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One of Ethiopia’s threatening environmental problems is soil erosion. Minimizing soil erosion to the tolerable level needs
evidence-based sustainable land management. Tis study aimed to investigate the soil erosion rate and its relation with site
physical characteristics (slope, land use/cover, and soil properties) using the GIS-based RUSLE model in the Majang watershed.
Climate data, DEM, Landsat image, and soil map were used to model soil erosion by applying the RUSLE model. Te results
showed that cultivated land is the most vulnerable type of land use to soil loss (35.1·t ha−1 year−1) followed by grasslands
(19.6·t ha−1 year−1) in the watershed. Conversely, forest land is the least vulnerable land use and generates a very low amount of soil
loss (12·t ha−1 year−1). Similarly, the average soil loss of the watershed is strongly related to the slope gradient. Te model result
indicated that a high amount of soil loss was observed in very steep slope land (62.8·t ha−1 year−1) but lower in the gentle slope
(13.6·t ha−1 year−1). Soil types and their characteristics have greater roles in generating a high amount of soil loss. Acrisols, which
lack organic matter content, have experienced a high soil loss rate (20·t ha−1 year−1). Tis implies soil loss is highly associated with
site-specifc characteristics such as slope gradient, land cover/use, and soil condition. Te greatest share of the soil loss was
estimated from steep slopes, bare and cultivated land, and less fertile soils. Terefore, building an integrated participatory
approach needs immediate attention, and all farmers and stakeholders need to focus on on-site prioritization and invest more in
conserving vulnerable areas.

1. Introduction

Soil erosion is an important contributor to the world’s
socioeconomic and environmental problems [1]. Soil ero-
sion severity strongly varies as to the type and interaction of
diferent site characteristics such as climate, soil charac-
teristics, terrain features, land cover and uses, and related
land management [2–4]. Te problem of soil erosion has
been ubiquitous in almost all agroecologies [5–8], which
afected 56% of the soil globally [9]. Soil erosion accounted
for about 70–90% of soil degradation at the world level [10].
For instance, gully erosion alone damaged 2.13% of the
watershed area to the irreversible stage [11]. It resulted in an
agricultural productivity decline of 23% in the global ter-
restrial area, and it either directly or indirectly afected ∼3.2
billion people worldwide [12].

Soil erosion processes originated from natural and human
causes [13, 14], and the complex interaction of economic, social,
and environmental factors [15]. Water-induced soil erosion is
a process that occurs following raindrops, saturation, and in-
fltration of excess surface runof [16]. However, anthropogenic
processes make it to worsen exponentially over time [17, 18].
Gürtekin and Gökçe [16] in their study presented that, besides,
the natural factors that accelerate soil erosion have been caused
by rapid population growth and the related administrative
problems (such as creating alternative means of livelihoods
opportunities and harmonizing human-environment in-
teraction) and land management activities, which consequently
resulted in environmental and negative economic efects. Al-
though it was a problem for a long period [19], a well-known
soil degradation process results mainly from anthropogenic
activities and animal overpopulation. Landscape modifcation
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by human alteration, particularly from forestland to other land
uses, has had a signifcant impact on soil degradation, frag-
mentation, and habitat losses and strongly afects biodiversity
[20]. Humans are changing and modifying the natural envi-
ronment via their day-to-day entraction [18, 21].

Soil erosion is the most challenging environmental
problem causing a signifcant impact on land productivity
and food security in Ethiopia’s highlands [22, 23].Te severe
soil erosion in Ethiopia is related to human modifcation of
the environment such as cultivation of marginal lands,
overgrazing, and land cover degradation [2, 23–25].

Soil erosion results in the reductions in productivity of
arable lands [26], reduced forest and woody vegetation cover
[24], soil nutrient losses [2, 27], limited vegetation growth,
reduction of crop production [28], a threat to the national
economy [29], and sustainability of agricultural production
[30]. Te Ethiopian Highland Reclamation Study (EHRS) es-
timated a gross average soil loss of 35 t ha-1 year−1 from the
highlands of Ethiopia annually [26], and two-thirds of the
population has been afected by erosion [24]. Some watershed-
based studies in the Ethiopian highlands focusing on sheet and
rill erosion reported as high as 93·t ha−1 yr−1 average rate of
erosion [31]. Cropland is most vulnerable in this case and
contributes 80%of the soil loss in the highlands of Ethiopia [32].

