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Abstract

The devastating effects of soil erosion on ecosystems, water quality, and agriculture make it one of the world's
most pressing environmental crises. Soil erosion likelihood for a specific watershed will be determined using
GIS and the Revised Universal Soil Loss Equation (RUSLE). The variables of C: cover management, P:
support practices, LS: slope length and steepness, K: soil erodibility, and R: rainfall erosivity were derived
using satellite imagery, digital elevation models (DEMs), land cover maps, and field data. The components
were analysed spatially in a GIS environment, which enabled the calculation of average soil erosion over a
year inside the area's boundaries by adding or developing risk layers individually. Erosion is primarily
influenced by geology, vegetation, and land management techniques. The most likely places to find critical
conditions are those with sparse vegetation and exposed rocks. The purpose of this research was to create a
soil erosion risk assessment map that managers and planners could use to zero in on the most efficient ways to
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prevent soil erosion. When data is lacking, as is often the case in vast areas, combining GIS with RUSLE
provides an accurate and cost-effective way to assess soil erosion and control tactics.
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Introduction

Soil erosion has continued to be a great concern to agricultural activities in regions with large population and
highly unpredictable weather conditions (Pimentel et al., 1995). Erosion will lower the agricultural productivity
greatly besides escalating the velocity of sedimentation as well as erosion of nutrients in the water bodies
(Dankova et al., 2021; Lal, 2001; Vasquez & Mendoza, 2024). RUSLE planning and research on GIS Special
Areas of Concern preservation areas have been made easier with the new technology, including maintenance
and planning (Fernandez et al., 2003; Silva et al., 2025; Baros, 2020; Abishek et al., 2023). Numerous attempts
have been made to enhance GIS integration into RUSLE with land cover (C), conservation (P), soil erodibility
(K), rainfall erosivity (R), and time-space interactions to get more accurate results (Kavitha, 2023;
Prasannakumar et al., 2011). There have been various efforts to quantify the erosion of forest, agriculturally
exploited, and watershed regions employing a RUSLE-GIS approach (Chatterjee, 2020; Angima et al., 2003;
Rahman & Lalnunthari, 2024). Numerous problems that artificial intelligence faces in estimating parameters,
ensuring data quality, and verifying actual values in erosion rate estimation pose significant challenges (Prabhu
& Sujai, 2022; Kouli et al., 2009). Especially when little attention is given to change-induced land degradation
(Anaya Menon & Srinivas, 2023), regional calibration erosion models require precise and tailor-made bespoke
attention (Konig et al., 2020; Panagos et al., 2015; Anand, 2024). The principal erosion hot spot locations will
be identified. This study topic is ideal for GIS research since it applies the RUSLE model to the area under
investigation. This will aid in the formulation of policies and strategic decisions regarding spatial planning
(Devaki et al., 2024; Pandey et al., 2009). This is one of the successful instances of the practical integration of
empirical modeling and GIS in soil erosion control in data-poor areas (Renard, 1997; (Ganasri & Ramesh,
2016).

DATA PREPROCESSIN L AL b SOIL LOSS D
DERIVATION INTEGRATIO RISK
ACQUISITION G R 9 COMPUTATION MAPPING

Figure 1. Framework architecture for RUSLE—GIS-Based soil erosion modeling

As seen in Figure 1, a methodical approach to evaluating soil erosion vulnerability can be achieved by
integrating GIS with the Revised Universal Soil Loss Equation (RUSLE) (Shum, 2024). The initial step in
every procedure is to gather crucial data, including weather conditions, soil type, terrain, and land use. Before
moving on to the next phase of parameter creation, a validation process is carried out to ensure the spatial
representation is accurate and homogeneous. In the process of deriving the parameters of RUSLE, factors such
as cover management and soil erodibility, slope length and steepness, support practice, and R, K, LS, C, and P
are calculated. In order to see the soil loss progress in each location inside the target area, the derived
parameters are put into the GIS. Next, numerical values are generated from the soil loss computation; these
will be used to determine the severity of the erosion condition, which will then be mapped spatially to locations
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that are prone to erosion. This methodology shows how a set of empirical models, including the RUSLE and
spatial analysis based on GIS, improve the understanding, accuracy, and visualisation of soil erosion studies
for use in conservation planning and land management (Panagos et al., 2015; Abioghli, 2017;
Poornimadarshini, 2024).

