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Abstract 

Land cover change is a significant driver of soil erosion. While soil erosion is a natural process, human activities can significantly 

alter the landscape, making soil more vulnerable to erosion. This erosion reduces a watershed's capacity to sustain vital natural 

resources and ecosystem services. This study investigated the impact of these changes on soil erosion within four hydrological 

units (Awach Kibuon, Awach Owade, Awach Kasipul, and Awach Kabondo) of the Awach Kibuon sub-basin between 2018 and 

2023. The specific objective of the study was to quantify the effect of land cover change on soil erosion rate and determine how 

specific land cover types affect soil erosion in the study area. This study employed a quasi-longitudinal design to assess the 

influence of land cover changes on soil erosion. Sentinel-2 NDVI satellite imagery provided land cover data. The land cover 

maps, soil data, rainfall data and the Digital Elevation Model were used in the Revised Universal Soil Loss Equation Model 

within a GIS environment to estimate soil erosion rates. The study revealed a consistent decline in vegetation cover across all 

hydrological units, as indicated by a decrease in NDVI. The mean NDVI decreased by 12.88%, 10.92%, 4.78%, and 11.92% in 

Awach Kibuon, Awach Owade, Awach Kasipul and Awach Kabondo respectively. Conversely, the mean soil erosion rate 

increased by 23.9% in Awach Kibuon, 17.85% in Awach Owade, 24.43% in Awach Kasipul, and 20.54% in Awach Kabondo. 

Sediment yield increased by 33% in Awach Kibuon, 18% in Awach Owade, 17% in Awach Kasipul, and 23% in Awach Kabondo. 

These findings suggest a direct relationship between reduced vegetation and elevated soil erosion. The relationship between land 

cover and erosion varies depending on the density of vegetation. Areas with dense vegetation cover have an inverse relationship, 

highlighting the protective role of vegetation cover. However, the study also observed that very dense vegetation areas which 

were also found in high-sloped areas experienced high soil erosion rates. The erosion rate increases even in areas that have 

experienced an increase in vegetation cover. This is because these areas are also found in high-sloped areas. The slope factor 

superseded the ability of vegetation cover to protect against soil loss. In conclusion, the change in land cover has significantly 

increased soil erosion in the Awach Kibuon Sub-basin, however, the slope factor also accelerated soil loss in the basin. Therefore, 

a holistic approach that combines promoting vegetation cover with land management techniques like terracing and drainage 

channels is crucial for mitigating soil degradation and water sedimentation in sub-basin. 
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1. Introduction 

Land cover change is an indication of human influence on 

natural landscapes [1]. Human activities such as overgrazing, 

deforestation, agriculture, mining, and settlement have sig-

nificantly accelerated land cover change [2]. While there are 

social and economic benefits associated with land cover 

change, it also has significant impacts on the natural envi-

ronment, human livelihood, and sustainability [1]. Global 

studies have shown that there has been a rapid decline in 

natural ecosystems. Lambin et al. [2] and Newbold et al. [3] 

demonstrated that agriculture has encroached upon forests, 

savannas, and grasslands across the globe to satisfy the need 

for food and fiber. According to Foley et al. [4], there was an 

approximate 3% increase in the world's croplands and pas-

tures between 1985 and 2005. FAO [5] estimated that the 

global forest had declined by approximately 129 million 

hectares between 1990 and 2015. A recent study by Winkler et 

al. [6] and Potapov et al. [7] estimated that the global land 

cover change is four times greater than it was last estimated. 

One of the major consequences of land cover change is 

increased soil erosion [8]. The presence of vegetation controls 

soil erosion through, its canopy, roots, and litter via rainfall 

interception, splash reduction, and rill erosion [9]. The re-

moval of natural vegetation through, deforestation, over-

grazing, and extensive crop cultivation has increased the 

vulnerability of soil to erosion [10]. This can have a signifi-

cant impact on food security due to a decline in soil fertility 

affecting productivity and a reduction in water quality and 

quantity caused by high sedimentation in water resources [11]. 

Soil erosion is considered one of the most serious environ-

mental hazards throughout the world [12]. Borelli et al. [8] 

ascertained that soil erosion restricts economic development 

due to its impact on soil fertility. According to Blake et al. [13] 

the on-site impact of soil erosion multiplies the physical and 

sociocultural problems of rural communities. 

It has been estimated that approximately 2.5 to 4 billion tons of 

soil are eroded annually worldwide, and landscape characteris-

tics account for about 65% to 74% of changes in sediment yield 

and soil erosion [14]. According to Ouyang et al. [15], land use 

change has a greater impact on soil erosion than the soil's in-

herent characteristics. Studies have predicted that future soil 

erosion rates will depend on the increase or decrease in land use 

[10]. Zhang et al. [16] have revealed that different conversion 

scenarios, such as converting farmland to forest or grassland to 

farmland, can result in varying sediment yield values. Borelli et 

al. [7] have suggested that a global reduction in agricultural land 

in favour of forest and semi-natural areas could reduce soil ero-

sion from 54% to 48% by 2070. 

