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Abstract 

Background: Soil erosion is the most serious problem that affects economic development, food security, and 

ecosystem services which is the main concern in Ethiopia. This study focused on quantifying soil erosion rate and 

severity mapping of the Megech watershed for effective planning and decision-making processes to implement 

protection measures. The RUSLE model integrated with ArcGIS software was used to conduct the present study. 

The six RUSLE model parameters: erosivity, erodibility, slope length and steepness, cover management, and 

erosion control practices were used as input parameters to predict the average annual soil loss and identify erosion 

hotspots in the watershed.  

Results: The RUSLE estimated 1,399,210 tons yr-1 total soil loss from the watershed with a mean annual soil loss 

of 32.84 tons ha-1yr-1. The soil erosion rate was varied from 0.08 to greater than 500 tons ha-1yr-1. A severity map 

with seven severity classes was created for 27 sub-watersheds: low (below 10), moderate (10-20), high (20-30), 

very high (30-35), severe (35-40), very severe (40-45) and extremely severe (above 45) in which the values are in 

tons ha-1yr-1. The area coverage was 6.5%, 11.1%, 8.7%, 22%, 30.9%, 13.4%, and 7.4% for low, moderate, high, 

very high, severe, very severe, and extremely severe erosion classes respectively.  

Conclusion: About 82 % of the watershed was found in more than the high-risk category which reflects the need 

for immediate land management action. This paper could be important for decision-makers to prioritize critical 

erosion hotspot areas for comprehensive and sustainable management of the watershed. 

Keywords: Soil erosion, Severity mapping, RUSLE model, Megech watershed, Ethiopia 
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Background 

Accelerated soil erosion creates many critical problems 

such as environmental, socio-economic [1], [2], land 

degradation, food security problems [3], intensifying 

climate change, increased conflict, and mass human 

migration [4]. It has been estimated that about 80-85% 

of agricultural land suffers from soil erosion and six 

million hectares of fertile land is being lost every year 

due to water erosion and other related factors [5]–[7]. 

Worldwide, soil erosion rate from cultivated land ranges 

from 22 to 100-ton ha-1yr-1 and causing an annual 

 

 

 

 reduction in crop productivity and by 15-30% [8]. In 

mountainous agricultural lands, the annual rate of soil 

loss can be reached 400 tons ha-1 [9].  

Sub-Saharan Africa (SSA) countries are highly 

threatened by broader land degradation problems, more 

specifically higher soil loss and crop nutrient depletion 

problems which abrupt sustainable agricultural 

production and aggravate food insecurity [10], [11]. 

Ethiopia, one of the SSA countries is facing severe soil 

degradation problems resulting in a decline in different 

soil functions and is the ultimate cause of an irreversible 

change on the poorly renewable soil resources [12].  In 

the Ethiopian highlands, soil erosion by water is extreme 

and reached its peak, and still exists a continuous loss of 

about 1.5 to 3.5 billion tons of fertile soil each year, of 

which 45 % is initiated from agricultural land [13]–[16]. 

On plot-based experiment of long-term analysis of Soil 
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Conservation Research Programme (SCRP), the average 

annual rate of soil erosion on cultivated lands was 

estimated approximately 40 tons ha-1yr-1 and it ranges 

from 1 ton ha-1yr-1 to more than 300 tons ha-1yr-1 [17]. 

Severe soil erosion on farmland which is about 100 tons 

ha-1yr-1 was reported by [18] and 42 tons ha-1 by [13].  

Megech watershed, part of the Ethiopian highlands 

and Blue Nile River Basin (BNRB), is highly affected 

by soil erosion because of intensive rainfall coupled with 

human interventions, such as removal of vegetation 

cover for agricultural practices, the improper agricultural 

system, and wrong livestock management systems [17], 

[19]–[21]. This high rate of soil erosion in the watershed 

system can increase the downstream sedimentation 

problem, loss of onsite crop production, and water 

pollution in Lake Tana and other reservoirs found in the 

watershed. The most important domestic and irrigation 

water source dams; Angereb and Megech, can be 

possibly affected by sedimentation problems that arise 

from the upstream areas of the watershed. For example, 

one-third of the volume of the Angereb reservoir was 

filled with sedimentation in 2007 [19].   

Tremendous efforts were intensively exerted in the 

Ethiopian highlands to implement and expand soil and 

water conservation practices to counteract the increasing 

impact of soil degradation [17]. Although such a huge 

capital and effort was exerted, the effectiveness of the 

installed conservation measures is still in doubt. 