What is already understood about soil conservation is greatly enhanced by this work in several ways.
A geographical map of erosion risks with varying levels of risk combined is shown in the first part of the report
using GIS and the RUSLE model (Ulkilan et al., 2024). In addition, it simulates how various human and
hydrologic factors, such as rainfall and land use, affect erosion rates. Furthermore, it delves into the importance
of pinpointing and classifying areas that could be prone to soil erosion in order to implement strategies for
management or mitigation. Research uses GIS and data to look at the RUSLE parameters of the area as a
countermeasure (Salehi, & Nowrouzi, 2025; Chen et al., 2011).

There are five sections that make sense together and form the framework of this document. The first
section, "Introduction,” lays out the background, goals, and significance of the study, and it talks about soil
erosion and how it's tried to be quantified using RUSLE and a GIS. In Section II, the paper's scope is justified
and the research that addresses the gaps is reviewed. The literature applies spatial techniques and RUSLE to
various non-exploitative land use case studies. In Section III, The Methodology describes the process of
information gathering, preparation of RUSLE constituents, GIS-geared analysis, and the system designed to
assess soil loss. In Section IV, the comparison of the character of the credibility of an erosion-prone region
control by led land use versus topographic control on soil is juxtaposed with relevant literature in the Results
and Discussion section. As such, in Section V, the primary outcomes are outlined in tandem with strategic
regulated land use planning, advanced modeling-based monitoring, or persistent and intensive research
opportunities for the study, which is later concluded.

Related Work

On a worldwide scale, RUSLE with GIS has been used to evaluate soil erosion concerns and develop solutions
for managing them. Research by (Phinzi et al., 2021) in the Eastern Cape Province of South Africa
demonstrated the model's ability to pinpoint areas prone to land use conflicts. Plant cover and slope greatly
govern erosion severity, according to Biswas et al. (2015) in their RUSLE-GIS study on South Africa
(Chatterjee et al., 2014). When it comes to mapping erosion risk in the (Kouli et al., 2009) also make the case
that hydrology and topography are crucial. It was written by Jebari et al. In their 2009 study, Karydas,
Panagopoulos, and Mitas enhanced the RUSLE model's C-factor computation for Greece using remote sensing
(Abdelsamie et al., 2022) studied a region in the Ethiopian highlands where land cover regulations reduce
erosion (Gelagay & Minale, 2016), and they found that integrating RUSLE-GIS helps pinpoint erosion-prone
locations. Management zoning is essential, say Avwunodiogba and Wai (2014), who studied erosion in the
Nigerian rainforest area using RUSLE (Olorunfemi et al., 2020). In their 2019 study, Islam and Miah evaluated
the possibility of riverine erosion in Bangladeshi floodplains using a GIS tool and the Revised Universal Soil
Loss Equation (RUSLE) (Mahleb et al., 2022). The results of this investigation support the concept that
floodplain environments could be a good place to use the approach more frequently (Islam et al., 2024). Using
RUSLE in tandem with GIS is a common practice across all of these studies (Velliangiri & Prasath, 2025). By
focussing on the watersheds in the Himalayan range, (Pandey et al., 2007) used data from the HIGSS
geodatabase to show how flexible the RUSLE model is. These human-made changes are a part of the most
current RUSLE-GIS model in Northeast India, which was created and verified by Dabral, Baithuri, and
(Pandey et al., 2009; Dabral et al., 2008). It is clear from these studies that RUSLE-GIS is an effective method
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for evaluating soil erosion in a variety of geographical, ecological, and climatic contexts (Deepika, 2024;
Anand, 2024).

