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Background: Soil erosion and nutrient depletion threaten food security and the sustainability of agricultural produc-
tion in sub-Saharan Africa. Estimating soil loss and identifying hotspot areas support combating soil degradation. The
aim of this paper is to estimate the soil loss rate and identify hotspot areas using USLE model in the Agewmariam

Methods: Rainfall erosivity factor was determined from annual rainfall, soil erodibility factor from soil data, slope
length and gradient factor were generated from DEM, cover factor and conservation practice factor obtained from
land use cover map. Finally, the parameters were integrated with ArcGIS tools to estimate soil loss rates of the study

Results: Mean annual soil loss rates were estimated to be between 0 and 897 t ha~' year~' on flatter and steeper
slopes, respectively. The total annual soil loss was 51,403.13 tons from the watershed and the annual soil loss rate of
the study area was 25 tha™' year™'. More than 33% of the study areas were above tolerable soil loss rate (11t ha™'
year™'). The spatial risk categorization rate was 67.2% severe (>51 tha~' year™"), 5.4% very high (31-50 tha™' year™),
5.8% high (19-30 t ha~" year™"), 3.2% moderate (12-18 t ha™' year~") and 18.3% slight (0-11 t ha=' year™).

Conclusion: The results showed that the severity of erosion occurred on the steep slope cultivation, absence of con-
servation measures, and sparse nature of the vegetation cover. This area required immediate action of soil and water
conservation which accounts for about 33.5% of the total watershed.

Background

Soil erosion is an extensive land degradation problem in
many parts of the world. The loss of soil from the land
surface by erosion is widespread globally and adversely
affected by the productivity of all-natural ecosystems
as well as agricultural, rangeland, and forest ecosystems
[45]. The worldwide annual rate of soil erosion from agri-
cultural land ranges from 22 to 100 t ha™* and declines in
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productivity as much as 15-30% annually [40]. Accord-
ing to Morgan [40], soil erosion costs the US economy
between US$30 billion and US$44 billion annually related
to on-site (cost of production and production loss) and
off-site (pollution and sedimentation of downstream
water resources) effects of soil erosion.

Land degradation, in the form of soil erosion and
nutrient depletion, threatens food security and the sus-
tainability of agricultural production in sub-Saharan
Africa [34]. Soil erosion is a common phenomenon in
the East African highlands, where it causes widespread
soil degradation [21, 52]. Especially, in East Africa,
where Ethiopia shows the highest erosion rates [25,
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35]. The annual soil loss rate by water ranges from 16
to 300 t ha™! year™! in Ethiopia, mainly depending on
the degree of slope gradient, intensity, and type of land
cover and nature of rainfall intensities [30, 51]. Land
degradation in Ethiopia is especially severe in the high-
lands where the annual soil loss from farmland is esti-
mated to 100 to 300 t ha™! year™' [8, 54]. It has been
estimated that out of 60 million hectares of agricultur-
ally productive land, about 27 million hectares are sig-
nificantly eroded and 2 million hectares of land have
already been irreversibly lost from productive uses [8,
54]. Loss of arable land due to soil erosion is a wide-
spread phenomenon in the highlands which accounts
for about 45% of Ethiopia’s total land [54].

Rapid population growth, cultivation on steep slopes,
clearing of vegetation, and overgrazing are the main
factors that accelerate soil erosion in Ethiopia, more
specifically in the Amhara regional state [13]. Accord-
ing to Desta [13] the principal problem in the Amhara
region, with land estimated to be eroding at very rapid
rates of 16-50 t ha™! year™'. Soil erosion by water is
the dominant form of erosion of the study area that is
severely affected found in Wag-Himra and north Wollo
[13]. The understanding of soil erosion processes plays
a critical role in planning, designing, and implement-
ing appropriate soil and water conservation policy
strategies [49]. In the study area, the land management
methods being practiced do not consider variations in
degrees of soil erosion, climate, topography, soils, and
land use/land cover factors. Direct Field measurements
of soil erosion at permanent research or experimen-
tal stations using runoff plots with the known area,
slope gradient slope length, and soil type could give
reliable runoff and soil loss [32] for experimental pur-
poses, however, it is costly, labor-intensive, and time-
consuming [1]. Alternatively, it is possible to estimate
the average soil loss using empirical models that can
be used as predictive tools for inventories, conserva-
tion and project planning, decision-making, and policy
development [41]. Therefore, the objective of the study
was to assess soil loss rate and identify hot spot areas
using USLE of Agewmariayam Watershed, in Northern
Ethiopia.

