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NOISIAI

he degradation of soil quality and agricultural sustainability is threatened by soil erosion,

which poses a serious threat to livelihoods and food security. Maintaining soil fertility and

reducing the danger of erosion require efficient evaluation and management strategies.
This research presents an innovative approach to assess soil erosion in Nowshera District,
leveraging remote sensing technology coupled with Geographic Information System (GIS) tools.
The study intends to offer a thorough and accurate understanding of erosion patterns and
drivers in the area by incorporating these cutting-edge approaches. Cloud-free LANDSAT 8
multispectral images, characterized by minimal vegetation cover, serve as the primary dataset for
this analysis. The integration of the RUSLE model with GIS and remote sensing techniques
enables the calculation of soil erosion rates throughout the research region. The study
demonstrates variation in soil erosion parameters across different locations, as indicated by R
factor values, which range from 603.43 to 696.43 MJ mm/ha/h/year. The southeastern portion
demonstrates significantly lower erosion rates than the northwestern part, which can be linked
to variations in topography and land use patterns. This study highlights the significance of using
remote sensing techniques to evaluate soil erosion changes over time and provide valuable
information for land management plans in Nowshera District, Pakistan. The study results can
prove valuable during decision-making regarding conservation planning and agricultural
sustainability.
Keywords: Geospatial Analysis, Remote Sensing, Revised Universal Soil Loss Equation
(RUSLE), Soil Erosion, Landsat.
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Introduction:

Soil erosion, a widespread phenomenon with spatial and temporal consequences, is
closely connected to the deterioration of land resources [1]. It is the most prevalent land
degradation concern, affecting soil quality and crop output [2]. Approximately 1100 million
hectares of land worldwide are impacted by affected by water-induced soil erosion, of which
56% is affected due to degradation of soil caused by human activities. Soil degradation threatens
441 million hectares of land (59%) in Asia [3]. Agricultural productivity is negatively impacted
in many countries due to the loss of topsoil from erosion. Soil erosion can be caused by natural
geomorphic processes and anthropogenic actions [4]. Water-induced soil erosion occurs through
various mechanisms such as gullies, rills, mixing processes, landslides, riverbank erosion, and
sheet erosion. Nevertheless, the primary contributing factors include deforestation, improper
land use, excessive grazing, poorly managed agricultural practices, and increased urbanization
[5]. Changes in the climate, steep slopes, or basic soil properties increase the danger of soil
erosion [6]. The interaction of slope significantly influences the runoff mechanism, with an
increased slope leading to higher runoff and reduced infiltration, thus contributing to erosion.

The varieties of vegetation in an area can either contribute to erosion control or increase
susceptibility to it. Certain plants, in particular, those with extensive root systems can aid in
stabilizing the soil and halting erosion by holding it in place. However, in areas where erosion is
prevalent, these plants may be eroded, which can lead to a decline in plant growth rates [7]. The
characteristics of the soil, such as its texture and composition, play a critical role in water-induced
soil erosion. Highly fertile soils are often targeted by flash floods and sheet erosion, which results
in a significant loss of valuable nutrients from the soil. Additionally, soil with more permeable
subsurface layers can result in increased amounts of water runoff, diminishing the availability of
water for plant development. The way land is managed and utilized can either exacerbate or
mitigate water-induced soil erosion. Unsustainable land use practices, such as deforestation or
improper agricultural methods, can disrupt the natural balance and make soil more susceptible
to erosion. Consequently, negatively impacting the plant growth rates and the overall health of
the ecosystem [8].