For the last four decades, the government of Ethiopia and
its development partners have been working to adopt and use
diferent soil and water technologies to reverse soil erosion
problems and improve rural livelihoods [33]. However, the
majority of the techniques have not been supported with
scientifcally evaluated evidence, and the intervention is not
mostly in priority areas [22, 34]. As a result, most of them are
not successful as planned [14], and soil erosion remains the
main agricultural and environmental challenge in the area
[14, 33, 35, 36]. Quantitative analysis of soil erosion and area
prioritization that were studied so far concentrated more in
northern and central Ethiopia [2, 22, 25, 36, 37].

Te southwestern part of Ethiopia (in which the current
study area is part) experiencing the highest amount of rainfall
annually (>2000mm on average) received little research at-
tention concerning the identifcation of erosion risk-prone
areas and their relation with site-specifc characteristics. Te
Majang watershed in the Ilu Aba Bore zone is a typical agri-
cultural watershed in a high rainfall and rugged topography
area. Te area experienced a rapid expansion of cultivation at
the expense of natural forest. However, the rate of soil loss and
its association with site characteristics have not been well
studied and documented in the southwestern high-rainfall
Ethiopian highlands. Insufcient data could lead to worth-
less management of soil and water conservation initiatives.
Terefore, the main purpose of the study was to estimate the
rate of soil erosion and its association with site-specifc physical
characteristics using the GIS-based RUSLEmodel in the humid
Majang Watershed, southwestern Ethiopia.

2. Materials and Methods

2.1. Te Study Area. Tis study was conducted in Majang
Watershed Bure Woreda, which is located in the Bure
district of the Illubabor zone, Oromia regional state of

Ethiopia (Figure 1). Geographically, this district is located
from 8°14′45″ N to 8°16′48′ of latitude and 34°59′14″ to
35°1′57″E of longitude, with an average elevation of 1705m
above sea level. Te total area of the watershed is
2169.2 hectares. Te watershed is located at a distance of
694 km southwest of Addis Ababa on the main road away
from the capital city of Ethiopia to Gambella and 98 km from
Mettu town.

Te watershed has two typical agroecological zones, of
which 47.4% is Woina Dega and 52.6% is Kola. Te max-
imum and minimum temperature of the area is 24.1 and
15.5 C, respectively. Te temperature range is between 14.2
and 23C in the wet season and 24 and 27°C in the dry season.
Temean annual rainfall ranges between 1013 and 1959mm.
Te highest rainfall is recorded in June and August and the
lowest is from December to February. Te watershed ex-
periences two rainy seasons that is the Belg and Kiremt. Te
Belg is a short rainy season occurred in March, April, and
May. Te Kiremt season is known to be the longest rainy
season, covering June, July, August, and September. Te
rainfall that occurs during the Kiremt season is very in-
tensive, and the severity of soil erosion is high during these
months (Bure District Agriculture and rural development
ofce [38]). Kiremt is the season in which most of the crop is
cultivated.

2.2. Data Types, Sources, and Method of Acquisition. Te
necessary input data for this study were the digital elevation
model, rainfall data, land use/land cover maps, and soil data
(Table 1). In this regard, 22 years of the rainfall data record of
four stations (Bure, Masha, Gore, and Gambella) were in-
terpolated by 30m grid cells using the inverse distance
weighted interpolation method. Te inverse distance
weighted interpolation method was applied and recom-
mended to generate an erosivity map for the watershed
surface area [39]. Te erosivity factor (R) for the study was
calculated using the collected rainfall data. Cloud-free
Landsat 8 OLI (Operational Land Images) satellite image
with 30m resolution was downloaded from the United
Nations Geological Survey (USGS) website at path 169, row
55 on February 27/2021. Te digital soil map covering the
study area was taken from the digital soil map of the Baro
Abobo Basin. Te Baro Abobo Basin Authority has de-
veloped a soil map of the basin in a vector data format with
a 1 : 250,000 scale. Besides, the DEM of the study area was
downloaded from http/www.usgs.gov.com, and the topo
sheet (0835C4, 1986) and study area shape fle were taken
from the Ethiopian Geospatial information agency. Te LS
factor was derived from the DEM collected from the USGS
website. Reference data and land use land cover classifcation
validation coordinate points were collected from the feld
using handheld GPS.

