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oil erosion is a critical issue in the hilly regions of Diamer, Pakistan, due to the region's 
varying topography and significant precipitation patterns. This study uses an effective 
combination of Geographic Information System (GIS) technologies and the Revised 

Universal Soil Loss Equation (RUSLE) model to calculate soil erosion rates within the region's 
complex topography. Different GIS layers, such as rainfall erosivity (R), slope length and 
steepness (LS) factor, soil erodibility (K), conservation practices (P), and cover management 
factor (C), were merged by utilizing satellite data and the Normalized Difference Vegetation 
Index (NDVI). The resulting map showed a maximum soil loss of 2279.3 t/ha/year over the 
region. Notably, the greatest soil loss was observed in the western regions of Diamer, where 
rainfall and rainfall erosivity are also recorded as high in these areas. Five separate categories 
of soil erosion were identified, with a mean soil loss rate of 27 t/ha/year. According to the 
GIS analysis, 95% of the overall area experienced less severe erosion than the severe erosion 
classes, accounting for 5%. Additionally, the study included the computation of composite 
NDVI estimates for 2023 using Google Earth Engine (GEE). This method improved both 
the scalability and usability of the study by enabling effective processing and storage of data 
in the cloud. GEE enables the computation of NDVI quickly and precisely. This pioneering 
study is an important step toward understanding and resolving soil erosion issues in Diamer, 
Pakistan. The study offers valuable insights for decision-making and management planning 
initiatives by utilizing cutting-edge GIS tools and RUSLE modeling. 
Keywords: Remote sensing, GIS, Soil Erosion, Revised Universal Soil Loss Equation, Land-
use & Land-cover. 
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Introduction: 
The natural geological process of soil erosion involves the removal and transportation 

of soil by wind, water, or gravity. The loss of topsoil due to erosion can have serious 
repercussions, such as reduced soil fertility, decreased crop yields, and increased water 
pollution, even though human activities like deforestation, crop cultivation, construction, and 
mining have significantly accelerated soil erosion rates [1]. Because soil erosion causes 
nutrients to detach from the topsoil, it negatively affects agricultural productivity. This effect 
increases the amount of silt that enters reservoirs, which reduces their active storage capacity. 
To mitigate the impacts of erosion-induced soil loss, an estimated 45% of India's Western 
Ghats and Himalayan areas require strategic planning and interventions for soil conservation 
[2]. Due to the high slopes and shifting farming practices in the northeastern Himalayas, it is 
estimated that more than 3 million hectares per year of agricultural soil are eroded each year 
[3]. Due to an acceleration of land degradation rates, climate change is impacting the soil and 
agricultural yields of semi-arid and desert agroecology [4]. 

The entire Himalayan region's soil erosion is influenced by the geology, climate, and 
land-use patterns of the basin, but human activity also has a significant impact [5]. The region 
has been affected by factors that increase soil erosion and silt concentration in the upper and 
lower Himalayan rivers, including deforestation, large-scale road construction, mining, and 
cultivation on steep slopes. These factors also increase the likelihood of larger floods, which 
carry extremely large sediment loads [6]. Soil erosion predictions and quantifications are 
limited in Pakistan at the national level due to several factors, such as topographical roughness, 
remoteness, and diversity, as well as a lack of data accessibility and processing capability. The 
annual amount of soil erosion varies from less than one to more than twenty tons per hectare. 
The yearly mean of soil erosion in the rugged highlands of the Gilgit region was high, 5–20 
tons/ha/year, and very high, exceeding 20 tons/ha/year [7]. Ninety percent of the land of 
Gilgit Baltistan's topography consists of mountains, which are prone to landslides and the 
formation of lakes. The region is topographically rugged [8]. 

In Diamer District, the soil quality has been impacted by several human activities, such 
as deforestation, the transformation of pasturelands into agricultural land, and intensive 
farming methods. It was noted that the percentage of moisture and organic carbon in the 
agricultural soils was significantly reduced. As more areas are converted to agriculture, soil 
erodibility and degradation have increased. It was found that the agricultural soils had much 
lower percentages of moisture and organic carbon. As more land is converted to agriculture, 
there may be a corresponding increase in soil erodibility and degradation [9]. In the lower 
hundreds of kilometers of the upper Indus River valleys, downcutting, trenching, and 
aggradation epicycles have dominated deposition and erosion [10]. Due to its rugged 
topography, frequent seismic activity, and monsoon rains, northern Pakistan is home to a wide 
range of geo-hazards. Asia experiences the greatest losses in food production due to erosion 
and disturbance of the local forest-dependent communities [11]. 