Insufficiently assessing and identification of erosion 

hotspot areas and limitation of sub-watershed-based soil 

loss quantification results inadequate planning and 

design of conservation measures. Implementing 

conservation efforts at once at the watershed level is 

impossible. Before applying any protection measures, 

pre-assessment work on targeted watersheds such as 

identifying the root causes of soil erosion, quantifying 

the magnitude of soil loss as well as assessing the 

erosion hotspots is some of the key points to look for 

options to address the issues of soil degradation [17], 

[18].  Watershed and sub-watershed based spatial and 

temporal quantification of soil erosion and generation of 

severity map is from the first essential phase of an 

integrated watershed management plan to implement 

sustainable land management strategies and land use 

planning [22].  

There are some studies related to soil erosion 

assessment at a basin scale, in the Lake Tana basin 

which included the study watershed [21], [23]. 

However, there was no sufficient study or time-limited 

regarding the rate of soil loss at the Megech watershed, 

and the erosion hotspots are not yet identified. 

Therefore, this research was initiated to assess and 

quantify the rate of soil loss and to create an erosion 

hotspot map in the entire Megech watershed which helps 

for feasible planning and right decision-making 

processes to implement watershed-based conservation 

programs. 

Materials and Methods   
 Description of the study area  

The study was conducted in the Megech watershed, 

located on the north side of Lake Tana sub-basin in the 

Amhara region, Ethiopia (Fig. 1). Megech catchment is 

one of the main river catchments in the upper BNRB in 

which its altitude ranges from 1878 to 2978 m above 

mean sea level. The watershed covers about 427 km2 

area and is geographically located between 12.49 to 

12.76 North latitude and 37.41 to 37.63 East longitude. 

The catchment is characterized by mountainous, rugged, 

and steep-sloped topography that varies from 0  to 68 . 

Two dams are constructed in the watershed, the older 

dam, Angereb which is used for supplying water for 

Gondar town, and the Megech dam which is being 

constructed at watershed downstream, will be used for 

both irrigation purposes and water supply for Gondar 

town.   

According to [24], the Megech watershed falls in two 

agroclimatic zones so-called Dega (cool sub-humid) in 

the higher altitude areas and Weyna Dega (cool-humid) 

in low altitudes. The climate of the Megech watershed, 

generally for upper BNRB, shows tropical monsoon 

climate characteristics [25].  

 
Fig. 1 Map of Megech watershed 
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Rainfall distribution is varied from 1510 mm in the 

highlands to 710 mm in the lowland parts, with an 

average annual rainfall of about 1090 mm. Nearly 80 % 

of the rainfall occurs from June to September.  The 

average maximum and minimum temperatures are about 

27.3 ºC and 13.5 ºC respectively [26]. The main soils in 

the watershed are Leptosols, Nitisols, Luvisols, and 

vertisols. Rainfed agriculture in a mixed farming system 

with cereals, pulses, oilseeds, spices, and livestock is 

practiced in the watershed [26]. 

 Data sources and analytical methods 

To estimate rainfall-driven soil loss and identify erosion 

hotspots of the watershed, various datasets from 

different sources were used. The annual rainfall data was 

obtained from Ethiopian National Meteorological 

Agency (NMA) to compute the erosivity factor. Rainfall 

data from 14 in/nearby weather stations were collected 

from 2000-2020. The K-factor was derived and 

computed from the Harmonized World Soil Database 

(HWSD), a combination of regional and national soil 

information systems with the soil information of FAO-

UNESCO World Digital Soil Map (DSMW), [27]. Grid-

based similar soil data was also obtained from design 

and inspection or ministry of water resource in Ethiopia 

for cross-validation. A 30 x 30 m resolution SRTM 

DEM map was downloaded from USGS 

(https://earthexplorer.usgs.gov/) to compute the LS 

factor. Cover management factor was computed from 

Landsat 08 satellite imagery which was downloaded 

from USGS earth explorer and the support practice (P) 

factor was computed using the integration of land use 

and slope gradient parameters. Fig.2 shows the map of 

all input parameters to conduct the present study. 

 
Fig. 2 The input factors for RUSLE model 

RUSLE model parameters 

The RUSLE model has been widely used, a non-data-

demanding and cheap predictive model for both forest 

and agricultural watersheds [28]. This model can be 

used usually institutional data, such as medium to low-

resolution satellite images and finite rainfall data [29]. 