Soil erosion is a major concern worldwide, with Africa facing 

a severe risk as a result of unsustainable land management prac-

tices and the lack of proper policies [8, 18]. According to Blake 

et al. [13], and Fenta et al. [19] soil erosion is a pressing social, 

economic, and environmental issue in many African countries 

since about 83% of sub-Saharan African countries depend on 

land for their livelihood and food production. Soil erosion in 

Africa is driven by factors such as high soil erodibility, defor-

estation, desertification, poor soil conservation methods, and 

intensive agriculture [19]. Addressing soil erosion in African 

countries is important as it will also address various economic, 

social, and environmental challenges. 

Soil erosion assessment risk in Kenya revealed that 61.4% of 

the total area of Kenya was affected by high soil erosion and 

27.2% was affected by very high soil erosion. This was at-

tributed to biophysical conditions such as topography, erodible 

soils, and weather conditions. However, human activities pose a 

great threat to soil erosion due to unsustainable land management 

practices such as over-cultivation, overgrazing, and conversion 

of forest areas to other land use. Several studies conducted in 

Kenya have also found links between land cover change and soil 

erosion in different catchment areas. For example, studies by 

Humphrey et al. [20] in the Lake Victoria basin, Moses [21] in 

the River Nzoia basin, Boitt et al. [22] in Kerio Valley, and 

Watene et al. [23] in the Great Rift Valley demonstrated that 

change in land cover affects soil erosion at different spatial and 

temporal scales. Therefore, developing catchment-level models 

that can accurately predict soil loss from a watershed level based 

on its unique conditions such as land use and land cover changes 

can be extremely useful for land use planners, resource managers, 

policymakers and conservation practitioners, who are working to 

manage and mitigate impacts at the watershed level agriculture. 

The Sub Catchment Management Plan (SCMP) and the 

Homabay County Integrated Development Plan (CIDP) both 

identify deforestation, soil erosion, wetland and river bank deg-

radation, land fragmentation, sedimentation, and flooding as the 

primary environmental challenges in the sub-basin. Rapid pop-

ulation and general poverty have led to inefficient and unsus-

tainable economic activities, such as inappropriate farming 

practices and encroachment of agricultural lands into fragile 

natural habitats, particularly in buffer zones along river courses, 

hill slopes, woodlands, forest reserves, and wetlands. Multiple 

yearly cropping has also contributed to the problem. According 

to Misigo & Suzuki [24], the sediment load in the sub-basin is 

the highest in comparison to other river basins in Nyanza Gulf, 

with a value of 1.06 t/ha. 

Studies have not been done in the Awach Kibuon sub-basin to 

quantify the effect of land cover change on soil erosion. The 

existing conservation efforts by Water Resource Users Associa-

tions (WRUAs) lack crucial scientific guidance on erosion hot 

spots, hindering their effectiveness. Effective soil erosion control 

demands a deeper understanding of its mechanisms, predicted 

erosion quantity and distribution, and potential mitigating strat-

egies to inform conservation policies [13, 19, 30]. This study 

addresses these gaps by quantifying the effect of land cover 

change on soil erosion in the Awach Kibuon sub-basin. This 

study aims to quantify the impact of land cover change on soil 

erosion within the Awach Kibuon sub-basin. Specifically, it 

addresses the following questions: How does land cover change 
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affect the soil erosion rate? And how do different land cover 

types contribute to soil erosion? By determining the relationship 

between land cover and erosion, the study identifies high-risk 

erosion areas and quantifies the relative contribution of each land 

cover type to soil loss. These findings will inform the develop-

ment of targeted conservation strategies to mitigate soil erosion 

in the sub-basin. 

2. Materials and Methods 

2.1. Study Area 

The Awach Kibuon sub-basin is situated in western Kenya 

and falls under the Lake Victoria South Basin Area (LVSBA). 

The sub-basin covers an area of 634 km
2
. The altitude of the 

basin varies from 1200-2000m above sea level. The sub-basin 

is subdivided into four major basins namely Awach Kabondo, 

Awach Owade, Awach Kasipul, and Awach Kibuon. Figure 1 

shows the map of the study area. Approximately 1400 mm of 

rainfall falls into the basin annually [26]. The major river in 

the basin is River Awach Kibuon which is about 52km long 

and begins at the confluence of Awach Kabondo and Awach 

Kasipul, both having their origins in Nyamira highlands. It 

flows in the North-west direction and drains its water into 

Lake Victoria [27]. 

 
Figure 1. The map of Awach Kibuon Sub-basin. 

2.2. Methodology 

2.2.1. Land Cover Analysis 

The creation of automated pipelines that enable the down-

loading of satellite datasets based on specific requirements 

such as dates, location, and processing, and the ability to 

perform operations such as generating Normalized Difference 

Vegetation Index (NDVI), has helped to overcome the limi-

tations in satellite data processing [28, 29]. One of these 

pipelines is the System for Earth Observation Data Access, 

Processing and Analysis for Land and Monitoring (SEPAL) 

designed by the Food and Agriculture Organization (FAO). 