Soil erosion is a major disaster in semiarid regions [9], and lies among the most important
concerns in ecology, natural resources, and agricultural growth [10]. There are numerous sources
of silt and a scarcity of water in these areas [11]. Due to reservoir siltation, the excessive sediment
intake in upstream rivers shortens the lifespan of dams, degrades the quality of the water, and
inhibits biological activity [12]. Many methods used in the past to quantify soil degradation at
the watershed scale rely on labor-intensive, expensive physical surveys, soil erosion susceptibility
mapping is one of these essential methods. These conventional techniques included erosion
pins, sediment traps, and sediment sampling, among others. Although these techniques offered
insightful information about soil erosion, they frequently had drawbacks in terms of precision,
cost, and scalability, especially when evaluating water-induced soil degradation at the watershed
scale. Planning for soil management and conservation, as well as determining the environmental
effects, requires a quantitative estimation of soil erosion at the regional level [13]. The main
challenge with erosion risk models is their validation, primarily due to insufficient data for
comparing model estimations with actual soil losses[14]. The current study aims to evaluate the
Revised Universal Soil Loss Equation (RUSLE), which is based on Geographic Information
Systems (GIS) and is used to calculate the average yearly soil loss in Nowshera. When calculating
soil loss in smaller regions, such as fields and hillslopes, RUSLE is a popular and appropriate
technique [15].

Objectives:

The primary objective of this study is to evaluate the patterns of soil erosion in the
Nowshera District, Pakistan. It suggests efficient conservation methods to reduce erosion
hazards and improve agricultural sustainability. The study seeks to measure soil loss rates by
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utilizing remote sensing techniques and the Revised Universal Soil Loss Equation (RUSLE)
model. Additionally, it attempts to combine satellite imagery with Geographic Information
System (GIS) tools to identify areas susceptible to erosion and zones at risk of erosion.
Novelty:

This study presents a novel approach for evaluating soil erosion in Nowshera District,
Pakistan. The method combines advanced remote sensing techniques with the Revised Universal
Soil Loss Equation (RUSLE) and Geographic Information System (GIS) tools. The novel aspect
of this approach is the utilization of remote sensing technologies to gain a thorough
understanding of erosion dynamics in the region. This method is more precise and efficient
compared to conventional ground-based surveys. The study seeks to utilize satellite imagery and
topography data to improve our comprehension of erosion processes, pinpoint regions at risk,
and enable focused conservation initiatives for sustainable land management.

Material and Methods:
Study Area:

The research was carried out in the district Nowshera, situated within the Khyber
Pakhtunkhwa province of Pakistan, focusing on the critical issues of soil erosion and land
degradation. District Nowshera is located in the province's east, next to district Peshawar. The
geographic coordinates are 30° 25' 12" to 34° 5' 24" N latitude and 71° 24' 36" to 72° 9' 0" E
longitude. Geographically, the region exhibits a diverse topography. The northern side of the
district is primarily made up of plains with a vast network of rivers and canals. On the other
hand, the southern areas, including Ziarat Kaka Sahib, Nizampur, and Cherat, have moderate
hills and slopes, mostly rely on rainfall for their water supply, and frequently face water shortages.
Because of the variation in the topography, certain places are more likely to experience
waterlogging, while others experience ongoing water shortages. This study explores the complex
issues brought about by these regional and environmental changes in the district as shown in
Figure 1. The distribution of meteorological stations is shown in Figure 2.
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Figure 1: The study area location map (A) displays the Pakistan boundary line (B) denotes the
study area province boundary (C) the study area district Nowshera
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Figure 2: Distribution of the metrological stations across the study area
Data Acquisition and Processing:

A comprehensive dataset was compiled from various sources to facilitate a thorough
analysis. Notably, topographic maps were acquired from the United States Geological Survey
(USGS) through Earth Explorer, aligning with the methodological framework detailed in Figure
3. Field surveys were conducted in the Nowshera district to collect primary data, where careful
observations and on-site data documentation were carried out.In addition, secondary data was
gathered from other credible sources. The Pakistan Meteorological Department (PMD)
provided meteorological data, which is essential for meteorological information. Soil-related data
was provided by the Directorate of Soil Survey KP, which gave important insights into the
properties of the soil. Information regarding the taxonomy and classification of soil was obtained
from the Food and Agriculture Organization (FAO). Furthermore, satellite imagery, specifically
Landsat 8 images from the USGS, was integrated to enhance the dataset.

