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Introduction

In the past few decades, the impacts of soil erosion 
on food production and natural resources have 

increased globally (Prasannakumar et al., 2012; 
Zerihun et al., 2018; Ghafari-Gushe et al., 2018; Fayas 
et al., 2019; Thapa, 2020; Borrelli et al., 2020; Tamiru 
and Wagari, 2021). Specifically, in mountainous 
regions, soil loss results in severe natural hazards, 
such as heavy rainfall episodes, surface/stormwater 

flow on bare-lands that leads to land degradation 
(Ristić et al., 2012; Djoukbala et al., 2018). Pakistan 
being an agricultural country, is facing degradation 
of land, resulting in low crop production (Shah and 
Arshad, 2006). The most significant category of soil 
degradation in overall erosion is viewed as a leading 
factor across the whole agricultural world (Ashraf et 
al., 2000). The elimination of topsoil results in erosion 
caused by the fluvial as well alluvial drainage network, 
ice or wind and badly disturbed agricultural land by 
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influencing water ecosystem, landscape development, 
soil fertility, crop production and environmental 
management (Ashraf et al., 2002; Lal, 2003, 2017; 
Bakker et al., 2005; Zerihun et al., 2018; Ghafari-
Gushe et al., 2018, Abdulkadir et al., 2019). Rainfed 
spatial bands (RSBs) are rigorously affecting improper 
land uses due to erosion, over-grazed scenarios and 
prohibited cutting of connected vegetation and trees 
(Khan et al., 2012). Enhanced land erosion in RSBs 
and the potential agents accountable for this hazard 
including improper land uses to grow incompatible 
crops, overgrazing of livestock in the context of 
rangeland capacity and illegal deforestation (Irshad 
et al., 2007). Regions with higher rainfalls with the 
steepest slopes are commonly vulnerable to fluvial 
erosion, principally in plateau type Potwar region 
(PTPR) (Shah and Arshad, 2006). Soil loss is an acute 
problem in the Potwar region as different contributing 
factors such as terrain and climate conditions increase 
sedimentation and runoff. The investigation site is 
situated at the apex of the most extensive irrigation 
system in the world. Overlooking the phenomenon 
may lead to the distribution of water reduction and 
eventually influence the food water. The areas under 
higher erosion comprise the majority of the steep 
slopes with less vegetal cover. Deforestation, land-use, 
urbanization and variations in other anthropogenic 
activities can considerably add to erosion and gets 
rigorous along steeper slopes (Farhan and Nawaiseh, 
2015). RUSLE was adopted and performed by many 
researchers to predict erosion due to its precision in 
erosion estimation. Because of financial constraints, 
limited practical data and difficulties, a limited ground-
truthing was performed. The rationale behind is the 
non-availability of the requisite data and constraints 
regarding erosion prediction and sedimentation loads 
at a local/regional scale (Anton et al., 2003).

The major parts of PTPR influenced by fluvial 
erosion are Chakwal, Attock, Jhelum and Rawalpindi 
districts, including the Himalayan Mountains of 
Muree formation. A considerable area of the PTPR 
is under the influence of gully erosion, is vertically 
dissected with steep slopes. Piping and slumpings 
with apex erosion are also observed (Farooq et al., 
2007; Julien, 2010; Stanchi et al., 2015). PTPR is 
a significant rain-fed arid zone having water stress 
in the context of underground resources, undulated 
topography with high drainage density that results in 
soil erosion. If this erosion cannot be stopped, it might 
lead to soil degradation and finally to a deserted land. 

