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Abstract 

Background: Water induced soil erosion is the most prevailing form of land resources deterioration in the highlands 
of Ethiopia, where huge amount of fertile soil is being lost annually. The purpose of this study was to estimate and 
map mean annual soil loss rates in the Gedalas watershed of the Blue Nile Basin, Northeastern Ethiopia. The estima-
tion was carried out by using RUSLE model coupled with local perceptions. Soil, land use/cover, DEM, rainfall and sup-
port practice data were used as an input parameters. The raster layers were processed to present the required input 
parameters in ArcGIS platform and finally the inputs were multiplied together to quantify annual average soil loss rate 
and generate intensity maps of the watershed.

Results: The estimated annual mean soil loss rate of the watershed was found to be 37  t ha−1 year−1, which is 
more than two times higher as compared to the maximum tolerable soil loss value (16 t ha−1 year−1) and the annual 
erosion rates range from 0 to above 935 ton ha−1 year−1. The annual mean soil loss values below 5 ton ha−1 year−1 
were rated as very slight, while those above 50 ton ha−1 year−1 were categorized as very severe soil erosion risk. Areas 
experiencing values between these two were further classified into slight, moderate, and severe erosion zones. Soil 
loss in more than 1/3rd of the study area (36.4%) was below moderate (< 15 t ha−1 year−1). Nearly one-fourth (25.5%) 
of the watershed area experienced moderate (between 15 and 30 ton t ha−1 year−1) soil loss values. Only 14% of the 
watershed areas were classified under severe to extremely severe (> 30 t ha−1 year−1) soil erosion risk zones. While 
62% of the watershed still undergoes from very slight to moderate levels of soil loss, yet 72.6% of soil erosion occurred 
in zones less than 3200 m in elevation which represents more than half (51%) of the total surface area of the water-
shed. The study also demonstrated that the northeastern parts of the watershed suffer more from high soil erosion 
risk due to steep slope and rugged landforms of the area. Similarly, 43% and 35% of soil erosion occurred on cropland 
and grasslands areas, respectively.

Conclusion: The quantitative soil loss estimation results and farmers’ perception of soil erosion revealed that soil ero-
sion has still remained significant problems in the watershed. The results underscore the urgent need for comprehen-
sive and site-specific SLM practices in the watershed.
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Background
Soil is the most crucial but highly vulnerable natural 
resource in the world (Lal 1994; Oldeman et al. 1995; Lal 
2001). Soil erosion is a multifaceted and predominant 
global land degradation process which leads to decline 
in ecosystem services and functions (Gebrehiwot et  al. 
2014; Adimassu et  al. 2014; Angassa 2014; Haregeweyn 
et  al. 2015). At the global level, the largest share of soil 
deterioration is caused by water induced soil erosion 
(Brady and Weil 2012; Hurni 2002; Piccarreta et al. 2006; 
Rodrigo et al. 2015). It is reported that more than 2/3rd 
of farmland degradation in Africa is caused by soil ero-
sion (Tully et al. 2015).

Soil erosion not only descent soil quality and produc-
tivity due to its on-site impacts (Lal 2001; Nyssen et  al. 
2004; Pimentel 2006; Haregeweyn et  al. 2008; Tamene 
et  al. 2008; Erkossa et  al. 2015) but also has far reach-
ing off-site impacts such as destruction of infrastruc-
tures, deposition of sediments and associated diversion 
of streams courses, and pollution of downstream and 
ground water resources (Tamene et  al. 2011; Balthazar 
et al. 2013; Haregeweyn et al. 2015, 2017).

Erosion-caused land degradations are most popu-
lar problems in the highlands of Ethiopia, where huge 
amount of fertile soil is being lost annually (Hurni 1993; 
Betrie et al. 2011; Mekonnen et al. 2015; Gessesse et al. 
2016). It is one of the many factors affecting rural liveli-
hoods, land productivity and sustainability as it reduces 
the productive capacity of the land and exacerbates pov-
erty and food insecurity (Lal 2001; Adimassu et al. 2014; 
Angassa 2014; Erkossa et al. 2015; Gessesse et al. 2015).