There are multiple models available for predicting soil erosion based on empirical data 
(USLE/RUSLE), and their data inputs differ significantly. They project the impacts of 
raindrops on topography, climate, soil, and land use that affect soil erosion. This model is 
frequently used to calculate the risk and loss from soil erosion. It offers guidance for creating 
conservation strategies and managing erosion in various land cover types, including croplands, 
pastures, and degraded forest areas. To estimate soil erosion and determine its spatial 
distribution across larger areas, remote sensing and GIS approaches are practical. It is possible 
to quantify soil degradation at a cell-by-cell level by integrating remote sensing and GIS with 
the Universal Soil Loss Equation model [12]. 
Research Objective: 
The main objectives of the present study are as follows: 
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To calculate the C-Factor based on NDVI. 
To identify and assess areas prone to soil erosion. 
To provide spatial and thematic maps of erosion-prone areas. 
To develop strategies for long-term protection against future soil erosion. 
Materials and Methods: 
Study Area: 

This study focused on the Diamer District in the Pakistani region of Gilgit Baltistan 
(Figure 1). Geographically, it is located at latitudes 35° 2' and 35° 50' North and longitudes 
73° 6' and 74° 44' East. The region's elevation ranges from 2438.4 to 35,000 meters. On mild 
to moderate slopes, the soil is formed through rock dissolution and is loamy and fairly deep. 
The region experiences no more than 250 mm of precipitation annually due to its generally 
dry climate and arid environment. Most precipitation is received from December to May [13]. 

 
Figure 1. Study Area 

Dataset: 
The following datasets (Table 1) were utilized for the analysis from the mentioned 

sources: Rainfall data was collected from the Pakistan Meteorological Department (PMD). An 
interpolation method, namely Inverse Distance Weighted (IDW), was used to create a rainfall 
map for the study area based on the monthly average rainfall estimated from the data. The soil 
data was obtained from the Soil Survey of Pakistan, which includes 30 ground points, and the 
K factor has been calculated. The NASA SRTM Digital Elevation Model (DEM) at 30 m 
resolution was used for computing the LS factor. The Landsat 9 OLI dataset collection of the 
least cloudy images was filtered to produce the median composite for 2023. The product used 
is from the Level 1 collection, which means that image processing (geometric and radiometric 
corrections) has already been done on the data. Then, the NDVI index was computed to derive 
the C factor. The amount of time needed to retrieve, download, and prepare imagery is greatly 
reduced by using the GEE platform.  

Table 1. Description of data 

No Data type Source Description 

1 DEM NASA / USGS / JPL-Caltech NASA SRTM Digital Elevation 30m 

2 Satellite USGS/Google USGS Landsat 9 imagery 
Collection 2 Tier 1 TOA 
Reflectance 

3 Soil data Soil survey of Pakistan Includes 30 ground points 
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4 Rainfall data Meteorological Department of 
Pakistan 

Rain data for the period of 20 years 
(2000-2019) 

Methodology: 

 
Figure 2. Methodology Chart 

Universal Soil Loss Equation: 
In this study, soil types, agricultural practices, and a land cover map were produced 

using remotely sensed satellite imagery to apply the RUSLE model. The model's primary 
feature, which makes it a suitable choice for this study, is its ease of incorporation into GIS 
for enhanced analysis. The methodology used for this study is shown in Figure 2. Five 
interconnected and time- and space-varying input factors were combined to create the 
Universal Soil Loss Equation. Each factor's input data is interdependent and subject to change 
across time and space, which results in the computation of erosion at the pixel level. 

𝐴 = 𝑅 × 𝐾 × 𝐿𝑆 × 𝐶 × 𝑃 (1) 
Where A is the mean annual soil loss expressed in tons per hectare, and R is the rainfall 

and runoff factor expressed in megajoules per hectare per hour annually, are two of the factors 
included in the equation. K is the soil erodibility factor in tons per hectare per megajoule per 
mm; P is the conservation practice factor; C is the cover management factor; and LS is a 
dimensionless combination of slope length and steepness.  