PTPR is located at the zenith of River Indus Basin 
(IRB). Regional erosion can generate a tremendous 
quantity of sediments in the barrages that increase 
the siltation process in the already loaded barrages, 
which can further cause devastating floods (Ashraf, 
2017). Regardless of the intensity of this problem and 
connected losses, the geo-spatial datasets for erosion 
evaluation and estimation in PTPR are insufficient. 
Not many appraisals described the erosion-related 
issues that have been performed over a watershed 
scale. Likewise, the spatio-temporal soil erosion 
information is also absent (Nasir et al., 2006). Large-
scale topographic erosion estimation investigations 
are very significant to improve conservation of land, 
agricultural habits and land administration in arid 
regions. This information is essential for sustainable 
land use planners, developers and policymakers. With 
the availability of geomorphic indices, suitability 
and geomorphological mapping, hazard maps for 
urbanization and development of small industries is 
a precondition for land use assessment (Andriyanto 
et al., 2015; Bathrellos et al., 2017). Geospatial 
techniques, particularly GIS and Remote Sensing, 
are considered powerful tools to monitor sustainable 
natural resources and their management. More soil 
erosion (SE) generally followed by a higher rate of 
sedimentary processes in the local wetlands and 
reservoirs may decrease soil productiveness which is a 
serious environmental issue (Fayas et al., 2019). The SE 
processes are affected by bio-physical environmental 
parameters consisting of ground cover, climate, soil, 
terrain and interactions. Significant topographic 
characteristics affecting the process of erosion of 
soil are shape, length, slope and aspect. Impact of 
aspect and slope and show its key contribution in 
the runoff process (Abdo and Salloum, 2017). An 
increase in slope causes enhanced runoff which 
results in reduced infiltration. The pitch generated 
runoff follows its path in nearby areas and leads to 
soil erosion due to an increase in velocity and runoff. 
As a natural process, SE results from the elimination 
of particles from top-soil by wind or water, which 
is transported elsewhere. In contrast, anthropogenic 
activities such as forest conversion and agricultural 
farmings etc., would result in enhanced SE rates. Soil 
erosion is generated by combined parameters (climate 
variations, prolonged dry episodes with subsequent 
intense rainfall), steep slopes, inapt land cover and 
land use patterns (Renschler et al., 1999). Efficient 
modeling gives information regarding the existing 
situation of erosion, permit scenario investigation and 
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its future trends. Substantial efforts have already been 
carried out in developing the various models for SE 
(Nearing et al., 2005; Bashir et al., 2013).

Besides, a detailed quantitative evaluation is required 
to assume on the magnitude and extent of SE issues. 
A coherent administrative policy can be constituted 
in field surveys and ground validations on a regional 
scale. The major issue in the context of models regard-
ing erosion risk is confirmation due to barely available 
datasets to compare the different estimations from 
various models with tangible losses of soil (Lazzari et 
al., 2015; Ghani et al., 2013). Other models of SE deal 
with anecdotal implications. One of standard empir-
ical soil erosion models to estimate the rill and sheet 
erosion is the Universal Soil Loss Equation (USLE), 
developed by) Wischmeier and Smith (1978). Initial-
ly, USLE was mainly designed for the estimation of 
soil erosion in the gentle slope topography of crop-
lands. However, after it was enhanced and was known 
as Revised Universal Soil Loss Equation (RUSLE). 
After, modifications were made, the new index be-
cames to be known as Modified Universal Soil Loss 
Equation (MUSLE) (Wischmeier and Smith, 1978; 
Lee and Lee, 2006).

In general, the USLE model is still prevalent in 
various investigations related to the estimation 
of soil loss. EUROSEM/MIKESHE (European 
Hydrological System or Systeme Hydrologique 
Europeen) are newly developed complete SE models 
with a physically based and designated character. 
Using conventional ways to evaluate SE risk is time-
consuming and expensive. Incorporating available field 
data models soil erosion and data through geographic 
information systems (GIS) remote sensing techniques 
are treated as an advantage for future research (Xu et 
al., 2009).More recently, DEM can also be generated 
by using Light Detection and Ranging (LIDAR) 
( Jones et al. 1996). RUSLE attained widespread 
recognition because it is easy, simply operational 
and requires few time and data ( Jones et al. 1996). 
RUSLE model can estimate potential erosion on 
a pixel-by-pixel basis (Shinde et al., 2010; Oweis, 
2012; Lal, 2017; Djoukbala et al., 2018; Zerihun et 
al., 2018; Ghafari-Gushe et al., 2018; Abdulkadir 
et al., 2019), which is efficient while identifying the 
soil removal’s geospatial pattern recognition present 
within a sizeable topographic section. In the context 
of the aforementioned aspects, the present research 
is based on the following research objectives: (1) to 

implement a technique that corroborates GIS and 
remote sensing with RUSLE to compute geospatial 
dissemination of soil removal at watershed scale; (2) 
to investigate the effect of changes of land cover/land 
use on soil erosion using geospatial techniques and 
(3) to demarcate probability zones of soil erosion 
through overlay technique. 