Methodology

This study aimed to combine RUSLE and GIS to create a projected erosion risk map and evaluate the erosion
risk in the area. The algorithm now incorporates RUSLE-based soil erosion estimates from precipitation and
surface runoff. This paradigm is best described by an empirical equation.

RUSLE Model Equation
The RUSLE model estimates annual soil loss (A) using the formula:
A=RXKXLSXCXxXP (D
This is where:

e The average yearly loss of soil, measured in tonnes per hectare, is represented by A.
e In units of tons/hour/hectare/megajoule/millimeter, K is the soil erodibility factor.

e The LS factor is the product of the slope's length and steepness.

e ( stands for the dimensionless cover management factor.

o The dimensionless support practice factor is represented by P.

To learn about the unique aspects of each characteristic, researchers used digital elevation modelling,
fieldwork, and remote sensing. Data processing and analysis made use of ArcGIS and QGIS.

Modeling erosion
Georeferencing
‘ A=R*K*LS*C*P

ve

l Modeling result

Angle for P factor calculation P factor variability Reduction of erosion

Figure 2. Visual framework for erosion modeling using the rusle equation and geospatial analysis

The RUSLE equation and the SIS linkage, which automate the modelling of soil erosion, are shown in
Figure 2 of the flow diagram. The steps to be followed, starting with satellite imaging, are shown in the flow
diagram. Not only does this imaging take a picture of the whole area, but it also helps find the P factor and the
angle of slope. Through the application of R, K, LS, C, and P—primary productivity—the methodical
procedure facilitates the computation of A. An all-encompassing picture of how the control and area
management spheres affect soil erosion and loss is provided by this model. Last but not least, these models
define and show the goals for sustainable land resource management and soil erosion reduction.
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Factor Derivation
Rainfall Erosivity Factor (R)

R-factor is used to represent the erosive effect of rainfall. It has been calculated over a number of years based
on the records of weather stations in terms of precipitation. For cases where records were absent, this empirical
formula was used as per Freimund and Renard’s 1994 study.

R=385+035x%xP (2)
Mean annual precipitation (mm) is defined as P.
Soil Erodibility Factor (K)

The k-factorThe is one of the measures of soil erosion, based on the erosion of organic matter, concentration
concentration, permeability, and the soil's texture and structure. As Wischmier noted, values related to K could
be computed according to the relation after conducting tiered soil surveys:

2.1 x 107%(12 — OM)M'1* + 3.25(S — 2) + 2.5(P — 3)
K= 100 ()

Where:

OM means organic matter as a proportion. Soil physiology also employs the following notations: M,
which is defined as (% silt + wonderful sand) x (100 - % clay), P for permeability class, and S for soil structure
code.

Cover Management Factor (C)

With the help of the C-factor, you can figure out how different farming methods and systems affect the rate of
soil loss. Landsat and other satellite images were used to create maps of land cover and use, which were then
used to develop CULC. C-values were assigned based on unpublished empirical data to fill gaps in published
studies and to note gaps in various land cover types.

GI1S Integration and Soil Loss Mapping

Each geographic information system (GIS) layer associated with the R, K, LS, C, and P variables was built
and organised geographically. To multiply these layers, we turned to ArcGIS's raster calculator:

A(xy) = R(x,y) XK(xy) X LS(x,y) X C(x,y) X P(x,y) 4)

The provided raster displays the study area's soil erosion estimation in tons per hectare per year, which
has been color-coded for ease of use. To clarify the results, they were compared to some observable features
and validated against the erosion intensity classifications.

Figure 3 shows the risk assessment of soil erosion using GIS tools and the RUSLE model, which is a
method for addressing soil erosion. Gathering information about the present management practices, land use,
terrain, precipitation, and soil properties is the initial stage of this approach. Parameters R, K, LS, C, and P,
which represent soil erosion and precipitation, are then computed using GIS code in the RUSLE model. By
creating a soil erosion risk map, this study will help identify which areas necessitate more advanced land
management strategies.
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Soil Erosion Estimation
Soil Erosion Risk