SEPAL platform allows users to access powerful 

cloud-computing resources to query, access and process sat-

ellite data quickly and efficiently for creating advanced 

analyses [30]. In this study, high-resolution Sentinel-2 NDVI 

images were downloaded from SEPAL for the four hydro-

logical units (HRUs) within the study area: Awach Kibuon, 

Awach Owade, Awach Kasipul, and Awach Kabondo, to an-

alyse the land cover changes between 2018 and 2023. Estab-

lished thresholds were used to classify NDVI values into six 

land cover categories as shown in Table 1 below. ArcMap 

10.8 was then used to analyze the images and determine the 

area under each category. Microsoft Excel was used to cal-

culate the area percentage change for each category from 

2018 to 2023. The NDVI allowed for the delineation of veg-

etation distribution based on the characteristic reflectance 

patterns of green vegetation. NDVI of the four HRUs were 

generated following their difference in land cover categories 

in the study area. This yielded different vegetation cover 
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categories depending on vegetation healthiness and extent. 

The advantage of using NDVI for land cover classification 

lies in its simplicity and ease of use by leveraging the distinct 

reflectance properties of vegetation compared to other land 

cover types [31]. 

Table 1. NDVI classification Scheme. 

NDVI Range Land Cover Category 

Below 0 Water bodies 

0 - 0.3 Non-photosynthetic 

0.3 - 0.4 Moderately vegetated 

0.4 - 0.6 Sparsely vegetated 

0.7 – 0.6 Densely vegetated 

Above 0.7 Very Densely vegetated 

2.2.2. Soil Erosion Rate Analysis 

This study employed the RUSLE model to estimate soil 

erosion rate. The model considers five key aspects: rainfall 

erosivity, soil erodibility, slope characteristics, land cover 

management, and conservation practices, allowing for tar-

geted evaluation of erosion risk [32]. The RUSLE model is 

popular in soil erosion estimation because it is straightforward, 

user-friendly, easy to incorporate erosion factors, and it is 

adaptable within GIS for spatially mapping soil loss [8, 

33-35]. The model estimates gross soil erosion using Equation 

1 below 

𝐴 = 𝑅 𝑥 𝐾 𝑥𝐿𝑆𝑥 𝐶 𝑥 𝑃          (1) 

Where A is the average annual soil loss per unit area 

(t/ha/year), R is the rainfall erosivity factor 

(MJ.mm.ha
-1

h-1yr
-1

), K is a soil erodibility factor 

(t/ha/MJ/mm), LS is a slope length and steepness factor 

(Dimensionless), C is a cover management factor (Dimen-

sionless), and P is a support practice factor (Dimensionless). 

Rainfall erosivity (R-factor) 

R factor is an indicator of the capability of water to detach 

and transport soil particles. It is sensitive to the intensity and 

duration of the rainfall and is calculated based on the average 

precipitation of the area [36]. In this study, 50 random points 

were selected from the study area. Daily rainfall (in mm) of 

each point from the year 2018 to 2023 was obtained from 

CHIRPS using Google Earth Engine. The mean annual pre-

cipitation (MAP) for each point was then calculated using 

Microsoft Excel. The ArcMap 10.8 was used to analyze the 

data by first editing the attribute table to include MAP. The 

Inverse Distance Weighting Method (IDWM) interpolation 

technique in the Spatial Analyst tool of ArcMap was then used 

to interpolate MAP for the whole study area. The raster cal-

culator in the ArcMap was used to estimate the rainfall ero-

sivity factor using Hurni method [37]. The equation is ex-

pressed as; 

R = -8.12 + (0.562×MAP)       (2) 

Where R is the Rainfall erosivity factor in MJ mm h ha
-1

 

yr
-1

 and MAP is the mean annual precipitation in mm. 

Soil erodibility (K-factor) 

The K-factor plays a pivotal role in evaluating soil suscep-

tibility to erosion from rainfall and runoff erosive forces, 

signifying the impact of soil properties on the process of soil 

loss [34]. In this study, the soil data was acquired from Soil 

and Terrain Database for Kenya (KENSOTER) database ras-

ter maps. The sand, clay, silt and organic carbon content of 

each soil type was extracted and used to calculate the soil 

erodibility in excel. The Williams equation was used to de-

termine the K factor. The equation is presented as; 

K = fcsand × fcl−si × forgc × fhisand        (3) 

Where fcsand reflects lower soil erodibility for soils with 

higher proportions of coarse sand. Soils rich in coarse sand are 

typically less prone to erosion, hence receiving lower erodi-

bility factors. fcl−si addresses the clay to silt ratio, this factor 

reduces soil erodibility for soils with higher clay to silt ratios. 

Forgc reflects a reduced soil erodibility, this factor pertains to 

soils with higher organic carbon content. Fhisand is specifically 

related to soils with extremely high sand contents, this factor 

diminishes soil erodibility [38]. 