Table 1: The data sets used in this study along with their sources
Data Sets Data Sources
Rainfall map Pakistan Metrological Department (PMD)
Soil texture map  Directorate of Soil Survey Khyber Pakhtunkhwa, Pakistan.
Food and Agriculture Organization (FAO); Digital soil
map of the world database

DEM Landsat-8 imagery (2020) 30m-spatial resolution. (USGS)
https://earthexplorer.usgs.gov/
LULC Landsat-8 imagery (2020) 5m-spatial resolution (USGYS)
Data Analysis

The collected data underwent extensive processing and analysis. Quantitative techniques
were applied using Microsoft Excel spreadsheets, wherein parameters related to the erosion
model and land use were systematically encoded. Cartographic techniques were employed to
ensure precision in the geospatial analysis of the collected data and to build data tables. High-
precision data analysis and visualization were made possible by the implementation of these
techniques, which were greatly aided by ArcGIS (10.8).
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Flow of methodology diagram.
RUSLE Parameters:

The author [16] developed the following empirical soil loss model to forecast the

average yearly soil loss over the long term in any given region.
A=RXKXLSXCXP 1)

Whereas,

A = average annual soil loss (mg ha™' year™")

R = rainfall erosivity index (mm ha™" year™)

K = soil erodibility factor (mg ha™' year™)

LS = topographic factor (dimensionless)

S stands for slope, and L for slope length.

C = Cropping factor (dimensionless)

P = Conservation practice factor (dimensionless)

Rainfall Erosivity (R):

The R factor explains how rainfall affects runoff and erosion. According to [17], it also
describes the sizes and intensities of specific rainfall events for a year. The R index was calculated
using the average annual rainfall (mm) of the Peshawar, Risalpur, and Cherat metrological
stations from September 01, 2020, to September 30, 2020. In ArcGIS 10.8, the Inverse Distance
Weightage (IDW) approach was used for spatial interpolation of rainfall data to represent the R
factor spatially. The R factor was determined using Rainfall intensity and frequency since they
are more predictive than the total amount of rainfall [18].

Table 2: The mean annual rainfall factor (R) of three metroloiical stations

Peshawar 71° 33' 56" E 34° 0' 54" N 345 429.1
Cherat 72°0' 28" E 33° 50' 21"N 520 628.1
Risalpur 71°59' 29" E 34° 03'42" N 309 774.7

To estimate the R factor, 1-min rainfall data were first gathered. The product of the
storm's maximum 30-min intensity (I30) and total kinetic energy (E) yields the amount of
erosion that occurs during a single storm. According to [19], the R factor is defined as the total
of the event EI30 values throughout a year. The 30-min rainfall erosivity index (EI30) was
determined using the following formula, which was developed by Brown and Foster (1987):

Elzo = (X er vp)lzp. @)
er = 0.29[1 — 0.72 exp(—0.05i,)] 3)

Whete v, (mm) is the amount of rainfall, i; (mm h™) is the intensity, and I is the highest
continuous 30-min rainfall intensity (mm h™) in a storm. Els is the 30-min rainfall erosivity
index (MJ] mm ha'h™), and er (MJ] ha' mm™) is the unit energy (energy per unit of rainfall).

R= % i=1 Z]p=1(E I30) ij. 4)

Where m was the number of erosive storms in the j; year and n was the length of the
effective years.