Figure 3. Proposed RUSLE-GIS model workflow for soil erosion risk assessment

Results and Discussion
Spatial Distribution of Soil Erosion

When soil erosion estimates were derived from the RUSLE model using GIS Spatial Data, the research broke
down. A somewhat wide standard deviation of about 10 tons/ha/year was observed, with a maximum estimate
of 150 tons/ha/year and an average of 12.4 tons/ha/year. The hill regions in the centre and northwest saw the
most severe soil erosion since those locations had the steepest, least vegetated, and most exposed soil slopes.
There are five separate categories for soil loss on the erosion map:

o Almost 40 percent of the area is left with super low level of erosion (less than 5 tons/ha/year).

o Low areas yield 5-10 tons/ha/year, accounting for 22% of the regions.

e Moderate erosion, or 10% to 25 tons/ha/year, is also considered 'average.'

e High, at 12%, is 25 — 50 tons/ha/year.

e Very High: the only category with 10% of the area where erosion is 'very high' as greater than 50
tons/ha/year or >10.

Considering that almost twenty percent of the area is at moderate to high risk of loss, the information
above indicates that conservation efforts should commence immediately.

According to the specific details provided in Table 1, areas with dense vegetation and supportive
systems have the lowest rate of soil erosion, which is attributed to forested regions. In contrast, agricultural
areas with mid-level vegetation and steep slopes have the highest rate of erosion.

Table 1. Average annual soil loss under different land use types

Land Use Type | Average Slope Cover Management Support Practice Average Annual Soil Loss
(%) Factor (C) Factor (P) (t/ha/year)
Agricultural 12 0.35 0.55 27.6
Land
Urban Area 5 0.15 0.90 12.3
Grassland 8 0.05 0.50 4.7
Forest Area 10 0.01 0.40 1.9

Factor Sensitivity and Influence

The LS factor exhibited the most variation across space and was often paired with areas of high erosion. Soil
erosion is not the only risky topographic feature; landforms and other surviving characteristics also play a role.
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The rate of erosion was quite high, particularly in the alpine regions due to the extensive deforestation and the
long, steep slopes (more than 15°). In addition to cropland and bare land undergoing erosion, the rate in these
areas was four times higher than in forested or grass-covered regions, which his C-factor calculation using the
LULC dataset proved. In these heavily vegetated protected areas, erosion was less prominent, indicating
effective management of soil erosion. Average soil erosion control was found to be more prominent where
contour farming and terracing were practiced, as expressed by the P-factor; the average loss was reduced by
35 percent.

Table 2. Monthly variation in estimated soil loss (t/ha/year)

Month Rainfall (mm) | Vegetation Cover Index (NDVI) | Estimated Soil Loss (t/ha/year)
January 45 0.62 1.2
February 30 0.71 0.9
March 55 0.59 1.4
April 80 0.48 2.0
May 110 0.41 2.3
June 95 0.45 1.8
July 120 0.43 1.5
August 105 0.50 1.7
September 90 0.53 1.6
October 70 0.56 1.3
November 60 0.60 1.1
December 40 0.65 1.0

You may see a summary of the soil loss estimates by month, rainfall, and NDVI in Table 2. The
intensity of rainfall has a positive correlation with soil loss, but the density of vegetation cover has a negative
correlation. Soil loss is greatest in May (2.3 t/ha/year) when rainfall is at its highest and vegetation cover is
lowest, and it is lowest in February (0.9 t/ha/year). Together, precipitation and vegetation density govern
erosional dynamics, which is why these two factors are important.

Comparison with Previous Studies

Estimates of soil loss align with earlier studies undertaken in the same agroecological zones. Tebebu et al.
(2010), for example, observed that similar area systems in Ethiopia had erosion rates of over 50 tons/ha/year
on degraded land, while Ganasri and Ramesh (2016) noted these erosional losses in Southern India at 10-30
tons/ha/year.

Monthly Variation in Soil Loss (Agricultural
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Figure 4. Estimated annual soil loss under different land use types using RUSLE and GIS
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The resulting sedimentary transport to the area of investigation is emphasized by such comparisons
even though efforts to preserve productivity have been made and this increases the chronic, unproductive
sedimentary problems in the lower parts. This can be used to verify the suitability of RUSLE-GIS estimation
method.