𝑓
csand 

= 0.2 + 0.3 × 𝑒𝑥𝑝 *−0.256 × 𝑀𝑠 × (1 −
𝑀𝑠𝑖𝑙𝑡

100
)+ (4) 

 𝑓𝑐𝑙−𝑠𝑖 = *
𝑀𝑠𝑖𝑙𝑡

𝑀𝑐+𝑀𝑠𝑖𝑙𝑡
+

0.3
            (5) 

𝑓
orgC 

=
0.0256×𝑀𝑜

𝑀𝑜+𝑒𝑥𝑝 [3.72−(2.95×𝑀𝑜)]
         (6) 

𝑓
hisand 

= 1 − 0.7 ×
1−

𝑀𝑠

100

(1−
𝑀𝑠

100
)+𝑒𝑥𝑝 *−5.51+22.9×(1−

𝑀𝑠

100
)+

   (7) 

Where the K-factor, influenced by soil composition, en-

compasses various components such as sand (%), silt (%), 

clay (%), and organic matter (%). The values of the K-factor 

typically fall within the range of 0 to 1. A higher K-factor 

value indicates an increased susceptibility to erosion caused 

by water [39]. 

Slope length and steepness (LS factor) 

The LS factor, a key component of the Revised Universal 

Soil Loss Equation (RUSLE), quantifies the influence of 

topography on soil erosion processes [32]. It integrates the 

impacts of slope length (L) and steepness (S), reflecting the 

combined effect of gravity on surface runoff dynamics [25]. 

On longer and steeper slopes, runoff accumulates and accel-

erates, intensifying flow velocity [40]. This, in turn, increases 

shear stress on soil particles, leading to greater detachment 
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and transport by erosive forces [12]. GIS and remote sensing 

techniques, particularly Digital Elevation Models (DEMs), 

provide efficient tools for calculating the LS factor at various 

scales [41]. The LS factor for this study was determined using 

12.5m DEM for the area of interest downloaded from ALOS 

PALSAR available for free at http://search.asf.alaska.edu. The 

Hydrology tool in ArcGIS was then used to generate slope and 

flow accumulation. The flow accumulation was generated by 

first undertaking DEM fill sink, then flow direction, and lastly 

flow accumulation. The LS factor was then calculated using 

Stone and Hilborn [42] method as presented in the equation is 

presented as follows: 

𝐿𝑆 = (𝑠𝑙𝑜𝑝𝑒 𝑙𝑒𝑛𝑔𝑕𝑡/22.13), 𝑁𝑀 × (0.065 + 0.045 ×

𝑠𝑙𝑜𝑝𝑒 + 0.0065 ∗ 𝑠𝑙𝑜𝑝𝑒 × 𝑠𝑙𝑜𝑝𝑒)    (8) 

Where slope length (m) is Flow accumulation × DEM cell 

resolution, the slope is in degrees, and NM is the value de-

pendent on an average slope. NM is 0.2 if slope <1, 0.3 if 1 ≤ 

slope < 3, 0.4 if 3 ≤ slope < 5, and 0.5 if slope ≥ 5 

Cover Management Practice (C-Factor) 

Among the factors in the RUSLE model, the C-factor 

stands out for its dynamism. While soil characteristics, rain-

fall, and even slope can remain relatively stable over long 

periods, land cover and management practices, captured by 

the C-factor, are subject to constant change due to human 

activities [32]. This dynamism makes the C-factor crucial in 

assessing soil erosion risk and evaluating the effectiveness of 

conservation efforts. This approach leverages the strong cor-

relation observed between the Normalized Difference Vege-

tation Index (NDVI) and the C-factor [43]. NDVI, derived 

from remote sensing data, provides a readily available and 

objective measure of vegetation cover, making it a valuable 

tool for rapid and large-scale C-factor estimation [44]. The 

C-factor in this study was derived from the Sentinel-2 NDVI 

data downloaded from the SEPAL platform. Using ArcMap, 

the attribute table of the images was used to derive the 

C-factor using Equation 9. 

𝐶 =  
−𝑁𝐷𝑉𝐼+1

2
                (9) 

Conservation practice (P-factor) 

The support practice factor (P-factor) is crucial in defining 

how land management practices impact the runoff and erosion 

rates, encompassing methods like contouring, strip-cropping, 

terraces, and contour furrows [10]. However, due to chal-

lenges in directly observing or quantifying the effects of 

support practices, numerous studies have encountered diffi-

culties in accurately determining this factor. Consequently, 

many studies opt not to consider the P-factor [17, 45]. Addi-

tionally, according to Fente et al. [19], the distribution of 

conservation practices is scant and their effectiveness often 

quickly declines over time in various parts of East Africa. 

Therefore, this study did not take into consideration the 

P-factor. 

2.2.3. Sediment Yield Analysis 

Sediment yield is not usually available as a direct measure 

but can be estimated as a statistical product of SDR and mean 

soil erosion (35). Sediment yield is estimated as; 

Sy = SE × SDR                   (10) 

Where Sy is sediment yield in t/h/yr, SE is the average 

annual soil erosion in t/h/yr, and SDR is the sediment delivery 

ratio. 