Though the risk of soil erosion and sediment yields 
vary from place to place, the course of actions are gener-
ally controlled by a number of environmental (e.g. Land-
forms; soil characteristics; rainfall amount, intensity and 
distribution; vegetation type and cover; lithology) and 
socio-economic attributes such as implementation of 
anti-erosive land use and management practices (Amare 
2007; Bewket 2007).

On the highlands of Ethiopian, there are a num-
ber research report pertaining to the peril of soil ero-
sion at various spatial and temporal scales (Hurni 1993, 
1996;  Sonneveld and Keyzer 2003; Nyssen et  al. 2005; 
Amsalu et al. 2007; Amare 2007; Nyssen et al. 2009; Har-
egeweyn et  al. 2013; Erkossa et  al. 2015; Gelagay 2016; 
Haregeweyn et  al. 2017). All these highlighted that ero-
sion-caused land degradations are by far the major prob-
lems, which deprive soil’s fertility, water holding capacity, 
and its biodiversity (Hurni 1988; Bewket and Teferi 2009; 
Gebrehiwot et  al. 2014; Fenta et  al. 2016; Haregeweyn 
et  al. 2017). However, the extent and magnitude var-
ies from one part of the country to another depending 
on the farming practices, population pressure, type and 

susceptibility of the soils to erosion, local climate, the 
general terrain configurations, and variations in agro-
ecological setting of the area (Tebebu et  al. 2010; Mon-
sieurs et  al. 2015). All this implies that location specific 
soil erosion studies are still substantial in Ethiopia for 
arresting the problem of soil loss.

The present research was undertaken in relatively lit-
tle known but highly susceptible and fragile areas of the 
Gedalas Watershed, where soil erosion is the major chal-
lenges and common phenomenon, yet such studies are 
rare. The watershed is more prone to water induced soil 
erosion and associated land degradation due to multiple 
causal factors including, but not limited to, the nature 
of landforms which is manifested by steep slopes, rug-
ged terrains, and complex ravine networks; climate (e.g., 
erosive rainfall after long period of dry seasons); inap-
propriate land use/management practices and inherent 
properties of the soil; and other anthropogenic activities.

It is argued that prior assessment of the spatial distri-
bution of soil erosion is crucial for planning successful 
sustainable land management program. Hence, evalua-
tion of soil loss rates and identification of erosion prone 
areas in such an overlooked place is very important to 
protect the area from further damage. Moreover, suc-
cessful conservation planning and associated land man-
agement strategies requires site-specific, accurate and 
detailed environmental (e.g. trends and status of soil ero-
sion) and socio-economic information complement by 
practical experiences of land users and experts. There-
fore, this study intends to estimate the current status of 
soil erosion and develop soil erosion severity map using 
remote sensing data and local perceptions for optimal 
soil conservation planning and sustainable land manage-
ment strategies.

Methods
The study area
This study was conducted in Gedalas watershed, which 
is situated in degraded but relatively in accessible and 
drought prone areas of the Beshillo Catchment (Tribu-
tary of Blue Nile Basin), Northeastern Highlands of 
Ethiopia. Geographically, it lies between 10°56′52″ and 
11°13′26″ N, and 39°06′10″ and 39°18′53″ E (Fig. 1). The 
total area of the watershed is 23,970 ha (237.9 km2).

Most of the terrains configurations of the watershed are 
complex which are evidenced by rugged and strongly dis-
sected mountainous landscapes with steep slopes, deep 
ravines, multiple small sub catchments and numerous 
flow routings that aggravate the risks of water induced 
soil erosion mainly at the rainy seasons. The elevation 
of the watershed differs over short distances and ranges 
from 1919 to 4233 m a.m.s.l with the mean elevation of 
3163  m. The slope of the watershed varies from almost 
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flat to very steep slopes and steadily decreases north-
east wards. The watershed is drained by numerous small 
streams which generally join and flow to Adela through 
Gedalas River (Figs. 1, 2).