Soil Erodibility (K):

According to [19], the K factor illustrates how susceptible certain soil types are to erosion
and runoff rates. Since it indicates how soil particles are bound together, how cohesive or sticky
they are, and how likely a certain soil is to erode on a particular slope, the K factor cannot be
changed. Each type of soil has a different rate of erosion depending on its physical properties,
including organic matter and texture [20]. Soil map from the Soil Survey of Pakistan served as
the basis for the creation of a texture map of the district Nowshera. K values of 0.05 to 2.0 mm
for sand, 0.002-0.05 mm for silt, and 0.002 mm for mud were used. K value for water bodies
was considered as 0 because it has no estimated erosion value [21].
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K = 01317 x 0.00021><M1-14x(12—0M)+i.ss(csoilstr—2)+2.5(cperm—3) )

Where M is the textural factor calculated using equation (6)

M= (%mgj + %myg) * (100 — %m.)  (6)

Where mg is the percentage fraction content of silts (0.002-0.5 mm), my is the
percentage fraction content of fine sand (0.05-0.1 mm), m. is the percentage fraction content of
clay, and OM stands for soil organic matter (%). The USDA provides the soil structure code,
Ceoilsir, and the profile permeability class, Cperm.

Table 3: The K factor values of the soil of District Nowshera.
SNUM  Texture Clayl Silt1 Sandl HYDGRP

3512  Sandy Loam 19 19 62 C
3843 Clay Loam 28 29 43 C
3871 Clay 48 29 23 D
71°5(I)'0"E 72°0]'0"E 72”1?'0"E
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“a Sandy Loam s _J a
(I.:\ Loam
- S
%| Legend S
District Boundary
Soil Type
E_ Sandy Loam _E
4 | Clay Loam 4
0 5 10 20 30
Clay - e  Km
71"5(‘)'0"E 72"0"0"E 72“1(‘)'0"E

Figure 3: Soil type map of district Nowshera for calculating K factor.
Length of Slope (LS):

Ground-based models can be substituted with DEM processing in ArcGIS to determine
the length and slope [22]. Slope steepness has a direct impact on erosion since a steeper slope
erodes more quickly. DEM data was generated from Google Farth using points collected within
the research area, and it was saved in KIML format. Elevation data was then transferred to
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https:/ /www.gpsvisualizer.com/ and saved in gpx format. The gpx file was converted to a point
feature in ArcGIS, and values were supplied to the closest vacant area between points using the
Interpolation (kriging) tool. A five-meter-resolution raster elevation model was created. Errors
such as sink and gaps in the DEM were eliminated by using the Arc hydro tool in ArcGIS to
compute direction and flow accumulation.

_ cellsize\™ , . 0.01745,
LS = (FA X ) (sinslope x —0.0896) , ()

LS is the slope length and steepness factor. FA is the flow accumulation utilized to
calculate the upslope contributing component. Cell size is the resolution of the DEM in meters
(for the present study, = 5 m), slope is the slope raster in degree, m value range: 0.4—0.56; and
n value range: 1.2—1.30. Flow of study diagram is shown in Figure 4.
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Figure 4: Methodological flow chart for evaluating annual soil loss using the RUSLE Model in
district Nowshera, Pakistan
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Cover Management/Crop Factor (C):

According to certain types of plants, crop management determines the soil losses [3]
Landsat-8 image of the study area underwent supervised classification to identify L.and Use And
Land Cover (LULC). The LULC classes include forest, agriculture areas, barren land, populated
areas, and water bodies. Average C-factor values for LULC types in the research region were
computed by [23]. Field surveys were conducted to verify the Land Use Land Cover (LULC)
classes and to provide ground truth data for accuracy evaluation. The C factor map was then
generated by applying the following equation using the Raster Calculator tool [24].