The impact of rainfall intensity on soil erosion is reflected in the erosivity of the rainfall 
factor (R), which expresses the erosivity of rainfall over a specific location based on the 
quantity and intensity of rainfall. The RUSLE's rainfall erosivity must describe the rate and 
quantity of runoff associated with rainfall and measure the impact of raindrops [14]. As the 
month-to-month data on precipitation are the most available**, the following formula is 
suitable** to calculate rainfall erosivity and erodibility as described by [15]; 
Where Pi is the monthly rainfall and P is the annual rainfall  

 The rate of soil erosion is represented by the soil erodibility factor. The 
permeability of the soil, its organic matter content, its texture, structure, and many other 
factors all affect the K factor. It is a measurement of the overall impact of a specific 
combination of soil properties. The following equation was applied [16]. 

(2) 

 (3) 

 (4) 

(5)  
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 (6) 

 (7) 
The L and S parameters in the USLE show how topography affects the erosion rate. 

Greater flow over land and soil erosion are indicated by longer slopes and steeper slopes. 
Furthermore, compared to differences in slope length, slope variations produce a much greater 
effect on gross soil loss [17]. Topography plays a significant role, especially when the ground 
slope exceeds the critical angle. The DEM was used to obtain the LS factor. This is because 
the terrain's slope length and slope steepness, which are required inputs for computing the LS 
factor, are provided by the DEM. Variables like flow accumulation and slope steepness must 
be taken into consideration. The LS factor was calculated using the equation below as 
recommended by [18]. 

𝐿𝑆 = 𝑃𝑜𝑤 (([Flow accumulation] ∗ CellSize)/22.1,0.4)) ∗ 
𝑃𝑜𝑤(([𝑠𝑖𝑛𝑆𝑙𝑜𝑝𝑒] ∗ 0.01745)/0.09,1.4) ∗ 1.4(3) 

Where the slope degree is indicated by "sinSlope," whose value is in sine; flow 
accumulation indicates the amount of cumulative upslope contributing area for a cell; the LS 
factor provides the factor of the length of the slope along with slope steepness; and cell size 
shows the size of a grid cell. 

The type and amount of vegetation cover have a significant impact on soil loss. In 
simple terms, vegetation cover absorbs the kinetic energy of raindrops before they reach the 
soil's surface, preventing raindrops from impacting the soil. According to [19], the type of 
vegetation, stage of growth, and percentage of vegetation cover all have a direct impact on the 
cover management factor (C), which indicates that the C factor can also be calculated by the 
NDVI used to quantify vegetation cover indicators. The range of the C-factor is 0 to 1 as 
suggested by [20], and it describes the amount of vegetation cover and the impact of crops on 
soil erosion. Vegetation coverage is thought to be essential for reducing water erosion. The 
relationship between soil erosion under specific vegetation and soil erosion on bare land is 
established by the NDVI. It also emphasizes how cover density and type affect soil 
preservation. The following equation was used to create a C-factor map as described by [21]. 
The estimation of the C factor from NDVI is a unique approach [22]. 

There are different formulas for calculating the C factor via NDVI; the following is the 
most suitable [23]. Using the JavaScript programming language in GEE, the Landsat 9 dataset 
collection of the least cloudy images was filtered to produce the median composite for 2023. 
Then, the NDVI index was computed to derive the C factor. The amount of time needed to 
retrieve, download, and prepare imagery is greatly reduced by using the GEE platform [24] 

𝐶 = (−𝑁𝐷𝑉𝐼 + 1)/2 (3.10) 
Where the curve shape for the NDVI and C factor is denoted by the unitless parameters 

α and β (α = 2 and β = 1) [25]. 

 (8) 
Another name for the conservation practice factor (P) is the support practice factor. 

According to the Association of Agricultural Land, the support practice factor has a 
mathematical value between 0 and 1. It shows an optimal P factor when it is near zero, and an 
improper P factor when it is near one [1]. P-factor measurements for slope according to 
agricultural practices are provided by [26]. 
Results and Discussions: 

To determine the erosion rate in the study area, the various components of the RUSLE 
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model were estimated. The annual rate of erosion was determined in tons per hectare per year 
using the RUSLE equation. The Raster Calculator, a tool in ArcGIS, was used to calculate and 
multiply the R, K, LS, and C factors to predict the rate of soil loss in the study region. More 
precise techniques for estimating soil erodibility (K), rainfall erosivity (R), cover management 
(C), and slope length and steepness (LS) are supported by the RUSLE model. Data collected 
on the various variables used to compute soil erosion will serve as a guide for developing 
suitable plans for land management and soil conservation. The study area's total amount of soil 
erosion loss, the severity of soil erosion's spatial distribution, and the locations of vulnerable 
sites are all estimated using RUSLE. 
Rainfall Erosivity Factor: 