2.3. Method of Soil Loss Estimation. Te Universal Soil Loss
Equation developed by Wischmeier and Smith [40] is the
most frequently used empirical soil erosion model world-
wide. Renard et al. [41] have modifed the USLE into
a Revised Universal Soil Loss Equation (RUSLE) by
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introducing improved means of computing the soil erosion
factors. Besides, Hurni [42] modifed some factors of the
RUSLE for Ethiopian conditions. Hurni (39) made at least
three modifcations such as computing the erosivity of
rainfall, cover factor computation, and land use manage-
ment factor. Te model estimates the loss of soil by con-
sidering rainfall data, soil property, topographic factors,
cover management, and conservation practices (equation
(1)).

A � R∗K∗ LS∗C∗P, (1)

whereA is the average annual soil loss (t ha−1 year-1), R is the
rainfall and runof erosivity factor (MJ mm ha−1 h−1

year−1), K is a soil erodibility factor (t ha−1 MJ−1 mm−1), LS is
a slope length and slope steepness factor, C is the land cover
or crop management factor, and P is a support practice or
erosion control practice factor. Te model was simulated
under a GIS environment as shown in Figure 2.

2.3.1. Rainfall Erosivity Factor (R-Factor). Te erosivity of
rainfall is the quantitative expression of its potential to cause
erosion in a given circumstance and represents the erosive
force of specifc rainfall [43]. Te erosivity factor (R) was
calculated according to the equation given by [42], derived
from spatial regression analysis [44] for Ethiopian condi-
tions. It was modifed in the real situations of Ethiopia by

[42] based on the available mean annual rainfall data. Tus,
this study used Hurni’s [42] empirical equation (equation
(2)).

R � −8.12 +(0.562 × P), (2)

where R is the R-factor value (MJ mm ha−1 h−1 yr−1) and P is
the mean annual rainfall in mm

Twenty-two years of monthly rainfall data from four
surrounding stations were taken from Ethiopian National
Meteorology Agency (Table 2). It was then interpolated by
inverse distance weighted method with 30m grid cells. Te
average annual rainfall data were computed for 22 years to
fnd the long-term mean annual rainfall of the area.

2.3.2. Erodibility of the Soil (K-Factor). Te soil data used for
the Majang watershed were obtained from the digital soil
map of the Baro Abobo basin in a vector format. Te soil
map of the watershed was extracted from the Baro Abobo
basin soil map and three types of soil (Dystric Nitisols,
Orthic Acrisols, and Dystric Cambisols) have been identi-
fed. Te K-value for each soil type was assigned depending
on the type of soil and its color as suggested by Hurni [42].
Te soil map in vector format was converted into a 30× 30m
raster map using its K-value in ArcGIS® 10.3
conversion tools.
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Figure 1: Map of the Majang watershed.

Table 1: Data types, sources, and quality used in the RUSLE model.

Data Sources Quality
Climate data National metrological station of Ethiopia 22 years of monthly data
Soil data Digital soil map of the Baro Abobo basin 1 : 250,000
Landsat imageries http/www.usgs.gov.com 30m
Topo sheet map Ethiopian geospatial information agency 1 : 50,000
DEM http/www.usgs.gov.com 30m
GCP Field survey using hand-held GPS ±3m
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2.3.3. Slope (LS-Factor). Te topographic efect of soil
erosion modeling in the RUSLE equation has been shown in
the slope length (L) and the slope steepness factors [45]. It
can increase the erosivity of runof through the increased
velocity of runof water [2]. As a result, the water travels at
a higher speed on steeper slopes and consequently increases
its shear stress on the surface and transportation of greater

sediment [40]. Te slope length (L) is the ratio of soil loss
from feld slope length to that of 22.13m length under
specifc conditions [40]. Te LS factor is the ratio of soil loss
per unit area from a feld slope to that from a 22.13m length
of uniform 9% slope under otherwise identical conditions
[40]. For the LS estimation, a pixel size of 30mASTER global
digital elevation model (GDEM) was used. Te DEM was

Landsat imagery 2021 [OLI] 
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Figure 2: Flowchart of soil loss estimation and mapping using the RUSLE model. Note: GE is a geometric correction, ToA is top of
atmospheric refectance, C is c-correction, HE is histogram equalization, HR is haze reduction, NR is noise reduction, and S is layer stacking.

Table 2: Rainfall stations, locational information, their mean annual rainfall, and R-value of selected rainfall stations.

