0.67

Total 100.00   100.00   100.00

Table 7.2
Potential Rate of Soil Erosion in the Study Area in Different Years

Soil
Erosion
Index

Potential Soil
Erosion (t
/ha/yr) 1985

Area % Potential Soil
Erosion (t
/ha/yr) 2005

Area % Potential
Soil Erosion
(t /ha/yr)
2014

Area % Erosion
Condition

1 0–13.26 84.92 0–13.20 85.61 0–13.42 80.86 Very low

2 13.27–26.53 3.76 13.20–26.40 4.67 13.42–
26.84

3.30 Low

3 26.53–39.80 2.58 26.40–39.60 2.43 26.84–
40.26

3.63 Moderate

4 39.80–53.07 2.87 39.60–52.80 4.63 40.26–
53.68

3.81 High

5 53.07–66.33 5.87 52.80–66.00 2.66 53.68–
67.10

8.40 Very high

    100.00   100.00   100.00  

Estimation of Sediment Yield Using the Sediment Delivery Ratio Method (SDR)

Sediment yield is the portion of gross eroded soil that is not deposited into the watershed while being
transported to the watershed or catchment outlet that reaches the downstream area (Ebrahimzadeh et al.,
2018). The portion of sediment that eroded from the soil due to the various factors and reached to the
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down slope of the area or to the outlet point of the catchment is known as sediment yield. The process of
sediment yield is complex and dynamic and it plays a signi�cant role in nutrition cycle. In the present
day’s sediment yield is a signi�cant problem, most of the nutrition and organic material of the soil can
�ow through the sediment yield, and wasted. Hence, it is essential to estimate the rate of soil erosion and
sediment yield of the area, along with determining the high soil loss risk-prone area. This estimation will
be used for better land management and land conservations.

To estimate the sediment yield of any region, various types of erosion and runoff models have been
developed, such as the SWAT (Soil and Water Analysis Tools) model, HSPF (Hydrological Simulation
Program Fortran) model, SDR (Sediment Delivery Ratio) method etc. It is possible to estimate the
sediment yield appropriately using remote sensing data and GIS along with the model equation.

In the present study to estimate the rate of sediment yield, the RUSLE soil loss equation model, along with
the Sediment Delivery Ratio (SDR) method, has been implied. Sediment Delivery Ratio (SDR) is the ratio
between sediment yield of the area and average gross soil erosion of the area. Here, it is important to say
that, RUSLE model is basically used to estimate the rate of soil erosion and indicated the high soil risk
zone. But we can’t calculate the proportion of sediment yield directly from the RUSLE model. Therefore, to
estimate the rate of sediment yield of the area, we have applied the sediment delivery ratio (SDR) method.
The equation of sediment yield calculation is shown as follows:

SY = SDR × M

1
................

Where, SY = Sediment yield, SDR = Sediment delivery ratio

M = Mean gross soil erosion

Applying the Eq. 1 with the help of sediment delivery ratio and the average soil erosion we can calculate
the sediment yield of the area. Here, the amounts of soil erosion of the study areas have been calculated
by using the RUSLE equation, in three different periods respectively. Table 8shows the minimum,
maximum, mean, and standard deviation values of annual soil erosion of Morena district in different
periods. The annual mean soil erosion was highest in the year 2014, and lowest in the year 2005. These
mean values of soil erosion will help to estimate the rate of sediment yield for three different periods.

Table 8
Statistical Parameters of Annual Soil Erosion

Annual soil erosion Minimum value Maximum value Mean Standard deviation

Annual soil erosion 1985 0.00 66.33 9.92 16.21

Annual soil erosion 2005 0.00 66.00 9.09 13.65

Annual soil erosion 2014 0.00 67.10 11.95 18.54
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Now, to calculate the Sediment Yield (SY) of the study district with the help of SDR method, we need to
know value of SDR of the study district.

According to correlation analyses in previous studies, the SDR parameter is chie�y related to study area
size (Ouyang & Bartholic, 1997; Renfro, 1975; Vanoni, 1975) The value of the sediment delivery ratio will
decrease in the larger area and increases with the small area (Ouyang & Bartholic, 1997). Here it is an
inverse relationship between sediment delivery ratio and the size of the area., There is a possibility that
sediment will be trapped in nearby water bodies and reducing the sediment to the catchment outlet point
due to the large size of the area. Where, in a small watershed, this possibility is minimum and a large
amount of sediment going down to the downstream area. This relationship between SDR and study area
size is de�ned as the SDR curve (Renfro, 1975; Vanoni, 1975). SDR curves technique based on the
watershed size have been suggested by various studies. SDR curve technique has been widely used by
many researchers and scientists due to the simplicity and availability of required data, (Ebrahimzadeh et
al., 2018).

To calculate the SDR of the study area, Renfro (1975), empirical equation has been used. The equation
can be expressed as follows:

Log(SDR) = 1.7935 − 0.14191log(A)

2
...................