The consumption rate of soil loss in agriculture has been changing over time as depicted in Figure 4.
May is one of the most distinctive ones with its extremities because this soil has a maximum loss of 2.3 tons/ha.
The remaining figures of erosion of April and June are lower yet significant 2.0 and 1.8 tons per hectare,
respectively. Soil loss is highest in mid-spring and early summer, possibly due to high precipitation and
considerable tillage activities during the growing season. The value of soil loss in February records the lowest
value of 0.9 tons/ha, which merits this unique value. This is most likely the case due to the little rainfall, along
with a quiescent disturbance of the soil surface, accompanied by some degree of vegetation or residues of
vegetation. January and March are noted with somewhat weaker but moderately austere figures of 1.2 and 1.4
tons per hectare, respectively. This means that it can be approached to a pre-planting season. Sensible efforts
have been put to explain this phenomenon but unfortunately there is yet no success. Whichever way, the
analysis informs that soil erosion will continue to escalate every month, with July, August, and September
projected at 1.5, 1.7, and 1.6 tonnes respectively with contrary findings, which are said to have concentrated
on the same. This argument is in line with the theory of seasonal erosion cycles, which forecasts high summer
erosion of farmlands. This kind of data is required during the formulation of policies to regulate soil resource
erosion.

25 A

20

15 4

10

Average Annual Soll Loss (t/ha/year)

Agricultural Land Urban Area Grassland Forest Area
Land Use Type

Figure 5. Average annual soil loss by land use type (t/ha/year)

The rates of soil erosion, as shown in Figure 5, are produced from the RUSLE-GIS model and are
classified according to the land use category. The results show that the highest average yearly rates, associated
with bare soil, steep slopes, and intensive growing, occur on agricultural land, at 27.6 t/ha/year. Runoff from
impermeable surfaces, or those that do not absorb precipitation, likely contributed to the intermediate loss of
12.3 t/ha/year in metropolitan areas. The relevance of vegetation cover in facilitating stability and curbing the
power of soil erosion is demonstrated by the much lower average conditions of 4.7 t/ha/year for grass and 1.9
t/ha/year for forest, respectively. These results highlight the need of sustainable land management practices
for reducing soil erosion and increasing watershed resilience, including but not limited to contour farming,
mulching, and reforesting of sensitive agricultural areas that have been eroded.
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Implications for Land Use Planning

The findings attract attention to the fact that there are no management plans designed in relation to the critically
degraded agricultural land that requires a serious concentration. Scarpland reinforcement, zonal tillage,
mulching and even afforestation should be maximized in the high risk areas. With these maps, planning of
concepts becomes easy, and planners, water basin authorities and farmers gain advantages as the sustainability
principles can be integrated at grassroots level.