The Chakwal district (Figure 1) is situated on the 
South-Western side of PTPR, northern Punjab, 
Pakistan. Drainage network spread out their streams 
during rains and engage the entire valley floor. This 
investigation’s major objective is to incorporate 
RUSLE and geo-spatial techniques to evaluate the 
SE in Chakwal basin. The parameters RUSLE model 
has been computed based on land cover, rainfall data, 
soil types and DEM (Table 1). Following techniques 
have been employed in this research and is shown in 
Figure 2. 

Figure 1: Location of study area.

Table 1: Description of data type and its sources.
Data type Source Description
Digital Elevation 
Model (DEM)

 https://earthexplorer.
usgs.gov/

SRTM, 30 m 
resolution

Satellite Image https://earthexplorer.
usgs.gov/

Landsat 8, 30 m 
resolution

Soil Data Land and Water Devel-
opment Division

Soil map for the 
year of 2003

Rainfall Data Pakistan Meteorological 
Department

Rainfall data for a 
period of 8 years

Study area
Geographically, the study area lies in the rainfed 
Potwar region of Punjab-Pakistan (Figure 1). This 
soil loss is estimated by RUSLE model in the district 
Chakwal. The Chakwal district is acutely affected by 

 https://earthexplorer.usgs.gov/
 https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
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SE due to its topographic and soil nature. Chakwal is 
situated in Punjab at 33°40′38″ N latitude 72°51′21″E 
longitude. The yearly rainfall in Chakwal varies from 
460 to 1640 mm, with 65% rainfall in monsoon 
(Cheema and Bastiaanssen, 2012). Numerous 
seasonal tributaries of Soan River in the study area, 
which agreed, follow its northern boundary (Ghani 
et al., 2013). Chakwal watershed is much prone to 
SE, having deep water table, rolling topography 
and compound channel network. Geologically 
Chakwal district can be categorized into different 
types of mountain topographies, rocks, hills, plains, 
weathered rocks, piedmont basins, plains, loess and 
river plains (Ullah et al., 2018). The regional soil is 
developed by the transported materials of wind and 
water. A part of the soil has also been derived from 
shales and sandstone. Generally, the vegetation of the 
study area consists on dry deciduous scrub. Chakwal 
lies in the sub-tropical regions. Chakwal reflects the 
highly variable precipitation pattern that could pose 
the agriculture practices in the area to a high level of 
uncertainty in terms of sustainable crop production. 

 
Figure 2: Flow chart of methodology.

Materials and Methods 

Issues connected with the erosion of soil, deposition 
and movement of sediments in lakes, rivers and 
estuaries continue throughout the geochronological 

ages on the entire earth. However, in recent times 
the condition gets worst with anthropogenic 
interference within the environment. Thus, a viable 
action is to build up the use of empirical models. 
The insufficiency of datasets such as rainfall intensity, 
sediment deposits at smaller gaps (approximately 
< 30 mins) in the investigation site has restricted 
the choice for the collection of data concentrated 
models such as WEPP, USPED and Soil and water 
assessment tool (SWAT). Accordingly, RUSLE was 
chosen and performed in Chakwal district. It needs 
land cover and land use plan that can be produced 
by soil types conservation practices, remote sensing 
images and properties. Another benefit of RUSLE is 
the parameterization that can be coupled with GIS 
for better investigation. 

Figure 3: Rainfall Erosivity factor (a), Soil Types (b), Soil 
Erodibility factor (c) and Topographic LS-Factor (d).