Where, A is the area in sq km

Applying the Eq. 2 the value of SDR of the study area has been computed and its shows 0.19 (19%). The
value of SDR is constant for three different years (1985, 2005 and 2014) because the value of SDR is
related to the size of the study area.

The rate of sediment yield has been calculated following Eq. 1 along with derived SDR value and annual
average soil erosion rate (Table 8) of the study area.

Table 9 shows the rate of sediment yield of the area in three different periods, also the total volume of
sediment yield of the study area. The total volume of sediment yield of different periods (1985,2005 and
2014) have been calculated by multiplying the value of SDR with the total volume of soil erosion of each
period respectively. Here, we can see that the rate of sediment yields directly related with the rate of soil
erosion. The maximum amount of soil erosion considers as the maximum amount of sediment yield and
the minimum amount of soil erosion considers as the minimum amount of sediment yield. In the year
2014, the rate of soil erosion was highest; wherein 2005 the average rate of soil erosion was lowest, so
the rate of sediment yield was highest in 2014, and lowest in the year 2005 respectively.



Page 18/27

Table 9
Average Rate of Soil Erosion, Sediment Delivery Ratio (Value), and Sediment Yield

Years Average
rate of
soil

erosion
(t/ha
year)

Total volume of
soil erosion
(t/year)

Sediment
Delivery Ratio
(SDR)

Average rate of
sediment yield (t/ha
year)

Total volume of
sediment yield
(t/year)

1985 9.92 49513497.6 0.19 1.89 9407564.54

2005 9.09 45388188.1 0.19 1.73 8623755.72

2014 11.95 59675432.01 0.19 2.27 11338332.08

Table 9also shows the total volume of soil erosion of the study district in different periods. The total
volume of annual soil erosion of the Morena district was 49,513,497.6 tons/yearin 1985. The total
volume of annual soil loss was 45,388,188.1 tons/year in 2005and in the year 2014, volume of soil loss
was59,675,432.01 tons/year. The total volume of sediment yield is similar way related to soil erosion.
The total volumes of sediment yield in 1985 were 9,407,564.54 tons/year, and average the rate of
sediment yield 1.89 tons/hector/year. Where, in 2005 the rate of sediment yield was 1.73
tons/hector/year, and total volume of sediment yield 8,623,755.72 tons/year. The rate and the amount of
sediment yield is highest in 2014, due high amount of soil erosion, the rate of sediment yield 2.27
tons/hector/year, and the total volume of sediment yield is 11,338,332.08 tons/year in year 2014.

Figure 4.1and Fig. 4.2 shows the rate of soil erosion and the rate of sediment yield in three different
periods of Morena district.

[4] Please see Chapter 5, for an elaborate discussion on this issue.

Conclusion
This paper examines the capability of a modi�ed RUSLE/SDR method along with the geospatial
techniques to evaluate annual soil loss soil erosion and sediment yield for different years in severely
ravine affected Morena district in Chambal region. The study successfully demonstrated the usefulness
of the RUSLE and SDR methods for quantifying the soil loss in this unchecked area where check of soil
loss becomes an urgent need to prevent the loss of further natural resources and to maintain the river
health of the study area.

The change of ravine scenario, especially the ravine land which are converted to mass agricultural land
and visible disappear are at �rst intense giving the pseudo understanding about the landscape which are
correctly measured by the remote sensing analysis as the its capacity for the measurements provide
uniform result over large inaccessible areas along with its consistent and constant re-examine capacity.
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Moreover, combined geospatial techniques along with conventional �eld analysis are very effective in the
estimation and assessment of soil erosion of such rugged inaccessible terrain because modelling can be
enabled by offering data which will be helpful to implement some measures to improve and control
further degradation of the degraded environments without losing much time.
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Figures

Figure 1

Location map of the study area (Morena District), Chambal River �owing from S-W to N-E direction acts
as a northern boundary of the district Morena. Kunwari river, a tributary of Sindh river, �owing parallel to
the Chambal river. Both the river banks affected by severe gullies and ravine. The brownish yellow colour
is marked to show the Badlands of the Chambal river. The Kunwari river Badlands, showing a clear
pattern of cyan colour in FCC, of gullies and ravines  in both the bank of the river Kunwari.
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Figure 2

Land Use and Land Cover Classes of the Study Region Year 1985(2.1);2005 (2.2),2014(2.3)
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Figure 3

Fig.3.1 Potential Soil Erosion of the Year 1985
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Figure 4

Fig.3.2 Potential Soil Erosion of the Year 2005
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Figure 5

Fig.3.3 Potential Soil Erosion of the Year 2014
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Figure 6

Fig.4.1 Average rate of soil erosion of Morena district

Figure 7

Fig.4.2 Average rate of sediment yield of Morena district



Page 27/27

Figure 8

Plate.5. (A) Mass scale land levelling in the study area for the last one- decade (B) Gully head developed
in the unattended levelled land (C) Erosion is common in gully levelled land due to irrigation  which is
aggravating the soil loss in the region