Besides, the RUSLE model output allows soil 

conservationists to determine the spatial pattern of soil 

loss [30]. This permits us to identify the critical areas 

within fields or catchments that are contributing major 

https://earthexplorer.usgs.gov/
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amounts of soil loss. The RUSLE was implemented for 

the annual soil erosion estimations and mapping by 

incorporating six factors; rainfall erosivity (R), soil 

erodibility (K), slope-length (L), slope-steepness (S), 

cover management (C), and conservation practice (P) 

[31]. The mean annual soil loss in the Megech watershed 

was estimated based on the RUSLE general formula 

given in equation (1) [32]:  

                                           (1) 

Where; A = estimated mean annual soil loss (ton ha-1 

yr-1), R = erosivity factor (MJ mm ha-1 h- 1 yr-1), K 

reflects soil erodibility factor (Mg h MJ-1 mm-1), LS = 

slope length and gradient factors, C = cover factor and P 

= erosion control practice factor. 

R factor is the climatic factor that contributes to soil 

loss through detaching and transporting power by 

raindrop and runoff forces respectively [8]. Rainfall 

intensity and duration are the main significant factors of 

the R factor. Raindrop/splash erosion is the dominant 

type of erosion in barren soil surfaces that cause the soil 

to detach, separate the aggregated soil particles, and 

initiate them to transport downstream areas [33]. The R 

factor is computed by multiplying the maximum 30-

minutes intensity of rainfall and kinetic energy for 

individual rainfall events [32]. In an ungauged 

watershed, the R factor can be calculated using the 

average annual rainfall data of nearby weather stations 

[34]. For the present study, the R-factor was computed 

from the rainfall data collected from 14 in and nearby 

weather stations’ starting from 2000 - 2020 which are 

monitored by the NMA of Ethiopia. R-factor was 

calculated using equation (2) which is developed by 

[32], for Ethiopia modified by [14] and utilized by [35]: 

, at (r2 = 1)                            (2) 

Where, R= Rainfall erosivity (MJ mm ha-1 h-1y-1) and P 

= mean annual precipitation (mm/year). The calculation 

was computed in the ArcGIS environment spatial 

analysis tool using the Inverse Distance Weight (IDW) 

power of two interpolation methods. The output layer 

map was then transformed to a 30 by 30 m raster grid. 

Erodibility indicates the capability of the soil to 

withstand detaching, beating, and eroding forces. The K 

value designated to a particular soil type reflects the 

amount of soil lost per unit of erosive energy compared 

to bare soil, assuming a standard USLE research plot is 

22.1 m long by 1.83 m wide, and 9% slope [28], [32]. 

The percentage of topsoil sand, silt, clay, and organic 

carbon (OC) are the determinant factors to compute the 

K factor [32]. Although a detailed soil sample is needed, 

soil data was obtained from HWSD to compute the K 

factor. HWSD is compiled from four soil databases, the 

World Digital Soil Map (DSMW), the European Soil 

Database (ESDB), the 1:1 million soil map of China, and 

different regional and national SOTER databases [27]. 

HWSD consists of a 30 arc-second raster image linked 

with Microsoft access formatted attribute database that 

consisted of the determinant soil properties including; 

topsoil of sand, silt, clay, and OC which are the 

determinant factors to calculate the K factor. The K 

factor is then calculated based on equation (3) developed 

by [36]. 

                                         (3) 

Where each letter has its formula: 

      (3.1) 

                                                       (3.2) 

          (3.3) 

                                                                                   (3.4) 

Where: SAN indicates percent sand; SIL indicates 

percent silt, CLA indicates percent clay; C indicates 

organic carbon (OC %) content, and SN1 indicates sand 

percentage subtracted from one and divided by 100. 

Using an ArcGIS format, the final computed K value 

was added on the attribute table of the masked watershed 

from the soil map and created a raster map by clicking 

the symbology option in properties and then converting 

it to a 30 by 30 m raster grid using attribute data of K-

value to develop a K-factor map.  

The LS factor measures the effect of length and 

steepness of slope on soil erosion. L value is computed 

by dividing the actual horizontal slope length to the 

experimentally measured slope length of 22.1 m, and the 

S factor is calculated as a ratio of the actual slope to an 

experimental slope (9%) [28], [32], [33]. LS factor was 

computed from 3 arc-sec SRTM DEM with 30 m 

resolution which was downloaded from USGS earth 

explorer (https://earthexplorer.usgs.gov/). The DEM was 

extracted by the study watershed shapefile and subjected 

to raster calculation to obtain L and S factors. The 

computation of LS factors requires pre-processing of 

https://earthexplorer.usgs.gov/
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flow accumulation and slope angle. The DEM was used 

as an input to process flow accumulation and slope angle 

in ArcGIS Spatial analyst plus arc hydro tools extension. 