The watershed falls within three agro-ecological zones 
(Fig. 3): Temperate (Woina Dega), cool (Dega) and Wurch 
(Afro alpine) zone (MOA 1998). The pattern of rainfall 
in watershed is bimodal type with a 30 years mean yearly 

Fig. 1 Location of Gedalas watershed in relation to Ethiopia and the Amhara region

Fig. 2 Stream orders and drainage density of the Gedalas watershed
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rainfall of 930  mm. The highest average monthly rain-
fall (303 mm) was recorded in July; the lowest (10 mm) 
in December. The rainfall is variable from year to year, 
in terms of both intensity and distribution. The coeffi-
cient of variation of rainfall was calculated at 14.62% and 
standardize Rainfall Anomaly index also shows variation 
over the period of observation which implying that there 
is inter annual rainfall variability in the area (Fig. 4). The 
monthly average minimum temperatures ranges between 
6.4 and 8.6 °C while the maximum stretches between 17.9 
and 21  °C. The annual mean temperature of the water-
shed is 13.6 °C (Fig. 5). 

Although there are diverse topographic, agro-ecologi-
cal zones, soil types, and climatic features, the vegetation 
cover of the watershed is very poor. However, still there 
are various types of vegetation types which range from 
scattered woodlots to Afro alpine types. Aside from the 
patches of eucalyptus trees planted by farmers and gov-
ernment initiated programs; there are a few dispersed 
indigenous tree species, shrubs and Alpine species 
unique to extreme highland parts of the watershed.

The watershed is occupied by a total population of 
approximately above 35,000, which makes a rural crude 
population density of close to 146 persons  km−2 which 
is notably higher than the regional mean of 113 per-
sons km−2 (Estimation from Tenta district, 2016).

Agriculture is the main economic activity and source of 
local livelihood. Integrated subsistence level rain-fed crop 
cultivation and livestock rearing are the principal farming 
system. Farm plowing is commonly carried out with con-
ventional ard (locally called ‘Maresha’) drawn by a cou-
ple of oxen. The number of tillage operation depends on 
plot characteristics, availability of farm tools and type of 
crops grown. Generally, plowing frequency ranges from 
1 to 3 for every cropping season. The major cultivated 
crops of the area are cereals and pulses. In addition, some 
farmers produce oil seeds, vegetables and root crops on 
a small scale using traditional irrigation systems around 
homesteads.

Livestock rearing is an essential segment of the farm-
ing system in the watershed though ownership of live-
stock per household is generally declining with time due 
to shortage of grazing/browsing lands and subsequent 
animal feed constraints. Cattle, shoats and equines are 
the dominant livestock species in the watershed. Though 

Fig. 3 Agro ecological belts of the Gedalas watershed

Fig. 4 Standardize Rainfall Anomaly (SRA) (1984–2014) the area (based on Ambamariam meteorological station)
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there is an effort to stop free grazing, post harvest stubble 
grazing is still a common practice in the area.

Data type and sources
The soil erosion process is a complicated system con-
trolled by a multitude of factors comprising soil char-
acteristics, local climatic conditions, nature of terrain 
features, ground cover, land use types, conservation prac-
tices, and interaction between them. Hence, both quan-
titative and qualitative methods were employed to take 
advantage of their complementarities and counterbalance 
inevitable weaknesses of each approach. With the aim of 
triangulation, digital and non-digital data were collected 
from many sources including field inspection (Table  1). 
Most input factor of RUSLE model was estimated using 
selected methodologies or obtained from literature that 
have been developed specifically for Ethiopian context. 
For each factor considered in the RUSLE model, a respec-
tive file was built in the GIS environment and finally 
merged together in the model to generate final map that 
indicates soil loss rate of the watershed. The data inputs 
pertaining perception and experiences of local com-
munities were collected through one-on-one scheduled 
interviews with sample household’s heads, focus group 
discussions, in-depth key informant interview, and 
observations of plots and its environs with sample house-
hold heads. The overall processes are depicted at Fig. 6.