Materials and methods

Description of the study area

The study was conducted at Agewmariam watershed
situated in SaydakebeleSekotaworeda of Wag-Himra
Administration zone in Amhara Regional State about
720 km north of Addis Ababa. The study area covers
183.3 ha, with elevation ranging from 2075 to 2393 m
above sea level (Fig. 1).
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Climate

The study area is characterized by a uni-modal rainfall
pattern, the main rain extends from late June to early
September. The mean annual rainfall of the area varied
from 689.3 to 1087.9 mm and the mean minimum and
maximum annual temperatures are 12.8 °C and 28 °C,
respectively (Fig. 2). The area belongs to a dry semi-arid
lowland [12].

Land uses and crop production in the study area

The study watershed has four major land-use types:
agricultural land (71.4%), bushland (19%), area closure
(8.2%), and the rest are village or settlement [59]. Most of
the lower and upper parts of the watershed are cultivated
land, bush and grazing land are found in the middle hill-
side parts of the watershed.

The landholding size in the watershed is characterized
as small and fragmented less than 0.75 ha per household
[9]. Cultivation as the livelihood in the watershed, the
major crops grown are sorghum (Sorghum bicolor L.),
wheat (Triticum aestivum L.), barley (Hordeum vulgar L),
teff (Eragrostis teff (Zuss) Trotter), chickpea (Cicer arieti-
num L.), and faba bean (Vicia faba L.).

Data sources

The USLE model variables are estimated from various
sources. Rainfall erosivity factor (R-value) was derived
from annual rainfall data from the Koziba meteorology
station. Soil erodibility factor (K value) determined from
field-estimated organic matter, texture, structure, and
permeability of the soil of the study area. Slope length
and slope gradient factor (LS value) were obtained from
the analysis of SRTMDEM with 30 m resolution. The
crop factor (C) and conservation practice factor (P) are
estimated by analyzing Landsat image and DEM (Fig. 3).

Details on derivation of USLE parameters
Erosivity factors (R)
The erosivity factor R was calculated using the equation
given in Hurini [33] adapted for the Ethiopian condition
which has been derived from spatial regression analysis
[31] (Eq. 1). Other studies have also reported successfully
using the equation [3, 4, 7, 22, 26, 36, 48, 58].

The R-factor is given by a regression equation as:

R = —8.12 + 0.562P, (1)

where R is the erosivity factor and P is the mean annual
rainfall (mm year™?).

Soil erodibility factor (K)

Soil samples (155) were collected from the study water-
shed by a grid of 100 x 100 m and sample for analysis
was collected from the center of each grid. The 155 soil
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Fig. 2 Thirty years'average mean monthly rainfall and mean monthly
minimum and maximum temperatures of Kosibaa station near the
study area (data from NMSA, 2018 unpublished document)

samples were collected to determine the physical and
chemical properties of the soil. The properties of ana-
lyzed are organic matter content, texture, structural,
and permeability.

Analysis of the soil samples was performed based on
the standard laboratory procedures. Particle size dis-
tribution was analyzed using the hydrometer method
[23], whereas organic carbon was determined by the
wet combustion method of Walkley and Black as out-
lined by Nelson and Sommers [42].

Soil structure was identified under field condition
with the help of a soil structure assessment kit to deter-
mine soil structural class code. Soil structural class code
was determined based on the observed shape and size
of soil structure as adopted from the USLE nomograph
[57]; whereas, the permeability class code was obtained
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from soil textural classes [10], which are encoded from  where
the textural triangle based on the observed soil texture.
M = [(100 — C)(L + Armf)], (3)

K factor was calculated from estimated soil properties,
namely texture, organic matter, and structural and per-
meability [20, 44]. In this study, the K factor was calcu-
lated (Eq. 2) and mapped [28, 48, 58].

K (factor) =2.77 x 1077 (12 — OM)M™* + 4.28x

1073(s —2) +3.29 % 10 3(p — 3),
()

Cis % of clay (<0.002 mm), L is % of silt (0.002—-0.05 mm)
and Armf is % of very fine sand (0.05-0.1 mm), OM is
the organic matter content (%), p is a code indicating the
class of permeability and s is a code for structure size.