L factor was calculated based on the improved RUSLE 

equations described below using equation (4) [32]:  

                                                                 (4) 

Where; L reflects slope length factor;  is horizontal 

field slope length in meter and “m” is the variable slope 

length exponent. In the original USLE, the “m” value for 

slope level greater than 5% is 0.5, which is the same for 

all slopes greater than 5%. However, RUSLE uses 

equations (4.1 and 4.2) to improve the value of the slope 

exponent [28]. Therefore, the slope exponent value 

increase as slope inclination gets higher. The value of β 
is computed based on slope angle for soils sensitive to 

sheet and rill erosion [37], [38]. In this study, the 

extracted DEM of the Megech watershed was subjected 

to equations (4.1 and 4.2) and finally computed by 

equation (4) to compute the L factor. 

                                                                   (4.1) 

                                                    (4.2) 

Where  is the relative proportion of rill to inter-rill 

erosion and  is slope gradient angle. The S factor was 

computed based on equations (5 and 6) as described in 

RUSLE handbook 703 [28], [38]. 

                         (5) 

                       (6) 

Where S indicates slope gradient factor; and  indicates 

slope angle. The topographic factor in the RUSLE model 

was then obtained by multiplying L and S factors. 

C factor is the ratio of soil loss from particular 

cropland to the corresponding soil loss from clean-tilled, 

continuous fallow lands, and generally, the value ranges 

from 0.001 for dense forests to 1.0 for bare land [32], 

[33]. It explains the level of protection of soil under 

specified land cover management. Because of the 

variation of land cover with spatial and temporal 

patterns, Landsat 08 satellite imagery acquired on 

January 30, 2019, with 30x30 m resolution was 

downloaded from USGS earth explorer 

(https://earthexplorer.usgs.gov/) to compute the C factor. 

From the 11 bands, only 6 from (band 2-7) were selected 

and combined as a composite band in the ArcGIS 

environment. Because these bands have high resolution 

to visualize and classify the targeted land use type. By 

changing and selecting the appropriate band 

combinations, the appropriate LULC types were 

classified in the Megech watershed using a maximum 

likelihood supervised classification system. Ground 

reference points taken from google earth and manually 

surveyed ground control points were used for accuracy 

assessment. 160 control points were selected in simple 

random sampling methods to compute the accuracy 

assessment of the classified image. A confusion matrix 

was created in the ArcGIS environment using a pivot 

table toolbox under the data management tool. Overall 

accuracy was computed by dividing the total number of 

correctly classified pixels by the total number of 

sampled (references) pixels. 

The support practices (P) factor is the relative 

proportion of soil loss with certain erosion control 

practices to the corresponding soil loss if the cultivation 

system is up and down the slope [32]. The P-value is 1 

for soils without support practices and close to zero 

when proper erosion control barriers are implemented. 

Several support/ erosion control practices include 

contour strip-cropping, tillage on the contour, terrace 

systems, and grassed waterways, all of which acting as a 

barrier for runoff velocity at the same time reduce soil 

erosion and tend to reduce the P factor [39]. A detailed 

assessment of erosion protection measures is necessary 

to obtain an accurate result of the support practice factor. 

However, because of the availability of inconsistent data 

on different soil conservation measures in the study area, 

the combined effect of land use and slope gradient were 

used as input parameters to calculate and drive the P 

factor map (Table 1 & Fig. 3). 

Table 1 P factor of Megech watershed based on [32] 
Land Use Slope (%) P value 

Agricultural Land 0-5 0.1 

 5-15 0.12 

 15-30 0.14 

 30-50 0.19 

 50-75 0.25 

 >75 0.33 

Other land uses  1 

https://earthexplorer.usgs.gov/
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Soil loss estimation and severity mapping 

After computing and creating a 30x30 m raster layer for 

the six parameters, the final soil loss calculation was 

made by multiplying these parameters using the raster 

calculator under the spatial analysis tool of ArcGIS 

environment using equation (1). Finally, the erosion 

severity map was generated by sub-dividing the main 

watershed into 27 sub-watersheds. The 27 sub-

watersheds were Delineated during the delineation of the 

main watershed using the SWAT model extension in 

ArcGIS. The main reason for using the SWAT model 

extension was that we can set a minimum area threshold 

level. The sub-watersheds were delineated using the 

initial area of 500 ha which is recommended for the 

objective of land development and soil conservation plan 

[40].  