SDR reflects the storage capacity of eroded soil or sediment 

within a basin (33). The basin area methods are the most 

commonly used methods to determine the SDR (21). For this 

study, the estimation of SDR adopted the Boyce (1975) 

method expressed as in equation 11 below 

𝑆𝐷𝑅 = 0.41𝐴0.3                    (11) 

Where; A is the basin area in square kilometers. 

3. Results 

3.1. Land Cover Trend in Awach Kibuon 

Sub-Basin 

The general mean NDVI declined from 0.598 to 0.5211 in 

Awach Kibuon, 0.641 to 0.571 in Awach Owade, 0.669 to 

0.637 in Awach Kasipul and 0.663 to 0.584 in Awach 

Kabondo from 2018 to 2023. Awach Kibuon recorded the 

highest reduction in land cover at 12.88% while Awach 

Kasipul recorded the least reduction by 4.78%. 

Figure 2 shows the percentage area under each land cover 

class. The study revealed increased non-vegetated, sparsely 

vegetated, and moderately vegetated areas across all the 

HRUs. Conversely, densely vegetated areas declined in all 

4 HRUs from 2018 to 2023. Very densely vegetated areas 

increased in Awach Kibuon and Kasipul and decreased in 

Awach Owade and Awach Kabondo. Generally the study 

showed a significant decline in densely and very densely 

vegetated areas and a significant increase in moderately veg-

etated areas. This demonstrates expansion of agricultural 

lands at the expenses of natural forest and shrub lands and 

grasslands. Figure 4 shows the spatial distribution of land 

cover classes in the sub-basin. 
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Figure 2. Percentage area per land cover class. 

Table 2. Percentage land cover change. 

NDVI Class NDVI Range 

HRUs 

Kibuon Owade Kasipul Kabondo 

Non Vegetated areas 0-0.3 2.24 1.44 0.79 1.06 

Sparsely vegetated 0.3-0.4 5.44 5.03 2.59 4.89 

Moderately vegetated 0.4-0.6 20.38 18.34 12.33 19.59 

Densely vegetated 0.6-0.7 -32.53 -6.63 -31.02 -3.15 

Very densely vegetated Above 0.7 4.67 -18.17 15.30 -22.40 

 
Figure 3. Graphical presentation of % land cover change. 
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Figure 4. Spatial distribution of land cover types in 2018 and in 2023. 

3.2. RULSE Factors 

The mean R-factor of the sub-basin ranged from 825.65 – 

1189.73 MJ mm ha/h/yr. The R-factor increased with an increase 

in MAP. The mean K-Factor of the sub-basin ranges from 0.107 to 

0.122 ton ha
-1
 MJ/mm. The low K-factor values were majorly 

attributed to the soil type and soil texture in the sub-basin. The 

dominant soil types in the Awach Kibuon sub-basin are the Luvic 

Phaeozems and Humic Nitisols. Both the soil types are character-

ized by significant accumulation of clay [46]. The soil texture 

classification indicated that over 90% of the land had clay soil 

texture. Clay soils have high water retention capacity, reducing the 

susceptibility to erosion [45]. The mean LS factor of Awach 

Kibuon. Owade, Kasipul and Kabondo were determined to be 

0.56, 0.87, 1.09 and 0.87 respectively. The mean C-factor in 2018 

was determined to be 0.200, 0.178, 0.150, and 0.168 in Awach 

Kibuon, Owade, Kasipul, and Kabondo respectively. These values 

increased in 2023 to 0.239, 0.214, 0.181, and 0.207 respectively. 

Low C-factor was associated with densely and very densely veg-

etated areas. Figure 5 shows the spatial distribution of RUSLE 

factors. 

   

  
Figure 5. Spatial distribution of RUSLE factors. 
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3.3. Soil Erosion Rate 

The study revealed an increase in soil erosion rates between 2018 and 2023 across all four HRUs as shown in Table 3. 

Table 3. Mean soil erosion rate t/ha/yr per HRU. 

HRU 2018 2023 % change in soil erosion rate 

Kibuon 9.54 11.82 23.9% 

Owade 15.41 18.16 17.85% 

Kasipul 20.5 25.52 24.43% 

Kabondo 19.43 23.42 20.54% 

Areas experiencing very low and low soil erosion rates decreased while areas experiencing moderate, high and very high 

erosion rates increased Table 4. 

Table 4. Percentage area under each soil erosion risk class. 

HRU Kibuon Owade Kasipul Kabondo 

Year 2018 2023 2018 2023 2018 2023 2018 2023 

very Low 38.5 30.2 21.2 14.4 12.0 8.5 19.3 12.8 

low 26.8 25.7 27.9 25.2 19.1 15.3 26.6 22.8 

moderate 22.9 27.0 28.4 31.6 29.9 27.6 24.7 28.1 

High 8.3 11.7 13.1 16.3 20.6 23.7 13.4 16.4 

Very high 3.5 5.4 9.4 12.4 18.3 24.9 15.9 20.0 

  
Figure 6. Spatial distribution of soil erosion risk. 