NDVI )’ (8)

B—NDVI
Where NDVI is the Normalized Difference Vegetation Index and « and § are unit-less

factors that determine the shape of the NDVI-C curve.
Support Factor (P):

The support factor (P) represents an association with a particular soil type. It illustrates
the results of land use techniques that lessen runoff and, consequently, the rate of erosion. The
P-factor displays the ratio of soil loss caused by a support method to that of straight-row farming
both up and downhill [16]. The most popular supporting cropland practices are contour farming,
cross-slope agriculture, terracing, and strip cropping [3]. The type of land used and the slope %
are taken into consideration while choosing management practices to minimize soil loss. In this
study, crops, shrubs, and wooded areas were categorized as agriculture zones, and P-factor
values were calculated [16]. The P factor has a value between 0 and 1, where a value around 0
denotes good conservation practices and a value nearing 1 denotes poor conservation practices.
Results:

Rainfall Erosivity:

Rainfall erosivity measurements range from 603.4 to 696.43 MJ] mm/ha/h/year. The
northeast and surrounding areas have high precipitation intensities, according to the R factor
map. Rainfall with high intensity can increase runoff, which in turn increases soil erosion in these
regions as shown in Figure 5.

Soil Erodibility

In the research region, sandy loam predominates. The poor particle connectivity in silt
loam contributes to its high erodibility, because of the built-up cover. However, due to their
weak structure and low aggregation, salt-affected soils are extremely erodible. High K factor
soils include cracked, patchy, and gully soils. The value of K ranges from 0.018 to 0.020
tha-h-ha™Mj *mm™" as shown in Figure 6.

Length of Slope:

The slope in the research area varies due to the shifting topography, resulting in
intermittent slopes. Toward the southeast, there are steep slopes and high elevations. The
research region displays both gradual and abrupt slopes due to its uneven topography. The range
of values for the LS factor is 2.41 to 153.9, reflecting the complexity of the topography and the
presence of steep slopes. This combination of complicated terrain and steep slopes heightens
the region's vulnerability to soil loss, as depicted in Figure 7.

C=exp (—oc X
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Rainfall-runoff erosivity factor (R-factor) Map District Nowshera
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Figure 5: Rainfall factor (R) estimation in the study area
Soil erodibility factor (K-Factor) Map District Nowshera
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Figure 6: Erosion factor (K) estimation in the study area
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Length Slope factor (I.S-factor) Map District Nowshera
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Figure 7: Length of slope (LS) factor estimation in the study area
Crop Factor:

Application of supervised classification to a 2020 Landsat image allowed for the identification
of major land use types. Digital image processing was done using ArcGIS, complemented by
tield observations to validate the land use classes found on Google Earth. In the research
region, the C factor values range from 0 to 1 as shown in figure 9. The western part of the
study area exhibits high C factor on level surfaces, with significant values assigned to the
forest, shrub, and thin forested region. The C factor values for land cover and land use atre
shown in Table 4 below.Table 4: The C factor values for land cover and land use in the study

area

Land Use C Factor
Forest 0.03
Shrub land 0.03
Grassland 0.01
Agricultural land 0.21
Barren land 0.45
Built-up 0.01
Waterbody 0.01
Snow glacier 0.01
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Figure 8: Land cover distribution in the study area

The P-factor was calculated based on the corresponding land use and slope percentage.
A support value of 1 was assigned to classes other than agriculture, regardless of slope and
extent. The huge expanse of the agricultural land includes topography ranging from level 0 to
11% gently sloping. Contour farming, terracing, and strip cropping are some of the most well-
known and well-researched management methods as shown in Table 5. The slope, expressed as
percentage, was used to determine the agriculture extent in relation to the slope as shown in

Figure 10.
Table 5: Values of P- Factor according to Soil Conservation Practice
o . . . Terrace Cropping
Slope%  Strip Cropping  Contour Cropping Bench  Broad-based
0-7.0 0.27 0.55 0.10 0.12
7.0-11.3 0.30 0.60 0.10 0.12
11.3-17.6 0.40 0.80 0.10 0.16
17.6-26.8 0.45 0.90 0.12 0.18
>206.8 0.50 1.00 0.14 0.20
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Cover-management factor (C-Factor) Map District Nowshera
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Figure 9: Crop factor (C) estimation in the study area
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Figure 10: Support factor (P) estimation in the study area
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Average Annual Soil Loss (A) Estimation:

The research region exhibits different degrees of soil erosion due to its diverse
topography and undulating landscape. The average yeatly soil loss varies from 0 to 263,618
tons/acre/year. In the Raster Calculator, all the layers were multiplied, resulting in erosion rates
categorized into four classes: Low Erosion (0-0.5), Moderate Erosion (0.5-2.5), High Erosion
(2.5-8.9), and Very Heavy Erosion (8.9-21.6), as depicted in Figure 11. According to the current
study, the majority of hilly and arid regions are vulnerable to significant soil erosion. In the
research area, a significant rate of soil erosion is also being caused by extensive deforestation.

Annual Soil Loss Map District Nowshera
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Figure 11: Average annual soil loss (A) in the study area.
Validation of the Results with Local and Global Studies:

The results of this study were compared with related investigations carried out in the
adjacent regions, showing close alignment with previous studies at the watershed level.
According to a study carried out at the Fateh Jang watershed, the rate of soil loss for uncultivated
land was 17-41 tons/ha/year for slopes of roughly 1-10% in the area, whereas the rate was
significantly lower (9-26 tons/ha/year) for vegetative land [25]. The rate of soil loss was found
to be between 0.1 and 8 tons/ha/year in another study that used RUSLE to quantify soil loss
for plain area soils in a small hilly watershed [26]. The watershed’s average annual soil loss rate
over its 13 hectares of total area was 19.1 tons per hectare. Steep slopes were responsible for
around 74% of soil loss [17]. However, the result of current study, the Nowshera district of
Pakistan is more vulnerable to soil erosion than the Potohar region.

High rates of erosion were predicted by [27] in the Kali River basin in Karnataka, India.
The identifications of regions that are vulnerable to elevated soil erosion on steep terrains and
mountain slopes highlight the significant influence of topographic features on affecting soil
water erosion. In another study [28], reported significant soil erosion in the steep inclines of the
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hilly area of the Indian Muthirapuzha River basin. Significant soil loss was estimated by [29] in
Northwestern Ethiopia’s steeply sloping terrain. While, the findings of this research are
consistent with those of other studies carried out under comparable circumstances in other
geographic locations.

Discussion:

Soil erosion is a geomorphic process that leads to removal of topsoil, consequently
reducing the fertility [30]. An estimated 10 million hectares of arable land face errosion each year
[31] making large areas of land unusable for cultivation globally [32]. The main causes of soil
erosion, which heightened land degradation, include under-developed geology, human-induced
intercession over the delicate slope, explosive population growth, unplanned alterations in land
use land cover (LULC), and climatic conditions ranging from humid to sub-humid [33][34]. A
widely accepted method for assessing soil erosion is using the Revised Universal Soil Loss
Equation (RUSLE) model [16] due to its usefulness, accuracy, and legitimacy. Estimating soil
loss is essential for managing agriculture and water, including the movement and storage of
sediment [35]. Thus, this paper aims to estimate the dangers of soil erosion using the RUSLE
model in the district Nowshera, Pakistan.

Many models are available to estimate soil erosion, however, the input data for each
model varies greatly. RUSLE, however, is frequently used to calculate the risk of soil erosion
[36]. Combining GIS and remote sensing with RUSLE enhances its reliability by providing a
cell-by-cell (Raster) visual representation of risk zones [37]. The decision-making authorities can
create plans and strategies for reducing soil erosion risk in certain zones with the use of the soil
erosion risk map. GIS technology is used to spatially model and evaluate the RUSLE, which is
a helpful tool for calculating soil erosion rates. This is a helpful tool for calculating soil erosion
rates and may also be utilized to replicate erosion scenarios and pinpoint high-risk locations for
erosion. It can access decision-making processes intended to reduce and manage soil erosion
[38][39]. Over 76% of Pakistan's land is susceptible to erosion from wind and water[40]. Out of
23 million hectares, over 11 million hectares of suitable agricultural land are subject to erosion
by water. Around 40 million tons of soil are eroded annually by the Indus River System in the
upper catchment areas of the Hindu Kush, Himalayas, and Karakoram [41]. This causes siltation
in the Mangla and Terbela dams, reducing the lifespan and capacity of the aforementioned
multipurpose dams, impacting availability and electrical output [42].