 

Fig. 3 The RUSLE model flowchart 

Results and Discussions 

The spatial soil erosion rate was assessed and quantified 

from a cell-by-cell raster calculation using the six 

RUSLE model parameter layers: rainfall erosivity, soil 

erodibility, topographic factors, cover management, and 

erosion control practice factors in ArcGIS software. The 

soil erosion severity map was also created which could 

be provided as a guide for farmers, developmental 

agents, and land managers for an appropriate 

conservation intervention plan. 

Rainfall Erosivity (R): Rainfall intensity and duration 

are the main significant factors of this parameter. Annual 

rainfall distribution in the study watershed was ranged 

from 1024.93-1345.45 mm. The computed R factor was 

ranged from 567.89 to 748.03 MJ mm ha−1 h−1 yr−1 with 

an average value of 672.5 MJ mm ha−1 h−1 yr−1 (Fig. 4). 

Thus, this R-value has a great weight on total annual soil 

loss computation. The spatial distribution of the R factor 

was higher from the northern to the mid-part of the 

watershed. However, the R factor decreased when we 
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moved from the northern to the southern (outlet) part of 

the watershed. Protection activities used to minimize the 

impact of rainfall, runoff and sedimentation can be 

adopted based on the erosivity values. 

Soil Erodibility (K): Based on the extraction from 

HWSD, Megech watershed has about five soil types: 

Humic Nitisols, Eutric Vertisols, Eutric Leptosols, 

Haplic Luvisols, and Lithic Leptosols with its 

corresponding textural classes of heavy clay, light clay, 

loam, sandy clay loam, and clay loam of which Lithic 

Leptosols is the dominant soil type which accounts 

80.6% of the total study area (Fig. 2 & 4 ). The K values 

for the study watershed were 0.1, 0.14, 0.21, 0.26, and 

0.49 Mg ha-1 MJ-1 mm-1 for Humic nitisols, Eutric 

vertisols, Eutric Leptosols, Haplic Luvisols, and Lethic 

Leptosols respectively (Table 2).  

The K factor equation used in this study allows the 

variability of K values from 0.1 to 0.5 which is 

documented in the US Department of Agricultural 

Technical Bulletin No.1768. [36]. The K value normally 

varied from near zero to about 0.6, and it is very low for 

soils with high water retaining capacities, such as well-

drained sandy soils or friable tropical clays with high in 

hydrous oxides of iron and aluminum or kaolinite [1]. 

The K factor computed in this study was therefore 

realistic. Soil erodibility depends mainly on the content 

of OM in the soil and soil texture [41]. Generally, soils 

with high water infiltration capacities and moderate soil 

structural stability have a K-factor of 0.2 to 0.3, while 

the most easily eroded soils with low infiltration 

capacities will have a K-factor of 0.3 or highest [1].

Table 2 Major soil types at Megech watershed and the corresponding K value 

Soil type (FAO 90) Texture (USDA) K Factor Area (ha) Area (%) 

Eutric Leptosols (Lpe) loam 0.21 460.88 1.1 

Lithic Leptosols (LPq) clay loam 0.49 34423.88 80.6 

Haplic Luvisols (LVh) Sandy clay loam 0.26 776.7 1.8 

Humic Nitisols (NTu) clay 0.1 6244.55 14.6 

Eutric Vertisols (Vre light clay 0.14 800.52 1.9 

Where K value is in Mg ha-1 MJ-1 mm 

Lithic Leptosols had the greatest (0.49) K-value while, 

Humic Nitisols which is found in the eastern part of the 

watershed, had the least (0.1) K-value. Lithic Leptosols 

followed by Haplic Luvisols are more sensitive to 

erosion. Whereas, Humic Netisols and Eutric Vertisols 

are less susceptible to rainfall-driven erosion. Soil with 

higher levels of OM is usually less sensitive to erosion 

because it coagulates soil colloids and creates a more 

stable and aggregated soil structure. Fine to medium 

textured soils and soils with low OM content have low 

infiltration capacity and, are more sensitive to water 

erosion [42], [43].  

The topographic Factor: LS factor is the most 

significant factor of soil erosion for mountainous areas 

which is the characteristics of the Megech watershed. 