Soil erosion models
Though soil erosion menace and associated land degra-
dation and sedimentation persist throughout the geologic 
time scales, the circumstance is bothered in recent times 

with man’s expanding mediations with the natural envi-
ronment. Thus, estimation of soil erosion has become 
a basic issue and remains being one of the real research 
topics at various spatial and temporal scales using proper 
model (Ganasri and Ramesh 2016).

Fig. 5 Mean monthly maximum and minimum temperature and mean monthly rainfall records 1984–2017, from Ambamariam meteorological 
station (3000 m), South Wollo, Ethiopia

Table 1 Data type, source and  description used 
in the study Source: Compiled by the Author, 2017

Type of input data Source of data Description

ASTER digital elevation 
model (ASTER DEM)

USGS/EROS (http://gdex.
cr.usgs.gov/gdex/)

30 m resolution

Landsat 8 satellite image USGS/EROS (http://earth 
explo rer.usgs.gov/)

30 m resolution

Soil data MoWR The digital 
soil map 
prepared by 
the Ethiopian 
MoWR based 
on FAOUNE-
SCO–ISRIC soil 
classification 
system

Rainfall data Ethiopian Meteorological 
Agency

Station and grid 
rainfall data 
for a period of 
31 years

Land management/con-
servation support

Household level survey, 
key informant interviews 
field observation, google 
earth images, SAS planet 
and literature review

Data on the 
state of the 
watershed 
such as kind 
of support 
practice, land 
use/cover, 
conservation 
strategies etc.

http://gdex.cr.usgs.gov/gdex/
http://gdex.cr.usgs.gov/gdex/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
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There are a wide variety of models used to estimate 
soil erosion over many years worldwide (Lal 2001; Mor-
gan 2005; Farhan and Nawaiseh 2015). These models can 
be physical-based, empirical, and conceptual (Brady and 
Weil 2012; Farhan and Nawaiseh 2015). The choice to 
apply these models depends on the availability of input 
data and type of information needed. With these in mind, 
The RUSLE model, which is the most widely applied 
empirical model, was adopted for this study. The essen-
tial supposition in the RUSLE model is that detachment 
and deposition are governed by the sediment load of the 
runoff. Soil erosion is limited by the transporting capac-
ity of the flow instead of lack of materials eroded from 
the sources. If the sediment load of runoff exceeds the 
transporting capacity of the flow, soil detachment can no 
longer take place (Ganasri and Ramesh 2016).

There have been a number of studies published that 
apply RUSLE model to estimate and predict soil loss 
rate worldwide (Prasannakumar et al. 2012; Farhan et al. 
2013; Ganasri and Ramesh 2016). This model, coupled 
with GIS and RS, has also been widely applied and tested 
by many researchers to estimate soil erosion potentials 
in the highlands of Ethiopian (e.g. Meshesha et al. 2012; 
Haregeweyn et al. 2013; Gelagay and Minale 2016; Fenta 
et al. 2016; Woldemariam et al. 2017; Haregeweyn et al. 
2017). These studies supported the existing literature that 
indicates the efficacy of RUSLE model to adequately esti-
mate soil loss rate in a wide range of environments.

However, the model only addresses rill and inter-rill 
erosion induced by the impacts of raindrops and surface 
runoff without accounting for other forms of erosion 
such as gully development and sliding of lands (Renard 
et  al. 1997). Moreover, RUSLE model has the tendency 
to overestimate soil loss for a higher range of slopes and 
heterogeneous landscapes (Renard et al. 1991).