Computation of RUSLE parameters 
This research begins with the extraction of Chakwal 
basin using River tools v2 (river tools is an American 
software that does use Interactive data language 
(IDL). Afterwards, MATLAB was used for the sink 
filling purpose to generate a seamless DEM using 
D8 Then, ArcGIS 10.1 software was used to perform 
computation process for the RUSLE parametrs in 
math Algebra using SRTM DEM (that was originally 
in 1arc sec, I converted it to UTM, then resampled 
to 30m. The fundamental postulation of RUSLE 
is that sediment types from the flow accumulation 
restrict the deposition and detachment. When the 
sediment’s load reaches the transport capacity of the 
flows, detachment does not take place. RUSLE was 
performed to assess soil SE at annual basis. 
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Figure 4: Slope in degrees (a), Cover Management Factor (b), 
Digital Elevation Model (c) and Landuse/Landcover map (d).

RUSLE uses significant contribution values 
commonly available in obtainable datasets. Figure 
4 shows extracted satellite images and DEM. 
Several parameters like slope extracted from LU/
LC from satellite imagery and DEM are thoroughly 
incorporated with RUSLE. Usually, this model may not 
be helpful for larger watersheds (Nearing et al., 2005). 
RUSLE is performed to the Chakwal Basin as grids 
and computing SE for individual cells (Wischmeier 
and Smith, 1978; Shinde et al., 2010; Oweis, 2012; 
Lal, 2017; Djoukbala et al., 2018; Zerihun et al., 2018; 
Ghafari-Gushe et al., 2018; Abdulkadir et al., 2019). 
RUSLE computes average erosion anticipated on 
regional slopes by the following Equation 1. 
  

A = R x K x LS x C x P........ (1)

“A” represents computed spatiotemporal average SE 
in a unit area. The units chosen for K and for time 
preferred for R. R is the index of rainfall-induced 
erosion plus a feature for any important run-off from 
snow-melting. K as SE parameter; L is factor over 
slope-length; S is steepness of slope parameter; C 
is a LU/LC management parameter; P is a support 
practice factor. RUSLE parameters are classified as, 
erodibility, management factors erosivity. 

Rainfall erosivity factor (R)
R factor reveals the impact of rainfall intensity for 
SE and needs complete, constant rain dataset for 
its computation (Wischmeier and Smith, 1978). 
Factor R of peak intensity of rainfall sustained over 
a prolonged period. Preceding appraisals signify that 
soil removal from fields with cultivation is related to 

the intensity and energy and of every rainfall event. 
R value must measure the significance of rainfall 
influence and should reveal the quantity and run-off 
rate connected to the rainfall. R factor is generally 
computed from rainfall intensity data using Equation 
2 and show in Figure 3a.

SE factor (K)
K-factor reveals the soil vulnerability to erosion, 
sediment transport and the amount of run-off rate. 
The K-factor’s standard condition is the unit plot, 
23.5 m longer having 10 % slope gradient, sustained 
in constant fallow, down-slope and tilled up along the 
hill (Kim, 2006). K-factor is calculated on the basis of 
soil texture. K-value reveals the soil removal rate per 
rain-fall-run-off R-factor. K-Factor from Equation 
3 shown in Figure 3c is best attained from directly 
measured on normal run-ff plots. A nomogram is used 
to compute K-factor based on soil texture; % organic 
matter, % sand and % silt plus extremely fine sand, 
permeability and soil configuration (Wischmeier and 
Smith, 1978).

K=27.66xm1.14 x10-8(12-a)+0.0043(b-2)+0.0033(c-3)...... (3)

m= (Silt % + extremely fine sand % * 100  _ clay %); 
a = organic matter %; b= Soil code for its structure, 
code “1” means particulate or extremely structured 
or, code”2” is structured moderately, Code “3” is 
structured somewhat and code “4” means solid, “c” 
means code for profile permeability, rapid belongs to 
code “1”, code “2” is intermediate to rapid, code “3” is 
modest, fair to slow relates to code “4” is, code “5” is 
slow and code “6” means extremely slow.