The average slope for the Megech watershed was 14  

(26.2%) and it ranged from 0 to 68° (Fig. 2), has higher 

topographic characteristics. More than 70% of the 

research area has a slope class of greater than strong to 

extremely strong (>8 ), which means it aggravates 

rainfall-driven rill and inter-rill soil erosion. As 

described in Fig 5, soil loss in each slope class was 

increased as the slope class increased. About 32.8% of 

the watershed was categorized under the slope class of 

8-16  and had an average erosion rate of 18.6 tons ha-

1yr-1. The corresponding erosion values for slope classes 

of 0-3, 3-5, 5-8, 16-24, and greater than 24  were 3.8, 

6.8, 11.6, 33.21, and 73.6 tons ha-1yr-1 respectively.  
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Fig. 4 Rainfall Erosivity and Soil Erodibility Map of Megech Watershed 

 
Fig. 5 The effect of slope gradient on soil loss  

LS factor was calculated by using flow accumulation 

and slope angle using 30 m resolution DEM as an input 

parameter. The L factor was higher in valleys and 

depressions due to the high-flow accumulation rate (Fig. 

6). Whereas, the S factor was higher in the southeastern 

to the central part of the watershed where the higher 
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slope gradient was found (Fig. 6). The average LS factor 

value was 4.62 and generally, the LS factor ranged from 

0.03 to 183.32 (Fig. 6). The average LS factor increases 

with increasing slope steepness and flow accumulation. 

When slope length is higher, the opportunity for 

accumulation and concentration of runoff water is also 

higher; slope steepness also accelerates the runoff 

velocity [1], [32]. 

.  

Fig. 6 LS Factor of Megech Watershed 

Cover Factor (C): The major LULC types in the 

Megech watershed identified using supervised 

classification were open forest (16.31%), grassland 

(11.4%), agricultural land (70%), and settlement (2.3%). 

Based on the land use classes, the C factor values were 

assigned to each land use type and the C factor map was 

generated (Fig. 2 & 7). The corresponding C factor 

values for these land-use types were 0.014, 0.02, 0.05, 

and 0.15 for vegetation cover, settlement, grassland, and 

agricultural land respectively. This C factor 

classification was based on Hurni’s and Hellden’s 

classification of which for well-protected land assigned 

as 0 and for bare land it assigned as 1 [14], [35]. Near-

surface features such as well-grassed slopes, stem 

leaves, litter, and biological soil crusts have a greater 

contribution to reducing detachment, overland flow as 

well as soil erosion rate [44] As LULC type varies so 

does the C factor. Because the C factor is computed after 

the determination of the LULC type of specified area. 

Accuracy assessment provides the means to assess the 

confidence with which the classified image was accurate 

or not. The overall accuracy assessment of classified 

images in this study was 94.2 % which is greater than 

the acceptable level. The acceptable level of overall 

accuracy assessment is taken as 85 % [45]. 

Because of the suitability of the area for human 

settlement, vegetation removal for the expansion of 

cultivated lands is the common practice experienced in 

the northern highlands. Removing vegetation cover and 

intensive agricultural practices aggravates soil erosion, 

washing away the fertile top-soils that contain essential 

nutrients; leaving infertile and shallow soils with poor 

water retention capacity [17], [20]. Croplands are more 

sensitive to erosion as it is frequently tilled and 

vegetations are removed before planting the crop and the 

land is bare between two planting seasons [43].  Hence 

70% of the area is occupied by agricultural land, the soil 

is intensively cultivated and manipulated; the watershed 

could be affected by rill and inter-rill erosion.  
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Fig. 7  C Factor and P Factor Map for Megech Watershed 

Control Practices Factor (P): This factor measures the 

effect of erosion control measures on the surface runoff 

velocity and its corresponding impact on the total soil 

erosion rate [32]. A detailed study is necessary to obtain 

an accurate result of the support practice factor. 

However, because of the unavailability of full data on 

different conservation measures in the study area, the 

combined effect of land use and slope gradient were 

used as input parameters to calculate and drive the P 

factor map. Based on the RUSLE analysis, the P factor 

for agricultural lands ranges from 0.1 to 0.33, while 

other land uses were assigned as the P-value of 1 as 

described in Fig. 7 and Table 1. 

Soil Loss Estimation and Severity Mapping 

The estimated total soil loss from the whole watershed 

was about 1,399,210 tons yr-1 with a mean soil erosion 

rate of 32.84 tons ha-1yr-1. This finding is much higher 

than the country’s soil loss threshold (5-12 tons ha-1yr-1) 

level [20]. The soil loss rate ranged from 0.03 tons ha-

1yr-1 in the eastern, outlet, and very flat lands to more 

than 500 tons ha-1yr-1 in the gorged, valley, and steep 

slope lands of the watershed (Fig. 8). The northwestern, 

mid-part, and southeastern part of the watershed was 

highly affected by soil erosion rate. This could be 

happened due to the larger area of cultivated land and 

the slope steepness factor experienced in the watershed 

in addition to other unexplained variables (Fig. 5 & 8 ). 