Soil sample points of erodibility factors were converted
to surface data by interpolation techniques using ordi-
nary kriging in the ArcGIS environment and the Gauss-
ian model.
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Slope length and gradient factor (LS)

Slope length and gradient factors were estimated by Arc-
GIS 10.3.1. In this study, the SRTMDEM with a reso-
lution (grid cell) of 30 m by 30 m which is available by
USGS Earth explorer. The flow accumulation, slope
steepness, and slope gradient were generated from DEM
in the Arc GIS environment. The LS map was generated
using Eq. [5] developed by Wischmeier and Smith [57].
Similar approach also used by other researchers [22, 24,
48].

LS = (X/22.1)m (0.065 + 0.045S + 0.006552), (4)
X = (Flow accumulation * Cell value)

where LS is slope length—steepness factor, X=slope
length (m), m=a variable slope-length exponent, and
S=slope gradient (%). Flow accumulation is a grid theme
of flow accumulation expressed as a number of grid cells
while cell size is the length of a cell side in meter (m).
Flow accumulation was derived from the DEM, after
conducting fill-and-flow direction processes in the Arc
GIS environment in line with the Arc Hydro tool and
was calculated by the raster calculator of the map algebra
expression, whereas the value of S was directly derived
from 30-m resolution DEM.

Crop management factor (C)

Crop management factor for different land use was
derived from satellite images based on land use and land
cover maps and its attribute data analysis. The cover and
management factor is the ratio of soil loss from land with
specific vegetation to the corresponding soil loss from
fallow with the same rainfall [57]. The LANDSAT satellite
image was used from USGS on January 20, 2018, to drive
Land use and cover map. Supervised digital image clas-
sification techniques were employed using ArcGIS 10.3.1
software.

Land use classification was conducted by the maxi-
mum likelihood classification method creating 150 train-
ing signatures. 123 reference points were generated from
Google Earth for validation.
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A systematic sampling technique was used to evalu-
ate the accuracy of the LULC classification of the study
area. To measure agreement between image classification
results and ground truth overall accuracy, user accuracy,
producer accuracy, and Kappa coefficient were used [53,
56]. Finally, three land use and land covers were identi-
fied as cultivated, forest, and shrubland (Table 1).

The corresponding (C) values were assigned to each
land use and land cover classes using reclassify tools in
ArcGIS 10.3.1 environment. Finally (C) factors raster
layer of the study area was created by assigning adapted
(C) value for each land use and land cover classes.

Erosion control practice factor (P)

The erosion control practice factor is the ratio between
the soil losses expected for a certain soil conservation
practice to that of up and downslope plowing [57]. Thus,
the P-factor for USLE can be mapped through by collect-
ing data from field observations [3, 7, 22]. However, in
the study area, there were no conservation measures, as
data were lacking on permanent management factors and
there were no management practices the P-factor sug-
gested by Wischmeier and Smith [57]. This method has
also been used in the highlands of Ethiopia by others [4,
24, 37, 48, 54]. This method categorizes land covers into
agricultural land, shrubland, and forest land. P value was
assigned 0.1 and 1 regardless of their slope for shrub and
forest. However, P-value for agricultural land was given
corresponding to its slope, so sub-divided into six classes
0-5, 5-10, 10-20, 20-30, and > 50% [3, 4].

Soil loss analysis

The average annual soil loss was calculated on a grid
cell basis by multiplying the respective USLE factor val-
ues (R, K, LS, C, and P) interactively using the “Spatial
Analyst Tool Map Algebra Raster Calculator” in Arc GIS
environment.

Where A is the annual soil loss (t ha™! year™); R is the
rainfall erosivity factor (MJ] mm h™! ha™! year™!); K is
soil erodibility factor [Mg ha™! MJ~! mm™']; LS =slope
length factor (dimensionless); C is management factor
(dimensionless); and P is conservation practice factor
(dimensionless).

Table 1 Description of three identified land use land cover types [43]

Land use/cover classes Descriptions

Cultivated land
Shrubland

Land that cultivated annual crops. This includes rainfed, and including rural homesteads
Areas covered with settlements, shrubs, grazing areas, grasslands with scattered small trees, and shrubs. Bared lands

with scattered herbs and shrubs can be sometimes found

Forest

Areas covered with trees forming canopy cover greater than 30%. This includes trees mixed with shrubs area closure
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Results and discussion

Rainfall erosivity (R) factors
The annual rainfall of the study area was 890.23 mm.
The result showed that the average R-factor value in
the study area was 499.2 MJ mm ha~! h™! year™!. The
R-value is lower its indicates that low erosivity of rain-
fall to erode the soil [4] and low the rainfall intensity

the study area [14].