Chakwal basin comprises changing soil properties. 
K-value was allocated to various soil types based on 
permeability, soil textures and antecedent wetness 
levels of the soil. The soil map shown in Figure 3b 
is again classified with allocated K-values (Figure 4). 
K-value range between 0→1, K-values close to 0 is 
least venerable to soil removal.

Topographic factor (LS) 
The LS represents a ratio of soil removal loss under 
certain conditions to that at a location with the 
“standard” slope steepness of 9-10% and slope length 
of 22-23 m. LS factor is based on two factors: length 
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of slope (L) and steepness (S). L is the consequence 
of length of slope on erosion and is termed as the 
distance from the origin of flow accumulation to a 
point where the slope reaches to an extent where 
deposition starts or run-off water enters a well-
defined channel (Remortel et al., 2001). Consequently, 
the soil removal per unit slope area is increased as the 
length of the slope increases. The S-factor shows the 
effect of the steep slope on erosion. The S-factor show 
big impacts on soil removal than slope length. If the 
slope is steeper, erosion becomes greater. The worst 
erosion is occurring between 35 and 68 degrees of 
slope (Figure 4a).

Consequently, the LS factor is computed using 
Equation 4. LS is the topographical factor; Qa is flow 
grid accumulation; Sg is a percentage slope grid; M is 
Grid size (x * y), y is an exponent that is dimensionless 
and assumes the value of 0.2-0.5. The percentage 
slope map is generated from the SRTM DEM of the 
Chakwal Basin and is given below in Figure 4d. 

Crop management factor (C)
C-factors are significant values for the management 
of crops. As C-factors are unavailable for most of the 
Pakistani crops. Consequently, the C-factors presented 
by (Karaburun, 2010) inserted now have been used to 
signify the consequence of crop management practices 
on soil erosion rates in agricultural fields (Renard 
et al., 1997; Prasannakumar et al., 2012; Zerihun et 
al., 2018; Ghafari-Gushe et al., 2018; Fayas et al., 
2019; Thapa, 2020; Borrelli et al., 2020; Tamiru and 
Wagari, 2021) changes with the system of crop yield 
and season. Seasonal change of C-factor relies on 
management practice, crop types and rainfall. Current 
research assumes annual variation with no sowing in 
(November-April or Rabi season and almost no to 
less rain-fall after October. The comparative effect 
of management practice, can be evaluated with 
variations in the C-factor that changes 0→1 (0 for 
well-protected landcover and 1 for infertile land). 
Therefore, the effect of C-factor over soil detachment 
is not significant when the land use/landcover (LU/
LC) of the investigation site consists of the maximum 
percentage of plantation crops and forest cover. The 
C-factor map shown in Figure 4b was generated 
based on LU/LC map of the investigation site. The 
LU/LC of the Chakwal watershed is classified with 

seven LU/LC classes: Water bodies, built-up-areas, 
wasteland, forest area, agriculture land and bare rocks 
category (Figure 6) based on both ground and image 
information. The Landsat-8/OLI (WRS-150/37 
was processed for RGB+NIR to these seven LU/
LC classes through a supervised image classification 
technique called maximum likelyhood method with 
more than 45 samples with an accuracy of 88 % . This 
technique needs ground validations for every LU/LC 
category was collected both physically in the field, 
The general precision of the supervised scheme of 
classification is 85%. The area related with each LU/
LC classes is computed and C-factors are allocated 
(Table 2) and C-values utilized in this research 
according to (Kim et al., 2005). The LU/LC map was 
re-classified again on the basis of C-value to generate 
the map of C-factor. 