Although there are many parameters, the topography is 

the major influencing factor that determines spatial soil 

erosion rate [46], [47]. Flow depth decreases and runoff 

velocity increased as slope gradient gets higher [48] The 

largest part of the watershed is dominated by the clay 

loam soil textural class that can be easily eroded by 

sheet/inter-rill erosion. Research conducted in China 

found that clay loam soil textural class has been highly 

affected by sheet/inter-rill erosion [49]. Intensive 

rainfall also scored in the northern part of the watershed, 

which could be the cause of severe erosion in the same 

area. 

Uniform soil loss and severity could not be accrued in 

the watershed. This is because of the variation of input 

parameters such as land use, topography, soil type, and 

different soil and water management activities [50]. 

Creating an erosion severity map is important to decide 

on which area is highly affected by erosion so that it 

needs immediate action. This can be important to 

identify critical erosion hotspots and make prioritization 

between sub-watersheds to allocate limited resources for 

any erosion control measures and install suitable 

protection measures at the appropriate place [51], [52]. 
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It can also be important in human and financial 

resources management [53].  

Seven severity classes were used according to Morgan 

classification as 0-2, 2-5, 5-10, 10-50, 50-100, 100-500, 

and greater than 500 for very slight, slight, moderate, 

high, severe, very severe and catastrophic respectively 

[8]. Based on Morgan’s classification, most of the sub-

watersheds are categorized under the high (10-50 tons 

ha-1yr-1) class (Fig. 8A), which is not a suitable erosion 

category to proceed to the second objective.  Therefore, 

the severity class was modified based on the 

characteristics of the watershed and depending on the 

soil loss rate in each sub-watershed. The modified 

severity classes were low (0-10), moderate (10-20), high 

(20-30), very high (30-35), severe (35-40), very severe 

(40-45), and extremely severe (above 45) in which the 

values in brackets are mean annual soil loss in tons ha-

1yr-1.  

 

Fig. 8 Annual soil loss and severity class map of Megech watershed 

The seven severity classes ranging from low erosion 

(VII) to extremely severe erosion class (I) was created to 

generate the severity map for the 27 sub-watersheds 

(Fig. 8 and Table 3). The corresponding area coverages 

starting from low erosion risk to extremely severe 

erosion risks were 2794, 4721, 3702, 9405, 13181, 5732, 

and 3171 ha respectively. Five sub-watersheds (SW_9 to 

SW_13) were ranked as a very high class (IV), Seven 

sub-watersheds (SW_14 to SW_20) were classified as 

severe (III), four sub-watersheds (SW_21 to SW_24) 

were categorized as very severe (II) class and finally, 

three sub-watersheds (SW_25 to SW_27) classified as 

extremely severe (I) class (Table 3). The sub-watersheds 

with extremely severe erosion have been given as 1st 

priority class for a conservation plan and so on. About 

82% of the Megech watershed was found more than the 

high-risk category which means it needs immediate 

conservation action based on the rank of the watersheds 

starting from the first ranked (extremely severe) sub-

watershed to the other consecutive sub-watersheds. It 

does not mean that the lower-ranked sub-watersheds do 

not need any conservation measure. However, the 

conservation measures should be considered after the 

completion of the top-ranked severe sub-watersheds.  
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Table 3 Severity class of sub-watersheds for conservation prioritizations 

Watershed Area 

(ha) 

Soil loss per 

watershed (tons) 

Soil loss (ton 

ha-1) 

Priority 

Class 

Severity Area coverage 

based on Severity 

(ha) 