No. Stations Latitude (Y) Longitude (X) Mean annual
rainfall (mm) R-factor

1 Masha 7°30′42.80″N 35°24′52.11″E 1968 1182.55
2 Bure 8°19′29.71″N 35°2′14.46″E 1687 1029.52
3 Gore 8°8′30.09″N 35°32′42.02″E 1822 1156.17
4 Gambella 8°15′42.73″N 34°37′28.23″E 1228 976.072
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geometrically corrected and extracted by the extent of the
watershed. Following the DEM preprocessing, the slope
analysis such as fow direction, fow accumulation, and
flling sinks was performed. Lastly, the value of “L” was
specifed by using the following equation [41]:

L �
Xh

22.13
􏼒 􏼓

m

, (3)

where Xh is the horizontal slope length (m) and m is the
exponent of the variable slope as it is defned to the ratio ε of
rill erosion to inter-rill erosion which is calculated as m� ε/
1 + ε, successively ε is computed for the soil erosion, which is
moderately susceptible to rill and inter-rill erosion and
simplifed as the following:

m �
β

(1 + β)
􏼠 􏼡, β �

sin θ/ . 896
3. (sin θ)

 .8
+  .56􏽨 􏽩

⎛⎝ ⎞⎠, (4)

where θ is the slope angle.
Moreover, the ratio of soil loss from feld slope to 9%

slope under the specifc conditions, the S factor of RUSLE
equation is calculated as the following [41]:

S � 10.8 × sin θ + 0.03, σ ≤ 9%,

S � 16.8 × sin θ − 0.50, σ > 9%,
(5)

where S is the slope steepness factor, θ is the slope angle, and
σ is the slope gradient in percentage.

Te steepness and length determine the capacity of the
runof to sediment transport [46]. Moreover, LS does not
consider the complexity of the topography but simply as-
sumes soil loss increases with slope length [47]. Hence, it is
better to consider the three-dimensional topography and the
upslope important area to better understand the spatial
distribution of soil erosion and the process of deposition. In
this regard, the authors of [48] developed a calculation to
compute the length-slope factor in ArcGIS from the DEM
using the following equation:

LS �
As

22.13
􏼒 􏼓 ×

sin θ
0.0896

􏼠 􏼡, (6)

where LS is the topographic factor, as is the upslope con-
tributing area divided by the width of the contour that area
contributes, θ is the slope angle in degree (m� 0.4–0.6 and
n� 1.2-1.3), and the exponent valuem has given the value of
0.4 while the value of n is equal to 1.3 [46, 49].

2.3.4. Cover Factor (C-Factor). Te C-factor is used within
the RUSLE to refect the efect of cropping and management
practices on erosion rates, compare the relative impacts of
management options on conservation plans, and measure
the combined efect of all the interrelated cover and man-
agement variables [40]. Terefore, to determine the C-value,
the land use/cover classifcation map approach was selected
for this study as it gives a comparatively precise C-value than
the normalized diference vegetation index (NDVI).
Terefore, satellite imageries were collected to classify the
land use land cover of the watershed.

(1) Land Use/Cover Classifcation. Te dry season captured
image has been selected to develop a land use/cover map of
the area. Te dry season was selected to minimize crop and
grass efects during the land use land cover classifcation. As
a result, February was considered to be the optimum month
for the land use land cover analysis. Before the classifcation
of the image, diferent image enhancement preprocessing
has been performed as image preprocessing such as layer
stacking, geometric correction, haze reduction, DN con-
version, and subsetting. Tis was employed to make the map
suitable and easy for the intended classifcation. In this
regard, a 1 : 50,000 topo sheet map was employed for the
geometric rectifcation of the satellite image. Te atmo-
spheric and radiometric corrections were conducted to re-
duce the noise efects of the images. Te area of interest
(AOI) that covers the Majang watershed was subsetted using
ERDAS IMAGINE 2014. Te classifcation of geometrically
corrected Landsat images begins with defning the training
area. Te training points were collected from the feld using
a hand-held GPS.

Land use types were identifed based on the researchers’
knowledge of the area and the reconnaissance survey con-
ducted during the year 2021. Accordingly, land use/cover
classes of the area were identifed as cultivated land, shrub
land, grazing land, forest patches, and settlement. Te image
was then classifed following a supervised classifcation in the
maximum likelihood algorithm technique, and the analysis
was performed using ERDAS 2014 software.

Te ground truth data collected from the feld were used
as a reference for image classifcation. Te total sampled
ground truth data collected from the feld were (256 ref-
erence data) stratifed consistently to each LULC class. Te
reference data were used to examine the classifcation ac-
curacy of the LULC images. In this regard, the error matrix
and kappa coefcient were used to evaluate the accuracy of
the produced image and the consistency of the reference
data. Overall, the classifed image has an accuracy of 87%
and a Kappa coefcient of 0.863 which showed the agree-
ment of the classifed image with reference data [50, 51].