Soil erosion hotspots were identified as areas experiencing extremely high soil loss rates exceeding 35 t/ ha/ yr. These criti-

cal areas include Rakwaro, Oyugis, Isecha, Nyabiota, Tinga, Nyamaiya, Kioge, Gekendo, Nyabite, Nyamira, and Kebiring. 

http://www.sciencepg.com/journal/ijnrem


International Journal of Natural Resource Ecology and Management  http://www.sciencepg.com/journal/ijnrem 

 

90 

3.4. Influence of Land Cover Type Change on Soil Erosion 

Figure 7 shows the mean soil erosion in each land cover class. 

 
Figure 7. Mean soil erosion rate per land cover class. 

Table 5. Percentage in Mean soil erosion from 2018 to 2023. 

% change in mean soil erosion 

Land cover class Kibuon Owade Kasipul Kabondo 

Non-Vegetated 5.85 4.03 2.71 3.79 

Sparsely vegetated 34.01 11.88 1.38 15.26 

Moderately vegetated 23.99 17.24 8.29 23.98 

Densely Vegetated 24.17 24.51 28.24 4.36 

Very Densely Vegetated 84.29 33.72 30.57 53.57 

 
Figure 8. Graphical presentation of change in mean soil erosion from 2018 to 2023. 

The study indicates that there was an increase in soil ero- sion rate from 2018 to 2023 in all the land cover classes across 
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the four HRUs. Pearson correlation coefficient (r) and Cor-

relation of determination (R
2
) analysis were done between 

change in mean soil erosion rate per land cover class and 

change in percentage land cover area for each land cover class. 

The results indicated that Non-vegetation exhibits the 

strongest correlation (r = 0.98, R² = 0.96), with nearly 96% of 

the variation in soil erosion explained by the lack of vegeta-

tion. This confirms existing knowledge that bare soil is highly 

susceptible to erosion because it lacks the protective cover 

and binding action of vegetation. Sparse vegetation (r = 0.83, 

R² = 0.69) and moderate vegetation (r = 0.97, R² = 0.94) also 

display a strong positive correlation. While there was an in-

creased sparse and moderate vegetation in Awach Kibuon, 

these vegetation levels appear insufficient to control soil ero-

sion. This is likely due to the dominance of agricultural lands 

and degraded grasslands that represented these land cover 

classes. The constant soil disturbance from tilling and grazing 

weakens the soil structure, increasing its susceptibility to 

erosion by runoff. Dense vegetation in Awach Kibuon exhib-

ited a strong negative correlation (r = -0.68, R
2
 = 0.45) be-

tween vegetation density and soil erosion rate. This means 

denser vegetation cover significantly reduces soil erosion. 

These areas were dominated by tea plantations and shrublands, 

which effectively intercept rainfall and bind soil particles, 

minimizing erosion by runoff. This highlights the crucial role 

of dense vegetation in preventing soil loss. However, there 

was no significant correlation between the very densely veg-

etated areas and soil erosion (r = -0.02, R
2
 = 0). The study also 

noted that high soil erosion rates persisted in high-density 

areas. Even areas that experienced an increase in very dense 

vegetation such as Awach Kibuon and Awach Kasipul, still 

experience an increase in soil erosion. Very densely vegetated 

areas were in higher slopes; therefore, effect of steep slopes 

outweigh the protective effect of dense vegetation in these 

locations. 

3.5. Sediment Yield Trends 

The SDR value was determined to be 0.09, 0.1, 0.09, and 

0.08 in Awach Kibuon, Owade, Kasipul and Kabondo. This 

implies that 8% to 10% of the total soil eroded is translated to 

the river in the sub-basin. A similar study conducted by Moses 

(21) in River Nzoia basin using the same method indicated an 

SDR value of 0.121.  

In 2018, the sediment yield in Awach Kibuon, Owade, 

Kasipul, and Kabondo were 0.5, 0.91, 1.21, and 1.02 t/ha/yr. 

In 2023 the sediment yield increased to 0.63, 1.26, 1.43, and 

1.52 t/ha/yr in Awach Kibuon, Owade, Kasipul, and Kabondo 

respectively. These findings were in range with the observed 

sediment load by Water Resource Authority (WRA) in 2014 

in Awach Kibuon basin where the sediment load was esti-

mated to 0.79 t/ha/yr. Similarly, Misigo & Suzuki (24) esti-

mated the sediment load of the same basin to be 1.06 t/ha/yr. 

These findings validates the study’s RUSLE model output. 

The findings of the study were also in range with finding of a 

study conducted in Kenya conducted by Moses (21), who 

estimated the sediment yield of Nzoia basin to be 

1.0696Mton/yr. 

Sediment yield increased from 2018 to 2023 by 0.19%, 

0.28%, 0.15%, and 0.33% in Awach Kibuon, Owade, Kasipul, 

and Kabondo. The data suggest an upward trend in sediment 

export, which is consistent with the upward trend in soil loss. 