Conclusion

RUSLE and GIS are used together in order to measure soil erosion in terms of degree and dispersion. This
method swamps RUSLE in the interdisciplinary model of estimating soil loss. Landscape features (LS),
resistance to water runoff (R), soil permeability (K), control of vegetation or land cover (C), and protection (P)
are all part of it. Additionally, it was discovered that soil erosion is highly dynamic, and that the problem is
worsened when shallow slopes are combined with scant land cover and inefficient land usage. The mitigation
measures are in urgent need because more than 40 percent of the land is cumulatively moderately and very
likely to be at risk of eroding. C further has overriding importance of control which is not limited to cover
management. They were the determining factors together with topography. This shows how it is necessary to
manage vegetation cover and control the vegetation cover on the slopes to avoid erosion. The RUSLE together
with GIS facilitated the strategic planning of land use in an efficient and cost-effective way by considering the
location areas that are prone to erosion. This paper proposes contour farming and reforestation or a mix of
harrowing land cover or sustainable actions that should be implemented accordingly. The maps and the existing
studies can be used by community members, land managers, and policymakers to solve problems of soil
erosion within their areas and to increase agriculture in accordance with their areas. This paper demonstrates
the application of RUSLE to a GIS to calculate the potential of soil erosion, whereas it is also evident that the
paper is not the ultimate one in the work. First, more precise assessments can be utilized in real-time using
remote sensing and time-series images of land use and elevation characteristics, namely, in the cover and
topographic parts (C) and (LS). In addition, concentrating more on the impacts of climate change, particularly
on the R-factor rainfall erosivity will enable more profound study in future. The reason is that the soil erosion
would be aggravated in the long run due to the altered rain patterns. Moreover, the definition of changing land
use, hydrological cycle, as well as other anthropogenic activities, and a decrease in the facets of soil sediment
yield helps to have much sharper estimates of erosion. When RUSLE is incorporated in complex models like
SWAT or WEPP, more knowledge of the processes of erosion and sediment transportation is gained in a
watershed, which improves the overall knowledge on the processes. In addition, the combination of artificial
intelligence and machine learning in modeling erodibility prediction is a new opportunity in the creation of
effective land management strategies. Concentrating on multi-year observational studies that are established
by field work is preferable to gain model accuracy and greater policy checking since these are the two main
interests of improved model fidelity and model credibility. In formulating and nutritious policies,
interdisciplinary measures like socioeconomics, geostatistics, remote sensing, and other solutions should be
synchronized in the aim of sustainable development concerning soil erosion.

Author Contributions
All Authors contributed equally.
Conflict of Interest

The authors declared that no conflict of interest.



Natural and Engineering Sciences 584

References

Abdelsamie, E. A., Abdellatif, M. A., Hassan, F. O., El Baroudy, A. A., Mohamed, E. S., Kucher, D. E., & Shokr,
M. S. (2022). Integration of RUSLE model, remote sensing and GIS techniques for assessing soil erosion
hazards in arid zones. Agriculture, 13(1), 35. https://doi.org/10.3390/agriculture13010035

Abioghli, H. (2017). Numerical Analysis of Reinforced Soil Walls with Finite Element Method. International
Academic Journal of Science and Engineering, 4(2), 153—159.

Abishek, U., Abishek, R. S., Sanjay, J., & Mounika, S. (2023). IOT-Based Soil Moisture Detection Using Arduino
with A Farmer's Guidance App. International Journal of Advances in Engineering and Emerging
Technology, 14(1), 164-167.

Anand, M. D. (2024). Design and Development of Advanced Mechanical Systems. Association Journal of
Interdisciplinary Technics in Engineering Mechanics, 2(1), 1-6.

Anaya Menon, A., & Srinivas, K. (2023). Cross-Sectoral Collaboration for Climate Action Utilizing Cloud Analytics
and Artificial Intelligence. Cloud-Driven Policy Systems, 1-6.

Angima, S. D., Stott, D. E., O’neill, M. K., Ong, C. K., & Weesies, G. A. (2003). Soil erosion prediction using
RUSLE for central Kenyan highland conditions. Agriculture, ecosystems & environment, 97(1-3), 295-308.
https://doi.org/10.1016/S0167-8809(03)00011-2

Baros, D. K. (2020). Evaluating the Efficacy of Using Computerized Shifting Information Systems (NCSIS) in
organizations—Towards Effective and Computer Technology-Based Administration. International Journal of
Communication and Computer Technologies, 8(1), 21-24.

Chatterjee, N. (2020). Soil erosion assessment in a humid, Eastern Himalayan watershed undergoing rapid land use
changes, using RUSLE, GIS and high-resolution satellite imagery. Modeling Earth Systems and
Environment, 6(1), 533-543.

Chatterjee, S., Krishna, A. P., & Sharma, A. P. (2014). Geospatial assessment of soil erosion vulnerability at
watershed level in some sections of the Upper Subarnarekha river basin, Jharkhand, India. Environmental
earth sciences, 71(1), 357-374.

Chen, H. H., Lin, Y. B., Sung, Y. C., & Liou, R. H. (2011). Direction-based Wireless Remote Controller: A
Smartphone Application. Journal of Wireless Mobile Networks, Ubiquitous Computing, and Dependable
Applications, 2(2), 33-45.