Finally, the raster image was converted into vector
format, and each land unit on a pixel-by-pixel basis was
assigned with the corresponding C-value suggested for each
land use/land cover [40, 42]. It was further converted to
a 30m pixel size C-factor map using the C-value criteria for
conversion (Table 3).

2.3.5. Management (Support) Practice (P-Factor). Land
management factor is the ratio of soil loss from a particular
management measure to the equivalent loss with up and
down plowing [52]. It considers three methods, such as
contours, cropping, and terraces that were important ele-
ments to control erosion [53]. However, in this study case,
we identifed that the majority of conservation measures
have been constructed on farming lands, but the imple-
mentation lacks continuity (e.g., a plot treated with some
conservationmeasures, but its neighbor is not), and there are
limited conservation measures on nonagricultural lands.
Terefore, the P-factor of the model was estimated through
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the alternative method that utilizes slope with land use/cover
types recommended by the authors of [40] and efectively
used by previous studies (e.g., [2, 54]; Table 4).

2.4. Soil Loss Relation with Some Site Physical Characteristics.
Te site-specifc characteristics of the watershed mainly
expressed in slope steepness, soil characteristics, and land
cover and management determine the quantity of soil loss in
the watershed. For instance, a model-based study reported
by Belayneh et al. [2] found a high association between slope
gradient and land use/cover in the Gumara watershed. Te
dominance of steep slope and undulating surface in a wa-
tershed increase the erosivity of runof through the increased
velocity of runof water [12]. As the velocity of water in-
creases, its shear stress on the surface and transportation
sediment is higher [40]. Te topographic characteristics are
the main determinants for estimating soil loss, which
measures the sediment transport capacity of the fow [46].

Te natural cover of the land minimizes the raindrop
impact and further decreases the volume of runof by in-
creasing on-site water infltration. Conversely, barren and
cultivated lands are exposed to be detached by raindrops and
easily transported by running water. As a result, land use/
cover characteristics of a watershed infuence the rate of soil
loss. Similarly, the soil characteristics of the site determine
the rate of soil erosion.Te dominancy of clay soils over sand
and silts can cause high runof and sediment loss [55]. Te
detachment and transport of soil particulates are especially
higher at the beginning of the rainy season [55]. Heavy clay
soil is distinguished as having lower infltration capacities,
and its infltration capacity strongly decreases with in-
creasing rainfall intensity and duration [56].

Terefore, the efect of site physical characteristics of the
watershed was identifed and quantifed from the estimated
soil loss map of the watershed using the zonal statistics
toolset of ArcGIS. Te physical characteristics of the wa-
tershed such as land use/cover map, slope category map,
and soil type map were used as a zone to extract and
quantify the mean soil loss, total soil loss, and area coverage.
Finally, the variation was presented in average soil loss from
each zone (t ha−1 year−1).

3. Results and Discussion

3.1. RUSLE Parameters

3.1.1. Rainfall Erosivity (R) Factor. Twenty-two-year
(2000–2022) mean maximum and minimum rainfall data of
the area were 894.53mm and 817.702mm, respectively
(Figure 3). Te rainfall erosivity value of the watershed

computed using [42] empirical equation revealed a mini-
mum value of 1063MJ mm ha−1 h−1 year−1 and a maximum
value of 1162.9MJ mm ha−1 h−1 year−1 of the area (Figure 3).
Te erosivity of rainfall in the watershed is high as compared
to other areas in Ethiopia. Tis is mainly related to the fact
that the annual rainfall in the area is very high appearing
nearly nine months of the year in southwestern Ethiopia. As
a result, it is commonly referred to as the wettest highland in
Ethiopia. Te relative spatial variability of rainfall erosivity
in the watershed is higher in the western section than in all
other sections. On the contrary, lower rainfall erosivity was
observed in the eastern section of the watershed. Te
northern and southern portions of the watershed experi-
enced similar erosivity with a slightly higher value in the
northern section.

3.1.2. Slope Length and Slope Steepness (LS) Factor. Te
topographic factor values (LS-value) of the watershed ranged
from 0.8 in low fow concentration level slope land to 55.4 in
very steep slope areas (Figure 4). High slope steepness and
length values dominate the watershed, and this is due to the fact
that the area is situated dominantly within rugged terrain, in
which 47% of the watershed area has a slope gradient of greater
than 15%.A similar range of values was stated from Northwest
Ethiopia [2, 25]. In this regard, the middle portion of the
watershed experienced a higher LS value.