The distribution pattern of annual rainfall is displayed in Figure 3. The values of annual 
rainfall were found to be 168 and 154, respectively. Diamer's yearly mean annual rainfall was 
319. The distribution pattern of the annual R factor is displayed in Figure 4. The values of R 
were found to be a minimum of 23 and a maximum of 184, respectively. Diamer's yearly mean 
R was 53, with a standard deviation of 33. The district's western region has the highest values 
of rainfall and experiences high erosivity. The acceptance and accuracy of the IDW method for 
interpolation in producing annual rainfall spatial data led to its use. 

 
Figure 3. Annual Rainfall 

 
Figure 4. Rainfall erosivity 

Soil Erodibility Factor: 
Different soil types (Table 2) are more or less susceptible to erosion. The K factor, also known 
as soil erodibility, refers to the soil's inherent susceptibility to runoff and rainfall-induced soil 
erosion. Soil erodibility can be determined by a variety of physical and chemical properties. The 
main factors that influence the size of particles, soil composition, organic matter, and soil 
permeability are the physical characteristics of soil that the RUSLE model considers most 
important in determining soil erodibility. The K factor for the study was created using the soil 
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map (shown in Figure 5) that was obtained from the Soil Survey of Pakistan. The calculated K 

factor values demonstrated that, with an average of 0.159 tons ha h ha⁻¹ MJ⁻¹ mm⁻¹, K values 

range from 0.15 to 0.18 tons ha h ha⁻¹ MJ⁻¹ mm⁻¹ (Figure 6).  

 
Figure 5. Soil Map 

 
Figure 6. Soil erodibility map 

Table 2. Major land types and soil mapping units recognized in the study area [27] 

Soil ID Land types/ Geomorphology Soil characteristics 

1 Mountain-Valley Systems Shallow/moderately deep, non-calcareous, acid 
to slightly alkaline soils in the mountains and 
deep, non-calcareous, acid/ neutral, medium 
textured soils in the valleys 

2 (Fair to good soil cover on 
mountain slopes) 

Shallow/moderately deep, calcareous, 
slightly/moderately alkaline soils in the 
mountains and deep, mainly non-calcareous, 
slightly/moderately alkaline, medium textured 
soils in the valleys 

3 (Patchy soil cover on mountain 
slopes) 

Shallow/moderately deep, mostly non-
calcareous, neutral/slightly alkaline soils in the 
mountains and deep, non-calcareous, neutral/ 
slightly alkaline, medium textured overlaying 
gravel/ stone bed in the valleys 

4  Scattered, shallow/ very shallow, calcareous, 
moderately alkaline soils in the mountains and 
moderately deep, calcareous, moderately 
alkaline, medium textured soils in the valleys 
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5 Gravelly Fans Gently sloping, shallow to moderately deep, 
non-calcareous, neutral/slightly alkaline, 
medium-textured soils overlying a  
gravel/stone bed. 

6  Nearly level to gently sloping, 
shallow/moderately deep, calcareous, 
slightly/moderately alkaline, medium to coarse 
textured soils overlying a gravel/stone bed 

7 Weathered Bedrock Gently sloping, moderately deep/deep, non-
calcareous, slightly alkaline, medium-textured 
soils 

8 Loess deposits Gently sloping, moderately deep, non-calcareous, 
neutral/slightly alkaline, mainly fine to 
moderately fine textured soils 

9  Level to gently sloping, deep, calcareous, 
moderately alkaline, mainly medium, some 
moderately fine-textured soils. 

10 Alluvial Basins/Valleys 
(Level/Nearly Level – Flat) 

Deep, non-calcareous, slightly alkaline, mainly 
medium-textured, some coarse-textured soils 

11  Deep, non-calcareous, slightly alkaline, mainly 
medium, some moderately fine-textured soils 

12 (Nearly level/Gently sloping, 
locally dissected) 

Deep, non-calcareous, acid/slightly alkaline, 
medium, partly coarse-textured soils 

13  Deep, calcareous, moderately/slightly alkaline, 
medium to coarse textured soils 

14  Moderately deep, calcareous, moderately alkaline, 
gravelly, coarse to medium textured soils 

15 (Gently sloping, locally 
dissected) 

Shallow/moderately deep, non-calcareous, 
acid/slightly alkaline, mainly medium-textured 
soils 

16  Shallow/moderately deep, calcareous, 
moderately alkaline, mainly medium, some 
coarse-textured soils 

17 Miscellaneous areas (Permanent 
snow/Glaciers) 

The area comprising perennial snow or a large 
mass of ice mixed with earthy materials. 