Table 2: K-factor values prepared from soil erosion map.
Sr. No Class name K-Factor
1 Calcareous-loamy-soil 0.32
2 Loamy soil 0.31
3 Calcareous loamy-clayey soil 0.18
4 Continuous soil over mountainous land 0.18
5 Non-calcareous-clayey-soil 0.12
6 Calcareous clayey-soil 0.09
7 Sand dunes-mixed soil 0.04
8 Urban 0.01

Land management factor (P)
The P-factor shows the ratio between soil erosion by 
a support practice and straight-row farming up and 
down the slope and is used to report the positive 
effects of support practices. The P-factor is responsible 
for control practices that decrease the potential of 
run-off by their impact on spatial drainage patterns, 
runoff velocity, run-off concentration and hydraulic 
forces and geometries experienced by run-off on soil. 
The P-factor value ranges from 0→1, the value of 0 
represents land management practices and 1 means 
poor conservation management practice (Figure 5a). 
Because of field data shortage regarding the support 
practices in the Chakwal watershed, so a P-value of 
0.5 was chosen as the investigation site is not covered 
by vegetation.

Delineation of SE susceptible zones
In the RUSLE model context, the topographic factor, 
soil erodibility and rain erosivity are taken as natural 
factors to determine the erosion developments. Jointly, 
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they can be attributed to potential or vulnerable soil 
erosion of the area. (Shit, 2019; Chuenchum et al., 
2020) for identifying and mapping the soil erosion 
vulnerable areas, different thematic maps were 
generated and integrated in the GIS environment 
(Fistikoglu, 2001). Main factors influencing soil 
erosion comprise slope, LU/LC, rainfall amount and 
soil properties. The individual themes were assigned 
different weights in the context of their roles towards 
soil erosion. Feature with maximum vulnerability is 
set highest value and lowest vulnerable feature with 
minimum value. 

Results and Discussion

Rainfall erodibility to avoid similarity index factor (R)
Many researchers (Dabral et al., 2008) discovered 
that soil erosion rates are responsive to rain-fall 
within a catchment. Diurnal rainfall factor is an 
excellent indication of variations in the SE rates to 
describe the seasonal distributions of soil sediments. 
In comparison, the benefits of yearly rainfall have its 
swift accessibility, better regional reliability and simple 
computation (Shinde et al., 2010). Consequently, in 
the current investigation, average yearly (total rainfall 
/ total rainy days) rainfall was incorporated for R 
factor computation (Equation 2). The estimated R 
factor value ranges from 106.6 to 99.8 MJ/mm.ha-

1hr-1/year (Figure 3a). It is observed that rainfall is 
high in NNE region of Chakwal watershed, as shown 
in the R-factor map.

SE factor (K)
The values of K-values were allocated to individual 
soil types to prepare the map for soil erosion (Figure 
3c). K-values range from 0.02-0.3. The low K-value 
is connected to the soils representing low seepage 
capacity and lower content of antecedent moisture.

Topographic factor (LS)
Southeast, the hilly and uplifted areas including salt 
range thrust with higher LS-value that enhances 
in final SE. LS-map (Figure 3d) demonstrates 
the topographic complexity that makes it more 
susceptible for soil loss. The LS-factor stands for the 
control of slope steepness and slope length on erosive 
development. LS-factor was computed by taking the 
slope in percentage and flow accumulation as input 
datasets. This investigation found that LS-value 
increases in a range of 0→1.653 with the increase in 
slope and accumulation of flow. 

Figure 5: Conservation practices (a), soil erosion map (b) and soil 
erosion severity map (c).

Crop management factor (C) 
Land use information allows an improved picture of 
the land consumption characteristic of crops pattern, 
water bodies, forest, fallow land, wasteland and bare 
surface that are essential for studies related to erosion, 
planning and development. Geospatial techniques are 
capable to produce thematics of LU/LC for a given 
region which has been grouped into six LU/LC classes 
(Figure 4d). C-factor values were attributed to various 
LU/LC classes using the values given in Table 3. 
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Table 3: Land use/land cover classes from satellite 
imagery.
Sr. No Class name Area (ha) Area (%)
1 Water 9088.594023 1.41478
2 Urban 18387.32751 2.86227
3 Soil 64178.3049 9.99033
4 Agriculture 154249.3114 24.0113
5 Waste Land 280558.2847 43.6732
6 Bare Rock 94987.71369 14.7863
7 Forest 40954.71056 6.37523

C-factor map (Figure 4b) was prepared using the LU/
LC map and C-factor values’ spatial distribution. In 
this research, the C-factor ranges from 0.001-0.004 
in forested region and 0.45 in barren area. C-factor 
values correspond to the typically used value of 
C-factor for Barren lands/bare soils, i.e., 0.45 and 
while built-up areas is 0.000 (Roose, 1996). 