Soil erodibility (K)

(2020) 9:9

The soil analysis result is reported in Table 2.
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Based in Table 2 result the spatial prediction map of
soil erodibility factor is illustrated in Fig. 4. The result
indicates the central and eastern parts of the water-
shed erodibility factors range from 0.079 to 0.129 Mg h
MJ~! mm™! and the northern and southern parts of the
watershed range from 0.13 to 0.173 Mg h MJ~! mm™.
The K-value of the study area ranged from 0.079 to
0.173. The current result also agrees with similar find-
ings reports in the K values of tropical soils that range
from 0.06 to 0.48 [17] and most Ethiopian soils have the
K values ranged from 0.05 to 0.6 [19]. Contrary to our
result, values ranging from 0.018 to 0.033 from Gumra-
Maksegnit Watershed in the northwestern Amhara [28]
and values ranging from 0.0008 to 0.0073 in western
Iran (Vaezi et al. [55]) were reported. These lower val-

:I'able2 Statistical summary of soil parameters o5 may be recorded because of high organic matter
in the study watershed and surface aggregates. In our study, the mean organic
Soil parameter Minimum Maximum Mean STDEV CV mater was 1.3% in a range from 0.86 to 2.59%, which
sond 1 o . 0s o4 low organic mater [50]. The high K value indicates high
;Im ‘ 4 3 2 8 5'7 0‘5 erodible and vulnerable to soil erosion which could be
C'|t+very e san . 2 5 5A6 0'32 attributed to low clay and organic matter contents as
v ' ' less aggregation of soil colloids [6].
Organic matter 0.03 55 13 12 09
CV-coefficient of variation, STDEV-standard deviation.
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Topography factor (LS)

The area coverage of LS factor values in class categories is
given in Table 3. The average LS factor was 16.33 with the
standard division of 26.7. The LS factor value ranges from
0 to 311 (Fig. 7a). Topographic characteristics have a sig-
nificant impact on the spatial distribution of erosion and
deposition [39]. The current result of LS range values also
agrees with the highland areas of Ethiopia as reported by
[4, 37, 48]. The result shows that northern and southern
part of the study area, hillsides and along the gullies had
higher LS value (Fig. 8a) and it represents higher suscep-
tibility to erosion may be due to the greater accumulation
of runoft and high velocity [2, 3, 22, 48, 57].

Cover and management factor (C)

The cover and management factor is the ratio of soil
loss from the land with specific vegetation to the corre-
sponding soil loss from fallow with the same rainfall [57].
According to the image classification result of the study
area, three land use and land cover images were identi-
fied as cultivated land, forest, and shrubland (Fig. 5).

The area coverage for land uses was defined (Fig. 5 and
Table 5) and shows that cultivated land was the largest
proportion of the study area, followed by shrubland and
forestland. The classified land use and land cover map
from satellite images may have various types of errors.
Therefore, accuracy assessment was done to check the
compatibility of produced classification which exists in
reality.

The accuracy result of the study shows (Table 4) that
the agricultural land was the most accurately classified
land use and land cover followed by shrub and forest
land. The overall accuracy and Kappa coefficient results
in the study area were 86.54 and 0.78, respectively, which
is beyond a threshold value of overall accuracy men-
tioned by Hardy et al. [29], while the acceptable level
of overall accuracy is above 85%. The kappa coefficient
agrees with other similar studies [53, 56].

The average value of cover and management factors in
the Agewmariyam watershed was 0.053. The cultivated
land had a maximum cover factor which indicated that

Table 3 Topography factor class, area coverage,
and percentages in the study watershed

LS class Area in ha Percent
0-10 106.29 579
10-20 26.28 14.3
20-50 37.44 204
50-100 1044 57
100-311 2.70 15
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Fig. 5 Land use and land cover classification map of the study area

higher erosion. It covers the largest of the land use of the
study area.

Conservation practice factor (P)

The conservation practice (P) factor or also known as
erosion control practice factor is the ratio of soil loss with
a specific conservation practice like contouring, strip-
cropping, or terracing measures to the corresponding
loss with up and downslope cultivation [57]. The land
uses and the slope classes are as given in Fig. 6.