Nevertheless, due to complete absence of the required 
data (e.g. sediment deposition and shorter interval rain-
fall intensity data), to select other data intensive models, 
RUSLE model was still adopted to be applied for inves-
tigating the amount of mean annual soil loss within the 
study watershed. Some of the reasons for the selection 
the model include its less data requirements, free and 
readily availability of the required of data sets; its rela-
tive simplicity to apply and its compatibility with remote 
sensing and GIS inputs in computer interface (Farhan 
and Nawaiseh 2015). Moreover, most of the input param-
eters of the model are calibrated for the Ethiopian con-
text (Hurni 1985). Most importantly, although many 
researchers employed RUSLE models to assess rate and 
patterns of soil loss in other parts of the Ethiopian high-
lands (e.g. Gelagay 2016; Tamene et al. 2017); this model 
was probably used for the first time to assess soil loss 
rate in a GIS framework in the Gedalas watershed of the 
Beshillo Catchment.

RUSLE model structure and parameters description
To estimate annual mean soil erosion caused by rainfall, 
and identify the spatial pattern of the potential soil loss 
risks in the watershed, RUSLE model erosion input fac-
tors were structured in raster format of five multiplicative 
Eq. (1) (Renard et al. 1997) and given as follows:

where A = average annual soil loss per unit of area 
(ton  ha−1  year−1); R = the rainfall erosivity factor 
[MJ  mm,  (ha−1  h−1  year−1)]; derived from daily pre-
cipitation data; K = the soil erodibility factor [ton  ha−1 
h  MJ−1  ha−1  mm−1)]; derived from information on soil 
types; LS = topographic factor, i.e., length of the slope 
and percent of the slope steepness (dimensionless), 
respectively; derived from a DEM; C = the land cover 

(1)A = R ∗ K ∗ LS ∗ C ∗ P

Fig. 6 The overall sequential step used employed to estimate soil loss by RUSLE model
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and management factor (dimensionless); derived from 
LULC classification of satellite image data; and P = the 
conservation support factor, which accounts for soil ero-
sion control measures (dimensionless) derived from field 
observation and literature.

Rainfall erosivity factor (R)
Rainfall erosivity (R) is the power of rain to induce soil 
erosion. In this study, it represents the power of an aver-
age annual value of precipitation to cause soil erosion (Lal 
1990; Farhan and Nawaiseh 2015, Tamene et  al. 2017). 
The R factor is a complex process potentially affected by 
the amount, duration, intensity, energy and size of rain 
drops and pattern of rainfall and rate of the resulting run-
off (Farhan and Nawaiseh 2015). This factor is considered 
as the most influential for soil erosion in different studies 
(Wischmeier and Smith 1978). Rainfall erosivity can be 
derived from rainfall intensity for the particular period of 
the area considered (Kouli et al. 2009; Renard et al. 1997). 
However, such data are not readily available at many 
meteorological stations, including the study area, due to 
absence of automatic rain gauges. For this reason, R fac-
tor was estimated from the long-term mean annual pre-
cipitation values of the watershed (Renard et al. 1997).

In this study, the rainfall erosivity factor of the water-
shed was generated based on both observed average 
annual precipitation (mm) data (Converted from daily 
average) recorded by Amba Mariam rainfall station and 
gridded rainfall data. As noted by Panagos et al. (2015), 
since annual rainfall erosivity significantly fluctuates, at 
least 15 years of data are mandatory to attain representa-
tive estimates of rainfall erosivity. Moreover, the altitude 
of the watershed extends from 1919 to 4233 m a.s.l. This 
may cause variations in spatial and temporal distribu-
tions of the prevailing rainfall in the watershed. With this 
in mind, and to adequately represent rainfall characteris-
tics of the entire watershed, more than 30 years of 10 sites 
(from within and around the watershed) reconstructed 
gridded rainfall data series were used in conjunction with 
rainfall data from Amba Mariam meteorological station. 
Similar approaches were employed by Asfaw et al. (2018). 
The reconstructed gridded data with spatial resolution 
of 10 × 10  km and temporal resolution of 10  days were 
obtained from NMA of Ethiopian. Since gauge weather 
stations are limited in number and distribution, the 
reconstructed gridded data were used for this study. As 
noted by Mengistu et  al. (2013), there is a strong asso-
ciation (r = 0.8) between the station based observed and 
reconstructed gridded data. Hence, filling the gap with 
reconstructed data for this study where there is a paucity 
of meteorological stations is reasonably appropriate.