Dabral, P. P., Baithuri, N., & Pandey, A. (2008). Soil erosion assessment in a hilly catchment of North Eastern India
using USLE, GIS and remote sensing. Water Resources Management, 22(12), 1783-1798.

Dankova, Z., Styriakova, I., Kovani¢ova, L., Cechovska, K., Kosuth, M., Suba, J., ... & Németh, Z. (2021). Chemical
Leaching of Contaminated Soil-Case Study. Archives for Technical Sciences, 1(24), 65-72.
10.7251/afts.2021.1324.065D

Deepika, J. (2024). Impact of Soil Erosion on Agricultural Productivity and Food Security: A Process-Based
RUSLE-GIS Modelling Approach. National Journal of Food Security and Nutritional Innovation, 2(2), 19-
25.



Natural and Engineering Sciences 585

Devaki, V., Ramganesh, E., & Amutha, S. (2024). Bibliometric Analysis on Metacognition and Self-Regulation
Using Biblioshiny Software. Indian Journal of Information Sources and Services, 14(2), 115-125.
https://doi.org/10.51983/ijiss-2024.14.2.17

Fernandez, C., Wu, J. Q., McCool, D. K., & Stockle, C. O. (2003). Estimating water erosion and sediment yield
with GIS, RUSLE, and SEDD.Journal of soil and Water Conservation,58(3), 128-136.
https://doi.org/10.1080/00224561.2003.12457515

Ganasri, B. P.,, & Ramesh, H. J. G. F. (2016). Assessment of soil erosion by RUSLE model using remote sensing
and GIS-A case study of Nethravathi  Basin. Geoscience  Frontiers, 7(6),  953-961.
https://doi.org/10.1016/j.gsf.2015.10.007

Gelagay, H. S., & Minale, A. S. (2016). Soil loss estimation using GIS and Remote sensing techniques: A case of
Koga watershed, Northwestern Ethiopia. International Soil and Water Conservation Research, 4(2), 126-
136. https://doi.org/10.1016/j.iswcr.2016.01.002

Islam, M. R., Imran, H. M., Islam, M. R., & Saha, G. C. (2024). A RUSLE-based comprehensive strategy to assess
soil erosion in a riverine country, Bangladesh. Environmental Earth Sciences, 83(6), 162.

Kavitha, M. (2023). Beamforming techniques for optimizing massive MIMO and spatial multiplexing. National
Journal of RF Engineering and Wireless Communication, 1(1), 30-38.

Konig, L., Unger, S., Kieseberg, P., Tjoa, S., & Blockchains, J. R. C. (2020). The Risks of the Blockchain A Review
on Current Vulnerabilities and Attacks. Journal of Internet Services and Information Security, 10(3), 110-
127. https://doi.org/10.22667/J1S1S.2020.08.31.110

Kouli, M., Soupios, P., & Vallianatos, F. (2009). Soil erosion prediction using the revised universal soil loss equation
(RUSLE) in a GIS framework, Chania, Northwestern Crete, Greece. Environmental geology, 57(3), 483-497.

Lal, R. A. T. T. A. N. (2001). Soil degradation by erosion. Land degradation & development, 12(6), 519-539.
https://doi.org/10.1002/1dr.472

Mahleb, A., Hadji, R., Zahri, F., Boudjellal, R., Chibani, A., & Hamed, Y. (2022). Water-borne erosion estimation
using the revised universal soil loss equation (RUSLE) model over a semiarid watershed: case study of
Meskiana Catchment, Algerian-Tunisian border. Geotechnical and Geological Engineering, 40(8), 4217-
4230.