P-value was assigned 0.8 and 1 regardless of their slope
for shrub and forest. The agricultural land sub-divided
into six classes based on the slope percentage (0-5, 5-10,
10-20, 20-30, and >50%) and the assigned values are
shown in Table 5 and Fig. 7d. High P values are deter-
mined from agricultural land practiced on slope classes
greater than 30% after forest land and shrubland.

Table 4 Error matrix for accuracy assessment of land use
and land cover of the study area

Cultivated Forest Shrub Row total Users

accuracy
(%)
Cultivated land 54 1 5 60 90
Forest 1 10 1 12 833
Shrubland 6 1 44 51 86.3

Column total 61 12 50 123

Producers accu-  93.69% 83.33% 90.16%

racy
Overall accuracy 86.54%
Kappa 0.78
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Table 5 Land use, area coverage, and cover management
factor for the study area

Land-use type Areainha Area% Cfactor References

149.60 81.65 0.15 Hurni [33], Bewket and
Teferi [7], Amsalu

and Mengaw [3]

Cultivated land

Forest land 10.55 5.80 0.01 Hurni [33], Morgan [40]

Shrub land 230 12.55 0.014 Wischmeier and Smith
[57] and Shiferaw
[48]

Total 183.15 100

Soil erosion risk assessment
Annual soil loss was estimated by integrating rainfall ero-
sivity, soil erodibility, topography, cover management,
and supporting factors in spatial analyst tool Arc GIS
software. The final USLE map displays the average annual
soil loss potential (A) of the Agewmariam watershed
shown in Fig. 8.

The average annual soil loss rate was 25 t ha™! year™
ranging from O ¢ ha™! year ! in the plain area to 897
t ha™! year™! in the hilly terrains of the watershed. The

1

maximum soil loss occurs on the hilly terrains and the
mainstream this perhaps is because of high LS factor
value (50 to 311) slope gradient greater than 30% [11].
The total annual soil loss was 51,403 tons. The erosion
rate risk classification was categorized into five classes as
shown in Table 8 and Fig. 8. The result showed that about
67% of the area is characterized by slight erosion rate
(0-11 t ha™! year™?) and such areas can be considered
low-risk areas. The remaining areas are categorized as
moderate (11-18 t ha™! year™?) erosion risk area (5.43%);
high-risk (18-30 t ha™! year™!) erosion area (5.78%); very
high-risk (30-50 t ha™! year™') erosion area (3.25%) and
severely affected (50-897 t ha™' year™!) erosion area
(18.36%) (Table 8).

The average annual soil loss rate estimated for entire
watershed was 25 t ha™! year™! which is comparable to
other reports by Hurni [33] for the highland of Ethio-
pia (20 t ha™! year'); by Ayalew and Selassie [5] for the
Guang watershed in the Northwestern Ethiopia (24.95 t
ha™! year™'); by Gashaw et al. [22] for the Geleda Water-
shed in the Northwestern Ethiopia (23.7 t ha™! year™?)
and by Amsalu and Mengaw [3] for the JabiTehinan
watershed in the Northwestern Highlands (30.4 t ha™!
year ).
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Unlike our findings, some studies, however, reported
high erosion rate in different parts of Ethiopian high-
lands. For example, Bewket and Teferi [7] for the Chem-
oga watershed of the Blue Nile basin in the northwestern
highlands of Ethiopia (93 t ha™! year™') and Gelagay and

Minale [26] for the Koga watershed in Blue Nile basin
(47.4 t ha™! year™!). The relatively low average soil ero-
sion rate in our study could be due to topography with
average slope (27%) and the cultivated areas are located
in the gentle slopes of the catchment.

On the other hand, other studies reported lower ero-
sion rates than our study, for instance, Brhane and
Mekonen [11] reported 9.63 t ha™! year™!; Gizachew
[27], 9.1 t ha™! year™!; Gerawork and Awdenegest [24],
7.47 t ha™! year_l; Eshete [18], 4.17 t ha™! year_1 and
Tiruneh and Ayalew [54], 4.81 t ha™! year™' in the high-
lands of Ethiopia.