The decline in general land cover has resulted into increase in 

soil erosion and sediment yield in the basin. The study indi-

cated a moderate correlation (r > -0.6, R
2
 > 0.4) between land 

cover change and sediment yield. This implies that change in 

land cover and sediment yield has an inverse relationship. 

However, only 40% of the change in sediment yield from 

2018 to 2023 is attributed by change in land cover. Other 

factors such as slope and rainfall could have played a signif-

icant role in the change in sediment yield. 

4. Discussion 

Awach Kibuon sub-basin is a rural agricultural area. The 

livelihoods of the Awach Kibuon community are anchored on 

mixed farming where the community practices crop produc-

tion and livestock keeping. The entire catchment area, except 

for the floodplains near Lake Victoria, is used for cultivation. 

The natural forest has been almost completely cleared, and 

even steeper slopes are under agriculture. Fast-growing eu-

calyptus trees have been planted to replace the indigenous 

species. The analysis of land cover trends in the sub-basin 

reveals a shift towards less vegetated landscapes. This is ev-

idenced by an increase in non-vegetated areas, likely due to 

the development of roads, settlements, and bare land. Sparsely 

vegetated areas are also increasing, suggesting an expansion 

of farmlands with minimal plant cover and unmanaged 

grasslands and shrublands. The increase in moderately vege-

tated areas indicates the conversion of land into agricultural 

fields, indicating the growth of arable land within the 

sub-basin. 

Conversely, densely vegetated areas declined. These areas 

represent shrubland, bushlands, tea vegetation and dense 

grasslands. Awach Kibuon exhibited the highest decline in 

this land cover class (densely vegetated areas). This is due to 

deforestation and encroachment of natural shrubland to pro-

vide more land for agriculture. Similarly, very densely vege-

tated areas decreased in Awach Owade This land cover class 

represented areas under forest plantation and natural forested 

areas. The decline might have been attributed to timber har-

vesting from forest farms and deforestation from natural for-

ests. However, in Awach Kibuon and Awach Kasipul, very 

densely vegetated areas increased. This increase is due to a 

rise in farm forestry within the sub-basins, driven by its po-

tential as an alternative income source through timber and 

firewood sales. The land cover trend findings in the Awach 

Kibuon sub-basin are aligned with the findings of Watene et al. 

[23], Kogo et al. [39], and Moses [21] in Kenya, which 

documented similar declines in forested and shrubland areas 
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alongside agricultural land expansion. 

Soil erosion rate increased from 2018 to 2023 in all the 

HRUs (Table 3). Awach Kabondo and Awach Kasipul stand 

out as priority areas for soil erosion conservation due to their 

alarmingly high soil erosion rates, exceeding 20t/ha/yr. More 

specifically conservation priority should be given to areas that 

lose soil at a rate greater than 35 t/ha/yr as shown in Figure 5. 

They include areas around Rakwaro, Oyugis, Isecha, Nya-

biota, Tinga, Nyamaiya, Kioge, Gekendo, Nyabite, Nyamira, 

and Kebiring.  

The mean soil erosion rate estimated for the study area is 

different from those of similar studies undertaken in Kenya. For 

example, the mean soil erosion of Sio, yala and Upper Nzoia 

were 12.3, 7.5, and 12.2 t/ha/yr respectively [39]. According to 

Kanda et al. [47], the mean soil erosion in Elgeyo escarpment 

was 18t/ha/yr. Watene et al. [23] estimated the mean soil ero-

sion rate of the Kenya Great Rift Valley to be 7.14 t/ha/yr. This 

difference in means among the watersheds is due to variability 

in factors such as topography, rainfall, and land cover. 

The increase in soil erosion rate is likely to be attributed to 

land cover changes. The main manipulation factor in this study 

was the C factor, and potential soil erosion prediction was 

conducted using both the C-factor values for 2018 and 2023. A 

strong negative correlation (Pearson correlation coefficient r = 

-0.9) exists between mean soil erosion and the C-factor. The 

coefficient of determination (R²) was also high, > 0.8. This 

indicates a strong relationship between land cover changes 

(reflected by C-factor) and increased soil erosion. The increase 

in soil erosion could be influenced by the increase in 

non-vegetated areas, sparsely vegetation areas and moderately 

vegetated areas. Also, decline in areas under densely vegetated 

and very densely vegetated areas. The consistent disturbance of 

land tillage combined with unsustainable agricultural practices 

might be the reason for increasing soil erosion levels in these 

areas. Studies have shown that the soil erosion rate is exacer-

bated by land cover. Dense vegetation such as forests and shrub 

land act as shields against soil erosion [44]. Plant roots bind soil 

particles together, while above-ground vegetation intercepts 

rainfall, reducing its impact on the soil surface [17]. When 

these natural covers are removed to pave the way for agricul-

ture and development, the soil becomes exposed and vulnerable 

to surface runoff, accelerating erosion [10]. 