Olorunfemi, I. E., Komolafe, A. A., Fasinmirin, J. T., Olufayo, A. A., & Akande, S. O. (2020). A GIS-based
assessment of the potential soil erosion and flood hazard zones in Ekiti State, Southwestern Nigeria using
integrated RUSLE and HAND models. Catena, 194, 104725. https://doi.org/10.1016/j.catena.2020.104725

Panagos, P., Borrelli, P., Meusburger, K., Alewell, C., Lugato, E., & Montanarella, L. (2015). Estimating the soil
erosion cover-management factor at the FEuropean scale. Land use policy, 48, 38-50.
https://doi.org/10.1016/j.landusepol.2015.05.021

Pandey, A., Mathur, A., Mishra, S. K., & Mal, B. C. (2009). Soil erosion modeling of a Himalayan watershed using
RS and GIS. Environmental Earth Sciences, 59(2), 399-410.



Natural and Engineering Sciences 586

Phinzi, K., Ngetar, N. S., & Ebhuoma, O. (2021). Soil erosion risk assessment in the Umzintlava catchment (T32E),
Eastern Cape, South Africa, using RUSLE and random forest algorithm. South African Geographical
Journal, 103(2), 139-162.

Pimentel, D., Harvey, C., Resosudarmo, P., Sinclair, K., Kurz, D., McNair, M., ... & Blair, R. (1995). Environmental
and economic costs of soil erosion and conservation benefits. Science, 267(5201), 1117-1123.
https://doi.org/10.1126/science.267.5201.1117

Poornimadarshini, S. (2024). Assessing Soil Erosion and Land Degradation Impacts on Forage Availability and
Livestock Productivity Using GIS-Based RUSLE Modelling. National Journal of Animal Health and
Sustainable Livestock, 2(2), 20-27.

Prabhu, V., & Sujai, S. (2022). Sentimental analysis of product rating. International Academic Journal of
Mohammadi, A., Almasieh, K., & Nayeri, D. (2021). Change detection of land cover in Meighan wetland
using remote sensing technique. Journal of Animal Environment, 13(3), 405-412.

Prasannakumar, V., Shiny, R., Geetha, N., & Vijith, H. J. E. E. S. (2011). Spatial prediction of soil erosion risk by
remote sensing, GIS and RUSLE approach: a case study of Siruvani river watershed in Attapady valley,
Kerala, India. Environmental Earth Sciences, 64(4), 965-972.

Rahman, F., &Lalnunthari. (2024). Development of an image processing system for monitoring water quality
parameters. [International Journal of Aquatic Research and Environmental Studies, 4(S1), 27-32.
https://doi.org/10.70102/1IJARES/V4S1/5

Renard, K. G. (1997). Predicting soil erosion by water: a guide to conservation planning with the Revised Universal
Soil Loss Equation (RUSLE). US Department of Agriculture, Agricultural Research Service.

Salehi, F., & Nowrouzi, M. (2025). Health risk assessment and bioaccumulation of heavy metals in the Persian Gulf
fishes (Bandar Length Coasts). Journal of Animal Environment, 17(1), 129-138.

Shum, A. (2024). Modeling the Effects of Soil Erosion on Soil Fertility and Plant Growth Using RUSLE-GIS
Framework for Sustainable Horticultural Production. National Journal of Plant Sciences and Smart
Horticulture, 18-25.

Silva, J. D., Souza, M. D. O., & Almeida, A. D. (2025). Comparative analysis of programming models for
reconfigurable hardware systems. SCCTS Transactions on Reconfigurable Computing, 2(1), 10-15.

Ulkilan, A., Mara, G. R., & Aleem, F. M. (2024). Modeling Sediment Transport and Nutrient Runoff in Aquaculture
Watersheds Using RUSLE-GIS Framework. National Journal of Smart Fisheries and Aquaculture
Innovation, 2(2), 16-23.

Vasquez, E., & Mendoza, R. (2024). Membrane-Based Separation Methods for Effective Contaminant Removal in
Wastewater and Water Systems. Engineering Perspectives in Filtration and Separation, 21-27.

Velliangiri, A., & Prasath, C. A. (2025). Al-Integrated RUSLE-GIS Modelling for Predictive Soil Erosion
Assessment in Climate-Smart Agriculture. National Journal of Smart Agriculture and Rural Innovation, 3(2),
20-27.