The study utilized the Raster Calculator tool, a geospatial analysis tool within ArcGIS,
to assess the degree of soil erosion. The study utilized the Raster Calculator tool, a geospatial
analysis tool within ArcGIS, to assess the degree of soil erosion. The results were then divided
into four classes according to the rate of erosion: low erosion (0-0.5), moderate erosion (0.5-
2.5), high erosion (2.5-8.9), and very heavy erosion (8.9-21.6). Steep slopes were a defining
feature of the areas experiencing the greatest erosion, especially along the water channels in the
southern portion of the study area. The rates of soil loss in these locations increased from 0.5
to 2.5 tons per hectare per year during 2020. "Soil loss tolerance" describes the maximum
amount of soil erosion that may be tolerated without adversely affecting the amount of food
that can be produced. In tropical areas, the maximum rate of soil loss permitted is ten tons per
hectare per year. Nerly 60% of the research area is below the soil tolerance limit based on these
requirements.

The study results offer insightful information about which areas are most vulnerable to
the risks associated with soil erosion. Consequently, this research helps with the creation of
conservation plans at the regional level and has the potential to be expanded to the international
level to create comprehensive plans for soil conservation. The elements that lead to soil erosion
and the techniques employed to measure them must be carefully taken into account when
assessing soil erosion. It also involves intricate models that are difficult to create and operate
without a lot of computational power and knowledge. There is a chance that uncertainties in the
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parameterization and input data will impact these models' accuracy. Therefore, for the proper
evaluation of soil loss, sufficient and current information together with careful analysis of the
elements for the determination of the RUSLE parameters are necessary.

Conclusions:

The areas exposed to high erosion risk can be precisely determined by using empirical
soil erosion models, which, despite their relative simplicity, are easy to comprehend physically
and require few resources. In this article, the potential zones for soil erosion in the district
Nowshera, Pakistan are estimated by the use of empirical soil erosion model, such as RUSLE
combined with GIS. By using the Weighted Index Overlay (WIO) approach, the land can be
categorized into several zones according to the likelihood of soil erosion, which is eventually
useful in determining the best course of action for protection. This study shows that GIS is a
useful tool for estimating erosion loss and evaluating soil erosion. The following are the
significant conclusions of the present study:

. The average yearly soil loss was estimated up to 263,618 tons/acre/year, with the highest
soil erosion occurring in the vicinity of steep slopes and river systems. The research area
is particularly vulnerable to erosion due to its uneven terrain and intricate drainage
system.

° The construction of factories, housing buildings, and public amusement parks is one
example of infrastructure development that has accelerated soil erosion. The continuous
erosion of the soil may result in siltation in the canals and associated barrages, decreasing
their water-carrying capacity and perhaps posing a risk of flooding in the area.

. Building terraces is necessary to stop erosion on high slopes, even though it could
interfere with farming operations. Intelligent crop selection, considering the soil's
potential, is crucial to prevent soil degradation. Intensive agriculture should be avoided
as it can further degrade the soil quality.

o Zero tillage must take the place of the tillage technique. Adopting cropping strategies
that maximize soil conservation is crucial. To preserve moisture throughout the summer
season, mulching needs to be promoted. It is imperative to strategically arrange the
cropping pattern to minimize the impact of wind. It is proposed that cross-slope farming
support methods can lessen the amount of sediment that ends up on the surface. The
findings of this research provide valuable insights for ecosystem protection and
management, serving as a foundation for planning strategies worldwide.
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