The variation in the results may be attributed to the
varying soil factors in the different study areas and thus
one cannot expect agreement while the biophysical fac-
tors of the various watersheds are not the same. In the
study area, as expected, high erosion rate was recorded
in the steeper slope area of the watershed (Fig. 7) that
ranges from 30 to 83% and the steeper slope land use of
agricultural lands. High erosion rate occurring on the
steep slopes were reported in similar studies [11, 22]
(Table 6).
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Table 6 Conservation practices factor (P-value) [4, 57]

Land-use type Slope class P factor
Agriculture land 0-5 0.1
5-10 0.12
10-20 0.14
20-30 0.19
30-50 0.25
>50 033
Shrubland 0.8

Forest land 1

Table 7 Average soil loss in land use land cover types

No. LULC Average soil losst Areain ha Percent
ha='year™!
1 Forestland 14 10.55 58
2 Shrub land 235 23 12.52
3 Agricultural 276 149.6 81.68
Total 183.15 100

Table 8 Annual soil loss rate, severity class and priority
areas in the Agewmaryiam watershed

No. Soil loss Severity Priority Area (ha) Percent
(tha™ classes classes
year™")

1 0-11 Slight Y 123.04 67.18

2 12-18 Moderate v 9.95 543

3 19-30 High Il 10.58 5.78

4 31-50 Very high Il 595 3.25

5 51-897 Severe I 33.63 1836

Total 183.15 100

The average soil loss was also estimated for the differ-
ent land use land covers and slope classes. The analysis
showed that the soil loss was higher on cultivated land
(27.6 t ha™! year™!) followed by shrubland (23.5 t ha™*
year'); whereas, soil loss was lowest in forestland (1.4
t ha™! year™!) illustrated in Table 7. The main reason
for decreasing soil loss of the forest land areas is that it
has a thick layer of old leaf residue on the surface that
protects against soil erosion. The forest canopy also
reduced the raindrop power and detachment of soil
The current result was also confirmed by Rizeei et al.
[47].

The slope class less than 3% covers an area of 2.5% of
the total area and the erosion rate is least in this slope
(5.8 t ha™! year ). The 3-8% slopes extend over an
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Fig. 9 Prioritization map for soil and water conservation planning

area of 10.5% of the total area (erosion rate is 9.9 t ha™!
year™!). The slope class 8—15% covers 20.2% of the total
area shows the erosion rate is 11.5 t ha™! year™!. The
15-30% slope occupies 30.4% of the area and the ero-
sion rate is 22.3 t ha™! year™!. The 30-50% slope cov-
ers 22.1% of the area, which erosion rate is 35.69 t ha™*
year~!. The greater than 50% slope covers the 14.3% of
the area, where the erosion rate is 49.87 t ha™! year™".
Hence, more erosion was observed in high slope areas
and sloppy cultivated land. Soil erosion is more and the
top layer gets washed out and transported easily due to
the steepness of the slopes. The current result also con-
formed with similar findings reported by Mondal et al.
[38], Brhane and Mekonen [11], Gashaw et al. [22].

The priority of management requirement

Prioritization of intervention areas was based on the
severity and risk of soil erosion imperative. Hence based
on the estimated rates of erosion the study watershed is
classified and ranked into five priority classes as shown in
Table 8 and Fig. 8. Primary USLE was used for conserva-
tion planning by comparing the computed soil loss with
the soil loss tolerance value of the study area. In the study
area, the soil loss rate was compared with the soil loss tol-
erance value, i.e., 5-11 t ha™! year_1 as it was estimated
for the highlands of Ethiopia by Renard et al. [46].

The results of soil loss analysis showed that about 66.5%
of the watershed was categorized as low erosion risk rate
which is below soil loss tolerance value range adapted to
the highlands of Ethiopia [47]. The remaining 33.5% of
watershed was classified under moderate-to-severe risk
classes which are above maximum tolerable soil loss (11 t
ha™! year™!) (Table 8 and Fig. 9). It can be observed from
the assigned class that the different priority areas contrib-
uted differently to the total erosion rate. For instance, pri-
ority class I covers 18.36% of the entire watershed, II and
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III cover combined 9.1% of the watershed. These priority
classes highly contributed to soil loss [48].

Conclusions

This study used the USLE equation with GIS techniques to
assess soil loss rate and identify the hotspot areas in Agew-
mairium watershed. The spatial distribution map of soil
loss in the watershed was generated. The average soil loss
varied from 0 to 897 t ha~! year™!. The mean soil loss from
the entire watershed was 25 t ha™! year™! which is above
the tolerable limit. High soil erosion rate is attributed to
high value of slope length and gradient of the watershed.
Areas with high erosion rates require immediate action of
soil conservation practices. The land management strate-
gies to be implemented should match the characteristics
of the topography, land use cover, and interest of the local
community. Agroforestry, terracing, cut-and-carry system
can be integrated to sustainably manage erosion-prone
areas of steep mountains area.
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