3.1.3. Soil Erodibility (K–Factor). Te Majang watershed is
covered by reddish Acrisols in the upper part of the watershed,
brownish Cambisols in the middle part of the watershed, and
black Nitisols in the lower part of the watershed. Soil erodibility
is expressed as the vulnerability of the soil to be dispersed and
transported by rainfall. In this regard, the erodibility value of
soil in the area ranges from 0.02 to 0.9, in which a higher value
indicates more susceptibility while a lower value indicates less
susceptibility to erosion (Figure 5). Besides, the study water-
shed is dominated by red-colored soil, which contributes to
high soil erosion in the area.

3.1.4. Land Use Land Cover (C–Factor). Te Majang wa-
tershed was classifed into four land use classes generated
from Landsat 8-OLI -2021 by applying the maximum
likelihood of supervised classifcation. Te C-factor values
range from 0.01 to 0.25 (Figure 6).

Table 3: Literature recommended cover factor values of the study
watershed.

Land use land cover C-factor Sources
Forest 0.01 Hurni [42]
Grazing land 0.05 Hurni [42]
Cultivated land 0.25 Hurni [42]
Shrub land 0.06 Wischmeier and Smith [40]

Table 4: Land management practice factor values considered in the
watershed.

Land use land
cover

Slope
(%) P-factor Sources

Cultivated land

0–5 0.1

Wischmeier and Smith
[40]

5–10 0.12
10–20 0.14
20–30 0.19
30–50 0.25
50–100 0.33

Others All 1
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Figure 3: Map of rainfall erosivity factor (R-value) of Majang watershed.
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3.1.5. Soil Erosion Management Practice Factor (P Value).
P-factor indicates the rate of soil loss according to agri-
cultural practice and the infuences of erosion by modifying
the runof fow characteristics [52]. Te management
practice factor value is between 0.1 and 1 in this study
(Figure 7). In line with this, the survey results indicated that
inappropriate use of agricultural land was among the main
causes of the occurrences of soil erosion in the area. Tis is
due to the fact that the farmers in the area cultivate diferent
annual crops without appropriate land management prac-
tices. Tis actually leads to and attributes to the occurrences
of high loss of soil and runof in the area.

3.2. Estimated Soil Loss from the Majang Watershed.
Currently, the Majang watershed was estimated to lose on
average 30.6 t ha−1 year−1 (around a total of 74, 000 tons of
soil annually) (Table 5; Figure 8). Te potential annual soil
loss of the watershed ranged from 0.04 in gentle-slope areas
to 171.99 t ha−1 year−1 in the steepest part of the watershed.
Te estimated average soil loss result is smaller in our study
watershed compared to other watersheds mainly in the
northern and northwestern and central parts of the country.
Tis might be due to a better forest cover of the area and
a relatively gentler landscape.

Nevertheless, the current results of the study are greater
than the tolerable level of soil loss studied for the highlands
of Ethiopia (2–18 t ha−1 year−1 across diferent elevation and
rainfall regimes) [42]. Te current estimate (30.6 t ha−1

year−1) nearly agrees with the fndings stated in various
regions of the country [22, 25, 57–59]. However, it showed
a lower rate of erosion than some previous studies in

diferent parts of the country mainly in the northwestern
highlands [2, 23, 54, 60–62].Tis discrepancy may occur due
to the fact that the northwestern part of Ethiopian highlands
is characterized by relatively high and torrential rainfall [2],
and the land is intensively and continuously cultivated for
millennia. However, in the southwestern highlands (of
which the Majang watershed is a part), intensive cultivation
and forest land cultivation is a recent phenomenon. Al-
though the rainfall and its erosivity is comparable, the
Majang watershed is characterized by better soil cover and
less manipulated soil than the northwestern highlands.

Te statistics result from the modeled soil loss map
revealed greater dynamics of soil loss over space in the
watershed. In this regard, the standard deviation value
48.43 t ha−1 year−1 showed the presence of high variability of
soil loss. Te variability is highly related to the variation in
the RUSLE input parameters at diferent sites in the wa-
tershed [2]. For instance, sites with steep-slope cultivated
topographies generate a high quantity of soil loss than
gentle-slope forest areas.