18 (Water body/ River course) Lakes, reservoirs, wetlands, and river courses 
comprising an area subject to frequent 
reworking by a major river 

Slope Length and Steepness Factor: 
Topography affects soil erosion in a range that is determined by the USLE's LS factor, 

which describes the effects of the slope steepness factor S and length factor L. In general, 
when the length of the slope (L) increases, soil erosion increases, and the soil erosion area 
grows as a result of the dynamic accumulation of excess flow in the downslope path. In the 
event that the slope's steepness increases, both runoff and velocity increase. The slope (Figure 
7) is measured in degrees and divided into four categories. The LS factor in this study is 
generated from the SRTM DEM, and its values range between 0 and 523 (Figure 8). 
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Figure 7. Slope map 

 
Figure 8. Slope length and slope steepness factor 

 
Figure 9. NDVI calculated from Sentinel-2 

Cover Management Factor (C): 
The calculated NDVI using Sentinel-2 imagery ranged between -0.17 and 0.65 (Figure 

9). A higher value for the C factor indicates a water body or barren land, whereas a lower value 
indicates an area with high vegetation cover. The cover management factor is also calculated 
from LULC (Figure 10) and its values ranged from 0.001 to 0.2, while the C factor calculated 
from Sentinel-2 (Figure 11) ranged between 0.17 and 0.58. The mapping and computation of 
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the C factor were done using the yearly composite of the NDVI in 2023. The study area's 
NDVI values range from -0.35 to 0.6 (Figure 12). Using GEE, the C factor mapping and 
NDVI of the region were created. It was discovered that the C factor value ranges from 0.15 
to 0.67 (Figure 13). 

 
Figure 10. C factor calculated from LULC 

 
Figure 11. C factor from Sentinel-2 imagery 

 
Figure 12. NDVI median composite of 2023 
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Figure 13. C factor calculated from Landsat imagery 

 
Figure 14. Land Use Land Cover 

Using Sentinel-2 images from the European Space Agency (ESA) between 2017 and 
2022, ESRI created a global LULC map. To analyze the distribution of land cover and 
vegetation in the area, the ESRI website (https://livingatlas.arcgis.com) provided the spatial 
data of land use/land cover (LULC) as shown in Figure 14. The impact of land use change on 
soil erosion and its interaction with climate change is well-established. However, because there 
are so many factors (such as socioeconomic, cultural, environmental, and political factors) that 
affect land use at all scales from local to global, predicting how land use will change in response 
to future climate conditions is not an easy task. Due to these complications, it is not surprising 
that the effect of climate change on soil loss is rarely examined in conjunction with changes in 
land use and vegetation development. 
Estimation of Potential Erosion: 

Increased soil erosion is predicted to result from climate change in many parts of 
the world, which will affect ecological services and human welfare. There are many 
strategies to measure how different climate changes affect soil erosion globally, how land 
use and conservation strategies may be able to lessen these effects, and how uncertain these 
effects are. 

With a mean value of 61 tons/ha/year, the estimated potential soil loss in the study 
area ranged from 0 to 4615 tons/ha/year, as shown in Figure 15. 
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Figure 15. Potential soil loss 

Actual Soil Erosion Using Landsat Image 
The actual soil loss (Figure 16) was calculated using the RUSLE five factors, with 

a mean value of 27 tons/ha/year; the projected actual average yearly soil loss is 2279.3 
tons/ha/year. The total area under the very low, low, moderate, high, and very high 
categories has changed by 32%, 36%, 17%, 10%, and 5%, respectively (Table 3). The spatial 
distribution of soil loss shown in Figure 17 is the graphical representation. 