Further analysis on the influence of each land cover class 

on soil erosion rate showed a positive correlation between 

non-vegetated areas, sparsely vegetated areas and moderately 

vegetated areas and soil erosion rate. This revealed that such 

vegetation cover was not effective at controlling soil erosion 

rate. Conversely, there was a negative correlation between 

densely vegetated areas and soil erosion rate. This indicated 

the importance of vegetation type on soil erosion control. The 

study also showed that high soil erosion rates persisted in 

high-density areas. Even areas that experienced an increase in 

very dense vegetation such as Awach Kibuon and Awach 

Kasipul, still experience an increase in soil erosion. This is 

likely due to the effect of slope because these areas were also 

found in steeper slopes. This indicated the effect of steep 

slopes in these areas outweighs the protective effect of the 

dense vegetation in these locations. Although vegetation un-

deniably plays a key role in soil erosion control, recent studies 

by Wu et al. [48] emphasize the influence of other environ-

mental factors such as slope that affect the effectiveness of 

vegetation cover in controlling soil erosion. Their research 

suggests that the erosion-mitigating power of vegetation 

weakens on steeper slopes, with the most significant reduc-

tions in runoff occurring between 20° and 30° slope, and 

sediment reduction between 10° and 25° and vegetation has no 

benefits in controlling soil erosion in slopes exceeding 30°. A 

study conducted in Kenya by Kogo et al. [39] also found that 

the soil erosion rate increased with an increase in slope. It was 

observed that the high mean soil erosion rates experienced in 

Awack Kabondo and Awach Kasipul were mainly contributed 

by the slope factor. These areas also experienced high rainfall 

compared to the rest of the basin. The combination of slope and 

rainfall increased soil erosion in these areas. Therefore, special 

priority should be given to soil conservation in these areas to 

reduce the erosive capacity of water runoff and solve the soil 

loss problem and its impacts on water resources. 

5. Conclusion 

This study aimed to assess the influence of land cover 

change on soil erosion and sediment yield in the Awach 

Kibuon Sub-basin. The land cover in the Awach Kibuon 

Sub-basin was classified using high-resolution sentinel-2 

NDVI images obtained from www.sepal.io. An empirical 

RUSLE model that determines soil loss by integrating dif-

ferent factors (R, K, LS, P, and C) was used to estimate the 

average annual soil loss. The C-factor was given importance 

to determine the change in soil loss from 2018 to 2023. The 

vegetation cover trend on the Awach Kibuon Sub-basin was 

marked by an increase in areas with no vegetation to moder-

ately vegetated areas indicating increase in bare lands, set-

tlement, and agricultural lands. Conversely, higher vegetation 

density areas such as shrub land and forested lands declined. 

The land cover change attributed to a decline in vegetation 

cover led to increased soil erosion rates in the sub-basin. 

The study found that different types of land cover have 

varying effects on soil erosion. Non-vegetated, sparsely veg-

etated, and moderately vegetated areas have a direct rela-

tionship with soil erosion. In contrast, densely vegetated areas 

had an inverse relationship, indicating the role of vegetation 

cover in soil erosion control. In addition to land cover, slope 

also played an important role in accelerating soil erosion in 

sub-basins, especially in Awach Kasipul and Awach Kabondo. 

The study observed that high-sloped areas were experiencing 

higher soil loss despite higher vegetation cover. 

There is a need for a holistic approach in managing soil loss. 

Land management strategies that increase vegetation cover, 

especially in vulnerable areas, are crucial for combating soil 

erosion and preventing water resource sedimentation. The 
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study has demonstrated that densely vegetated land cover can 

significantly reduce soil erosion rate. Therefore, there is a 

need to promote vegetation cover through agroforestry, forest 

restoration efforts, and limiting the clearing of natural forests 

and shrub lands. Additionally, terraces should be constructed 

in highly sloped areas to help reduce water flow velocity and 

encourage infiltration. Gathangu et al. [49] showed that im-

plementing terraces, especially in agricultural lands, can de-

crease sediment yield by 80.7% at the catchment outlet. This, 

in turn, reduces the amount of sediment in reservoirs and 

water infrastructure. These findings emphasize the need for 

prioritizing land management practices that promote and 

maintain vegetation cover. Understanding the intricate rela-

tionship between land cover changes, erosion rates, and 

sediment yield is crucial for formulating targeted policies that 

support integrated watershed management. By implementing 

such strategies, conservation practitioners can work towards 

mitigating soil erosion and protecting the health of the Awach 

Kibuon Sub-basin. The output of this study will provide val-

uable information for the preparation and implementation of 

future SCMP of the Awach Kibuon Sub-basin. 

The RUSLE model effectively simulates rill and inter-rill 

erosion processes but is limited in estimating gully erosion, 

highlighting the need for further research incorporating alter-

native modelling approaches to accurately predict soil loss and 

sediment yield within the watershed. This information is crucial 

for informed planning and management strategies. Additionally, 

due to the model's simplicity and limited input parameters, its 

outputs are likely highly sensitive to these inputs. A sensitivity 

analysis is therefore recommended to determine the most in-

fluential parameters, assess the impact of input uncertainty on 

model results, and guide targeted interventions.  
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