The GIS investigation is performed to compute Gross 
total of SE which is 702,03 t/yr by RUSLE technique 
(Figure 5b). Forest cover once covered south-eastern 
part of the chakwal watershed has undergone severe 
deforestation, making it vulnerable to rigorous erosion 
(Farhan and Nawaiseh, 2015). First largest contributor 
(Barren land) produces 43% soil loss in the Chakwal 
watershed. This is because of the non-availability of 
small vented dams (“check dams”) made across the 
slopping of chakwal watersheds. Using GIS-based 
classification, the map for soil loss assessment was 
classified again and a map of soil loss severity was 
produced. The map in (Figure 6c) displays the severity 
of soil erosion in the Chakwal watershed into three 
classes on a severity basis, i.e. high, intermediate and 
low erosion (Figure 5c). These classes are extremely 
localized and are based on the experience of local 
expert involved in SE degradation and evaluation 
of land. It is observed that 70.06% of the Chakwal 
watershed falls in the low erosion scenario, 16.51% in 
the intermediate range and 13.44% in highly eroded 
zones of Chakwal watershed. Table 3 presents the 
erosion severity classes, the array of yearly soil loss in 
an individual class and the area under each erosion 
severity classes (ESC).

Table 4 shows the yearly soil erosion in various parts 
of Chakwal district. It is observed that significant 
annual soil erosion occurs in the southern and South-
East of the watershed. The ESC map shown in Figure 
5c reveals that this soil erosion is due to the hilly, 
sloppy areas of the western section of salt range thrust 

and barren areas that are vulnerable to rigorous soil 
loss. Enhanced deforestation and clearing of natural 
vegetation due to human interventions is also a reason 
of higher rate of soil loss in the Chakwal watershed. 
Sediment yield map (SYM) in Figure 6c shows that 
soil loss is maximum in areas with sandy soil, steeper 
slopes and scrub-lands and is as higher as 148 tons/
ha. 

Figure 6: Hypsometric map (a), Spatial auto-correlation map of HI 
values (b) and Sediment yield for Chakwal district (c). 
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Table 4: Categories of soil erosion, area and the amount 
of soil loss.
Erosion categories Numeric Range 

(t/ha/yr)
Area (ha) Area 

%
Low Erosion 0 - 1000 463817.781 70.06
Moderate Erosion 1000 - 10000 109277.897 16.51
High Erosion 10001 - 702030 88948.779 13.44

Table 5: Categories of soil erosion, area and the amount 
of soil loss.
Sr. No. District Total annual soil loss (Millions tons)

1 Chakwal 92.6

Soil erosion shows a close correlation with LU/LC. 
For this reason, Satellite imagery was re-classified 
by reducing forest cover and enhancing agriculture 
land. Changes in agricultural areas were attained 
by evaluating with initially prepared LU/LC map. 
C-factor for the enhanced agricultural land (Table 
3) was retrieved from Landsat satellite imagery. The 
increase in soil loss has arisen because of increase 
in agricultural land and is observed due to the 
agricultural practices like land preparation, tillage and 
ploughing etc. 