 
Figure 16. Actual soil loss 

Table 3. Soil erosion area in percentage 

Soil Erosion tons/ha/yr Area in percentage 

Very low Less than 5 32% 

Low 5-25 36% 

Moderate 25-50 17% 

High 50-100 10% 

Very High >100 5% 
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Figure 17. Percentage coverage of the erosion risk zone 

Soil Erosion in Different Slope and Elevation Zones: 
Soil erosion varies across different slopes and elevation zones. Figure 18 shows 

that in four slope classes ranging from <5, 5-10, 10-30, and greater than 30, the mean soil 
loss is 14.5, 18.7, 24.9, and 31.3 tons/ha/yr, respectively. The soil loss was recorded as low 
on a slope less than 5, and it is higher on a slope greater than 30. The area has a maximum 
slope of 67 degrees. 

Soil erosion was also calculated for elevation zones (meters) from <2000, 2000-
3000, 3000-4000, 4000-5000, 5000-6000, and >6000 (Figure 19). Soil erosion in six classes 
of elevation was 21.5, 24.4, 32.7, 25.9, 27.4, and 30.7 tons/ha/yr, respectively. Soil erosion 
was minimal in the <2000 zone and maximal in the 3000-4000 elevation zone.. 

 
Figure 18. Average erosion rates on different slopes 
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Figure 19. Soil erosion at different elevation zones 

 
Figure 20. Soil erosion map using Sentinel-2 

Actual Soil Erosion Using Sentinel-2 Images 
The actual soil loss was also calculated using Sentinel-2 images, with a mean value 

of 26 tons/ha/year; the projected actual average yearly soil loss is 4636.7 tons/ha/year. 
The total area under the very low, low, moderate, high, and very high categories has 
changed by 32%, 36%, 17%, 10%, and 5%, respectively. The spatial distribution of soil 
loss is shown in Figure 20. 
Discussion: 

The findings of this study highlight the significant influence of rainfall erosivity (R), soil 
erodibility (K), slope length and steepness (LS), and cover management (C) on soil loss in the 
Diamer region. The R factor, which measures the erosive potential of rainfall, demonstrated a 
spatially variable pattern across the study area. Previous research has emphasized that rainfall 
intensity and volume are the dominant drivers of erosion [28][29]. In the current study, higher 
erosivity values were recorded in the western parts of the district, which correspond with regions 
experiencing greater rainfall intensity. These results confirm that intense precipitation events 
remain the primary determinants of soil detachment and transport, consistent with observations 
from other mountainous regions [29]. 

Soil erodibility (K), influenced by soil texture, structure, organic matter, and 
permeability, also played a critical role in erosion susceptibility. The calculated K values in this 

study ranged between 0.15- and 0.18-tons ha h ha⁻¹ MJ⁻¹ mm⁻¹, with an average of 0.159, 
suggesting moderate erodibility of the local soils. This aligns with findings by [30], who noted 
that soils with medium texture and low organic matter content are more prone to detachment. 
The distribution of soil mapping units further revealed that shallow and calcareous soils on 
mountain slopes were particularly vulnerable, reflecting the structural weaknesses of thin soil 
profiles in steep terrain. 

Topographic influences, measured through the LS factor, showed a strong positive 
correlation with erosion rates. As expected, steeper slopes and longer slope lengths amplified 
runoff velocity and erosive power, leading to increased soil loss [31]. In Diamer, soil erosion 
rates were significantly higher on slopes exceeding 30°, where the mean erosion reached 31.3 
tons/ha/yr, compared to only 14.5 tons/ha/yr on slopes below 5°. This relationship highlights 
the importance of slope stabilization measures in reducing erosion risks in mountainous areas. 

The cover management factor (C) was also found to exert substantial control over soil 
erosion. Vegetation covers significantly reduced soil detachment, with lower C values (0.001–
0.2) associated with croplands and forests, while higher C values (>0.5) corresponded to barren 
land and water bodies. The NDVI-derived C factor confirmed this relationship, indicating that 
vegetation cover remains the most effective natural barrier against erosion, a finding consistent 
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with [32]. Thus, areas with sparse vegetation or seasonal land use changes are more exposed to 
erosion hazards. 

When the combined effect of R, K, LS, and C was considered through the RUSLE 
model, the mean actual soil erosion was estimated at 27 tons/ha/yr, placing the majority of the 
study area in the "moderate to high" erosion category [15]. This value is higher than those 
reported for the Sub-Himalayan region (8.4 tons/ha/yr; [27] and Azad Jammu Kashmir (22.25 
tons/ha/yr; [33], but lower than estimates from the Hindu Kush (41.9 tons/ha/yr) and 
Himalaya (21.1 tons/ha/yr). Such variation reflects the combined effects of steep terrain, 
variable rainfall distribution, and heterogeneous land use in Diamer. 