3.3. Te Efect of Site Characteristics on the Rate of Soil Loss
Majang Watershed

3.3.1. Soil Losses in Various Land Use/Land Covers. Te
estimated average soil erosion rates under diferent land use/
land cover types varied from 12 to 35−1 t ha−1 year−1. In this
regard, cultivated land is themost vulnerable type of land use
(35.1 t ha−1 year−1) followed by grasslands (19.6 t ha−1

year−1) in the watershed (Table 6). Te vulnerability of
cultivated land to erosion could be attributed to cultivation
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Figure 5: Erodibility value (K-factor) of Majang watershed map.
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and poor management practices. Conversely, forest land is
found to be the least vulnerable land use and generated
a very low amount of soil loss in total and rate of soil loss
(12 t ha−1 year−1).

Our estimates were in agreement with the fndings of
[2, 61] who reported that cultivated land was found to be the
most vulnerable, which is a pillar of livelihood for about 84%
of the population in Ethiopia. It implies that the agricultural
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Figure 6: Land use land cover (C-factor).
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production and productivity of the land and food security
are threatened by soil erosion. Tis is because the average
soil loss from the cultivated land (35.1 t ha−1 year−1) is much
greater than the rate of soil loss tolerance, which gradually
leads to soil degradation and reduction of productivity. Tis
might further call for supporting sustainable soil and water
conservation measures for the safety of the ecosystem [63].
Soil and water conservation measures play an important role
in both soil and water conservation. Soil and water con-
servation increases surface infltration and reduces runof
amount, which further reduces soil degradation.

3.3.2. Soil Loss Variation under Diferent Slope Classes.
According to the slope classifcation, the minimum amount
of mean soil loss from the level to the gentler slope was found
to be 7.8 t ha−1 year−1, followed by 13.6 t ha−1 year−1 and
21.8 t ha−1 year−1 under 5–10 (strongly sloping slope) and
10–15 (moderately steep), respectively. Similarly, very steep
slope classes (>30%) generated 62.8 t ha−1 year−1 (Table 7).
Tis shows the existence of a strong relationship between
sheet and rill erosion and slope gradient. Meaning soil re-
moval increases with an increase in slope. As the slope
gradient increases particularly in the agricultural landscapes,
the soil vulnerability to downward movement either by

gravity or by running water becomes very high. Te visual
interpretation of the soil loss map of the watershed (Fig-
ure 9) indicates that pixels generating high soil loss are found
in the undulating steep slopes. Tis result was consistent
with the studies of [2, 31, 61] which revealed that soil erosion
rates increase with an increase in slope gradient. A similar
study by [45] stated that the spatial distributions of the high
spot area for soil erosion in the Anjeni watershed were found
along the steeper slope of the Minchit and Zikire twin
microwatersheds.

3.3.3. Soil Loss Variation under Diferent Soil Types. Te
erodibility nature of the soil strongly determines soil loss in
a watershed. Black-colored soils with higher organic matter

Table 5: Descriptive statistics of estimated soil loss in the Majang watershed.

Watershed Area (ha)
Soil loss value in t ha−1 year−1

Total (t year−1)
Min Max Range Mean STD

Majang watershed 2169.2 0.04 171.99 171.9 30.6 48.43 73839.428
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Figure 8: Soil erosion (soil loss) map of the Majang watershed.

Table 6: Area coverage and rate of soil loss modeled for diferent
land use land covers in the Majang watershed.

Class name Area (ha) Mean soil loss
(t ha−1 year−1)

Forest land 729.4 12
Woodland 622.4 18.5
Shrub land 266.3 16.9
Cultivated land 258.8 35.1
Grassland 293.1 19.4
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content relatively resist erosion and soil loss than that of
reddish, yellowish, or other types of colors with less organic
matter content [40, 42]. Heavy clay soils mostly cause high
runof and sediment loss mainly at the beginning of the rainy
season, which makes the soil easily detached and transported
[55]. Because by nature, heavy clay soil is characterized by
low infltration capacity when the rainfall is highly intensive
and stays for a longer duration [56]. Besides, the structure of
the soil afects the amount of runof and sediment de-
tachment. In this study, the soil loss rate was highest under
nonfertile Acrisols (28 t ha−1 yr−1) and lowest in Dystric
Cambisols (15.8 t ha−1 year−1) (Table 8). Although the
Acrisols covered a relatively gentler slope section of the
watershed, due to their reddish and lower organic matter
content, they lost a higher amount of average soil loss. On
the contrary, lower average soil loss was estimated from the
areas covered by brownish Cambisols and black Nitisols. In
this regard, in the watershed, the erosion-resistant soil type
(Dystric Cambisols) is dominant in plain areas, which are
relatively less susceptible to soil erosion and generated only
15.8 t ha−1 year−1. Tis indicates that the fatness of the slope
and the presence of erosion-resistant soil types played

a signifcant role to limit the soil loss rate in the lower to-
pography of the area. On the other hand, a relatively greater
amount of annual soil loss (28 t ha−1 year−1) was generated
from nonfertile Acrisols, from the upper topography of the
watershed, which requires immediate important manage-
ment practices (Table 9).