Hypsometric integral (HI) 
Hypsometry is sensitive to lithologic borders 
and tectonic uplifts. In this study we calculated 
hypsometric integral Values (HIVs) using as 90 m 
SRTM DEM in the Chakwal watershed in PTPR. 
Application of hypsometric technique shows a 
strong correlation between the main distribution of 
anticlines and higher or lower HIVs clusters obtained 
in our investigation. High values of HIVs are present 
in almost entire Chakwal watershed basin, the 
distribution of HIVs correspond to the distribution 
of anticlines in investigation area (Figure 6a). Higher 
HIVs are clustered along the NE-SW oriented faults 
(Figure 6a), where neotectonic activity exists. Lower 
HIVs are found in recent sedimentation regions in the 
Holocene era along the hanging walls of active faults 
and are representative of high erosion. Numerous 
procedures can clarify these high HIVs far away from 
fault scarps. Epeirogenic tectonic uplift produced 
higher HIVs in the zones where the localized exogenic 
impact does not encounter topographic uplift. Some 
bonus topographic uplift may result from the fold 
and thrust topography related to the Kallar Kahar 
anticline.

Spatial auto-correlation of hypsometry (SACH) 
The Chakwal watershed is a comparatively gentle 
to intermediate topography (217–1310 m) that 
comprises fold and thrusts, anticlines, synclines and 
some peneplain segments. Higher HIVs groups 
are disseminated spatially along Chak Naurang, 
Dhadhumbar, Jhatia, Tamman, Balkassar and Karsal). 
Conversely, Low HIVs groups are observed along 
Kallar Kahar and Dill-Jabba (Figure 6b) faults 
Southeast segment of Salt Range Thrust showing 
active sediments (Mohadjer et al., 2010) which is 
in agreement with the erosional scenario computed 
from the RUSLE. 

The results obtained are beneficial for the natural 
resource managers, planners and decision makers 
to control sediment yield into the water reservoirs. 
Such investigations must be performed in the PTPR 
with higher rainfall to evaluate the possible risk in 
the national perspective. This will identify preferred 
areas to implement and. plan strategies to control 
erosion and land degradation issues (Bathrellos et 
al., 2017). For the Potwar in general and Chakwal 
watershed in specific, this evaluation is very helpful, 
particularly enhanced deforestation and adaptation of 
landuse patterns. Quantification of erosion loss in the 
Chakwal watershed will enable appropriate structures 
for water harvesting which will not only supply water 
in the off-rain season but also minimize the soil loss 
within the Chakwal watershed. Conservation and 
management practices such as strip cropping, tree 
plantations, check dams must be promoted to reduce 
the soil loss in this region. 

Conclusions and Recommendations

This research reveals the practical SE RUSLE model 
application incorporated with GIS to approximate 
SE potential and vulnerable zones in Chakwal 
watershed. This investigation signified that PTPR 
region is extremely prone to SE and if the SE 
continues at this pace, it might lead and aggravates 
the degradation of Chakwal watershed soil. Hence, 
it may lead to deserted region, causing the cultivable 
and fertile land inappropriate for cultivation and 
farming and ultimately becomes a region for food 
security. Average yearly soil removal was estimated 18 
tons/ha/year and highest erosion (70–203 tons/ha/
year) in the vicinity of the river tributaries and hilly 
regions. Transported sediment flux yield due to SE 
is as much as 148 tons/ha/year. SE highly influences 
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Chakwal watershed due to its soil characteristics 
topographic nature. The massive amount sediments 
generated in the barrages and streams may severely 
affect the already loaded barrages and canals. The 
application of geospatial spatial autocorrelation and 
HIVs hot and cold spots allows us to decipher the 
erosion and recent sedimentation within the Chakwal 
district. This research generated valuable information 
regarding the classes based on the severity of erosional 
intensity and sediment flux yield. It will assist the 
planners , policy and decision-makers, soil research 
and conservation institutes to concentrate on the 
extremely vulnerable eroding zones. Hence it is highly 
recommended that appropriate rain and stream water 
harvesting constructions and other support practices 
should be prepared to stop the SE in Chakwal. 

Novelty statement

The novelty of this research, is to assess the soil 
erosion using RUSLE Model and Hypsometry in 
Chakwal watershed in the Potwar region, Pakistan. 
It was found that medium to the high slopes, salt 
topography and enhanced erosion makes the local 
topography a bit unsuitable for agricultural practices. 
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