Correlation analysis further strengthened these findings. Pearson’s correlation 
coefficients indicated a strong positive relationship between the C factor and soil erosion (r = 
0.94) and between the LS factor and soil erosion (r = 0.83), while NDVI showed a strong 
negative correlation with erosion (r = –0.77). These results reinforce the critical role of 
vegetation cover and slope conditions in regulating soil loss processes, consistent with earlier 
studies [34][1]. 

Overall, the discussion confirms that Diamer’s vulnerability to soil erosion is largely 
controlled by steep topography, high rainfall erosivity, and inadequate vegetation cover. Without 
targeted soil conservation strategies such as terracing, afforestation, and land-use regulation, soil 
degradation may intensify under projected climate change and land use dynamics. 
Limitations and Strengths: 

The RUSLE model is the most useful tool for estimating soil loss. This model is the 
best choice for developing countries with limited data since it can forecast soil loss with 
minimal information. Other models are complex and challenging to understand, and there is a 
high potential for errors, while RUSLE provides an easy and adaptable method for determining 
soil loss. However, it was developed using U.S. datasets; estimating soil erosion solely by 
multiplying different parameters would not provide an accurate result since aspects like routing 
and sediment deposition are not taken into account [35]. 

 
Figure 21. Pearson Correlation 
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Figure 22. Correlation coefficient 

The C factor and soil erosion show a highly significant correlation (0.94). Likewise, the 
LS factor and soil erosion show a highly significant correlation (0.83). The LS factor and NDVI 
have a strong negative correlation (-0.77) as shown in Figure 22. 
Conclusion: 

Using five factors, the long-term average annual mean of soil loss on slopes is estimated 
using the empirically based modeling approach known as RUSLE. It calculates soil loss based 
on comparable topography and climate conditions. The evaluation of soil erosion severity uses 
the RUSLE equation based on GIS that takes crop management, rainfall, soil, and DEM into 
account. Based on the degree of soil erosion, there are five categories for the rate. Five percent 
of the area is considered to be in severe danger, and 95% of the area is considered low-risk. 
Selected field surveys and ground truthing, covering large areas, are advantages of the NDVI-
based C factor. However, there are some drawbacks, such as limited exposure to specific factors 
that determine the C factor, such as canopy structure and vegetation cover health. On the other 
hand, the C factor mapping method, which uses the NDVI, satisfies the need to reduce field 
survey costs quickly. NDVI and RUSLE values seem to have a negative correlation, which 
means that the higher the mean NDVI values, the lower the RUSLE values. This indicates that 
the higher the precipitation levels, the higher the expected erosion during that period. This 
result is consistent with previous research showing a negative relationship between vegetation 
and soil erosion. The amount of time needed to retrieve, download, and prepare images was 
greatly reduced by the GEE platform. The amount of time needed to retrieve, download, and 
prepare imagery was greatly reduced by using the GEE platform, as it provides data that is 
already calibrated and geometrically corrected. Uploading data to the cloud and integrating it 
with existing material can be a highly convenient and quick operation if data is unavailable in 
GEE's databases. Process automation is possible thanks to GEE's IDE, which enables users 
to create their programming scripts to reduce computational time and effort. Uploading data 
to the cloud and integrating it with existing data can be a highly convenient and quick operation 
if data is unavailable in GEE's databases. Process automation is possible thanks to GEE's IDE, 
which enables users to create their programming scripts to reduce computation time and effort. 
The evaluation of the erosion impact of different agricultural systems and conservation support 
practices is aided by the comparison of potential and actual soil loss. The study also 
demonstrates that areas with higher rainfall are more susceptible to soil loss since the degree of 
rainfall erosivity and the rate of soil loss are closely correlated. The methodology for mapping 
and estimating various RUSLE parameters could also be useful for other similar studies. 
Additionally, this study demonstrates how effectively GIS and RUSLE methodologies work to 
develop the spatial pattern of soil erosion. Decision-makers may find similar estimates of 
projected soil loss and their spatial distribution useful in larger-scale planning and developing 
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soil conservation strategies at the regional level. 
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