3.4. Vulnerable Areas (Erosion Hotspots) for Conservation
Priority in Majang Watershed. As we have presented in
Section 3.3, site characteristics predominantly afect the
vulnerability of the plot (pixel) to soil erosion. Identifying
the management areas based on the severity of soil erosion is

Table 7: Rate of soil erosion under diferent slope conditions.

Gradient (%) Area (ha) Soil loss
(t ha−1 year−1)

<5 (level to gentle sloping) 250 7.8
5–10 (strongly sloping) 1041.4 13.6
10–15 (moderately steep slope) 561.8 21.8
15–30 (steep slope) 183.4 37.7
>30 (very steep slope) 115.1 62.8
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Figure 9: Soil erosion risk class map of Majang watershed.

Table 8: Efects of soil type on rate of soil loss in the Majang
watershed.

Soil types Area (ha) Mean soil loss
(t ha−1 year−1)

Dystric Nitisols 276 19.5
Orthic Acrisols 631 28
Dystric Cambisols 1285 15.8
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very important for planning and implementing appropriate
and priority-based development of conservation initiatives.
Based on the soil erosion severity map, the area was classifed
into fve soil loss severity classes such as slight (52%),
moderate (18%), high (5.6%), very high (5.1%), and ex-
tremely high (19.2%) risk classes, and their estimated mean
annual soil losses were ranged from slight risk classes (3.7 t
ha−1 year−1) to extremely high-risk classes (118.8 t ha−1

year−1) (Table 8; Figure 9), which is signifcantly larger than
the tolerable zone of highland Ethiopia (2–18 t ha−1 year−1).
Of the total area of the Majang watershed, 30% experienced
high to extremely high soil erosion risk (Table 9). Similarly,
the largest amount of soil loss was generated from extremely
high (19.2%) risk class despite having a small area (19.2%)
(with a minimum of 50 and a maximum of 172 t ha−1

year−1).
Tis indicates that a substantial amount of soil losses was

generated from the small areas of high, very high, and ex-
tremely high-risk classes (Table 9; Figure 9). It was due to the
slope steepness of the area, lack of sustainable support
practice (high P-factor value), and soil types which are less
resistant to soil runof of the area that facilitated the largest
amount of soil losses from smaller areas of the watershed.
Te result was in agreement with the fndings of
[22, 57, 64, 65], who reported in their studies that the small
proportion of the area of the watershed contributed to
a signifcant amount of soil losses.

4. Conclusion

Soil erosion is one of the most damaging environmental
problems and has contributed signifcantly to the loss of soil
in the highlands of Ethiopia. Identifcation of severity classes
and spatial distribution of the quantity of soil losses, soil
erosion rate, and its relation with site physical characteristics
using the GIS-based RUSLE model is important for the
efective implementation of conservation measures and the
planning process. Te study fnding revealed that soil ero-
sion in the Majang watershed, in general, is high and
considered to be a threat to agriculture because the soil loss
from the agricultural land is higher (35.1 t ha−1 year−1) as
compared to the mean soil loss and soil loss tolerance (2–18 t
ha−1 year−1). Te potential soil loss of the watershed is 30.6 t
ha−1 year−1 (with a range between 0.04 and 171.99 t ha−1

year−1).Te study further implies that themajority of the soil
loss was generated from the steep slope undulating topog-
raphy, cultivated land, and nonfertile Acrisols. Te slope
steepness of the area coupled with continuous cultivation,
lack of sustainable support practice, and soil types of the area

contributed to the high amount of soil losses from smaller
areas of the watershed. Hence, sustainable community-based
conservation programs should be undertaken mainly in the
identifed erosion hotspot areas by involving all farmers/
stakeholders. Furthermore, recurrent training programs
need to be arranged for the local community on the efect of
soil erosion and conservation issues.
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