SW_1 1697 4481.14 2.64 VII Low 2794 

SW_2 1097 7708.82 7.03    

SW_3 913 12249.51 13.42 VI Moderate 4721 

SW_4 2127 31223.92 14.68    

SW_5 1681 30323.98 18.04    

SW_6 1960 43863.23 22.38 V High 3702 

SW_7 1240 33931.96 27.37    

SW_8 503 13770.05 27.39    

SW_9 1139 35481.10 31.15 IV Very high 9405 

SW_10 2080 66731.85 32.08    

SW_11 1869 63581.34 34.02    

SW_12 920 31981.82 34.75    

SW_13 3396 118189.15 34.8    

SW_14 1385 49627.18 35.82 III Severe 13181 

SW_15 2326 88316.70 37.97    

SW_16 3355 128017.26 38.16    

SW_17 1057 40929.20 38.74    

SW_18 1732 67321.11 38.88    

SW_19 1107 43044.23 38.89    

SW_20 2220 86687.54 39.04    

SW_21 1658 67772.68 40.87 II Very 5732 

SW_22 1765 77708.55 44.03  Severe  

SW_23 808 36013.39 44.56    

SW_24 1501 67015.46 44.66    

SW_25 1355 64635.41 47.7 I Extremely 3171 

SW_26 753 36704.58 48.76  Severe  

SW_27 1064 51900.26 48.8    

Where, low = <10, moderate = 10-20, high = 20-30, very high = 30-35, severe = 35-40, very severe = 45 and Extremely Severe = >45 tons ha-1 yr-1; 

SW stands for Sub-Watershed. 

Validation 

Because of the difficulty of getting data for validation, 

previous research findings were used as a confirmation 

for the present study. The result found in this study was 

realistic as it was confirmed by previous research studies 

mentioned below: 30.6 tons ha-1yr-1 in using the RUSLE 

model [54]. The soil loss result of the current study was 

found in the range of the region’s soil loss result which 

is about 16-50 tons ha-1yr-1 [55]. Another report also 

found about 27.5 tons ha-1yr-1 in the Abay River basin 

using RUSLE model [56], 10-35 tons ha-1yr-1 in Koga 

catchment using AnnAGNPS model [57], 37.5 tons ha-

1y-1 in Beshillo catchment in Blue Nile River basin using 

RUSLE model [58],  23.4 tons ha-1y-1 in central Ethiopia 

using RUSLE model [59] and 21.08 tons ha-1 in 

neighboring Gumara-Maksegnit watershed using SWAT 

model [60]. A basin-scale study in the Lake Tana sub-

basin using the SWAT model showed that the Megech 

watershed was found from the number one erosion-

sensitive sub-basins which accounted for an average 

annual sedimentation rate of 30-65 tons ha-1yr-1 [21]. 

The result found in the current study was in between the 

above-mentioned previous findings, which indicates that 

the finding was realistic.  

Conclusion  

A quantitative soil erosion assessment in the Megech 

watershed using the RUSLE model in a GIS interface 

had been conducted to quantify the mean annual soil loss 

and to identify erosion hotspots in the watershed. The 

RUSLE model estimated the mean annual erosion of the 

watershed as about 32.84 tons ha-1yr-1 and total soil loss 

from the watershed was about 1,399,210 tons yr-1.  

A specific severity map was also created for the sub-

watersheds as low erosion severity (<10 tons ha-1yr-1), 

moderate erosion (10-20 tons ha-1), high erosion 

category (20-30 tons ha-1yr-1), very high (30-35 tons ha-

1yr-1), severe (35-40 tons ha-1yr-1), very severe soil 

erosion (40-45 tons ha-1yr-1) and extremely severe 

(greater than 45 tons ha-1yr-1). Based on this 

classification system, about 2794 ha considered as low 

erosion, 4721 ha in the category of moderate erosion, 

3702 ha in the category of high erosion on five sub-
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watersheds, 9405 ha in the category of very high erosion 

on eight sub-watersheds, 13181 ha on the category of 

severe erosion, 5732 ha under very severe erosion class 

and 3171 ha falls under extremely severe soil erosion 

category. About 82 % of the area was found in more 

than high-risk categories which means it needs an 

immediate implementation of SWC measures based on 

the priority class of each sub-watershed. Thus, the 

Megech watershed especially the northwestern, mid-

part, and southeastern parts of the watershed required 

intensive protection measures. This is very important to 

save Lake Tana and Megech and Angereb reservoirs 

from sedimentation. 

The severity map along with individual sub-

watersheds could be used to introduce targeted 

conservation practices and investments to address soil 

erosion problems across the entire watershed. Knowing 

the spatial pattern of erosion severity in different sub-

watersheds could be helped to target resources and 

monitor the progress at the sub-watershed scale with soil 

loss estimates for comprehensive and sustainable 

management of the watershed. This study also bears 

witness to that the RUSLE model integrated with the 

ArcGIS environment is a relevant and practical 

technique to check out spatial variability of soil erosion 

for appropriate soil and water management intervention. 

Further detailed research is needed to estimate the 

observed sediment load in the Megech dam reservoir. It 

can also be important to predict future soil erosion trends 

for a better pre-mitigation option. 
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