The daily rainfall data from the identified grid sites 
and the Amba Mariam station was first summed to get 

annual rainfall amounts and annual mean rainfall was 
generated for each station for the years considered. Then, 
the R factor value was calculated following the readily 
available regression equation developed by Hurni (1985) 
to estimate rainfall erosivity for the Ethiopian highlands 
(Eq. 2)

where, R refers to the rainfall erosivity factor while P 
denotes to the mean annual Precipitation (mm).

Finally, the annual rainfall amounts were spatially 
interpolated using an inverse distance weighting (IDW) 
interpolation techniques and erosivity raster map was 
prepared for the whole watershed with the aid of Arc-
GIS 10.3 software. IDW interpolation techniques has 
been preferred as geo-statistical spatial interpolation 
methods because it is easy to generate relatively accu-
rate rainfall erosivity information from known sample 
points to the points of unknown values at a closer dis-
tance than those located far. Moreover, it is favored with 
the assumption that it enables quick interpolation of the 
required data from grid based irregularly spaced sam-
ples (Li and Heap 2008). The R value ranged from 513 
to 519 MJ mm ha−1 h−1  year−1. A similar approach was 
adopted to compute the R factor in Ethiopia (Bewket 
and Teferi 2009; Abate 2011). Figure  7 shows the rain-
fall erosivity values and spatial distributions across the 
watershed.

Soil erodibility factor (K)
Soil erodibility is the inherent aspect of soil properties 
reflecting the vulnerability of a soil to erode, as influ-
enced by the biophysical and chemical characteristics of 
the soil (Renard et al. 1997; Farhan and Nawaiseh 2015; 
Panagos et al. 2015; Fenta et al. 2016). There are different 
approaches developed by scholars to determine soil erod-
ibility factors (Romkens et  al. 1997). However, the type 
of data available in the study area governs the choice of 
the approaches. Due to paucity of data, only soil colors 
and stone covers were selected to determine K factor val-
ues for this study as recommended by Hurni (1985) for 
Ethiopian conditions. The soil units map of the watershed 
was extract from the digital soil map of the master plan of 
Blue Nile basin which was prepared by the then MoWR 
of Ethiopia (MoWR 1998). Then, four dominant soil 
units; namely, Leptosols, Regosols, Cambisols and Ver-
tisols were identified (Fig. 8) and delineated on the map 
of the watershed using ArcGIS 10.3 “Spatial Analyst” 
Geo processing tool. To validate the value of the K-factor, 
actual observation and field based soil sample color esti-
mation was carried out using a Munsell color chart.

Since stone covers reduce soil erodibility by a certain 
percent (Panagos et al. 2015), the role of stone cover on 

(2)R = − 8.12+ (0.562 ∗ P)



Page 8 of 21Yesuph and Dagnew  Environ Syst Res            (2019) 8:17 

the K-factor was incorporated in the K factor estima-
tion. As observed from field survey and the author’s 
knowledge of the area, most surfaces of soil units of the 

watershed are interspersed with stone contents which 
are protection against soil erosion by water (Poesen et al. 
1994). Accordingly, 40%, abundant of surface rock frag-
ments and corresponding 0.80 erodibility values was 
assumed for all soil units (Fenta et al. 2016). Estimation 
of surface rock fragments of each soil unit was conducted 
during a transect walk based on FAO guidelines for soil 
description (FAO 2006). Finally, K factor values of the 
dominant color were assigned to each soil units and the 
soil erodibility (K) map of the watershed having a grid 
size of 30 m was produced.

The K value varies from 0 to 1, where the former sug-
gest less and the later imply high susceptibility to erosion 
risk, respectively (Farhan and Nawaiseh 2015). The soil 
erodibility map is shown in Fig. 7.

Topographic factor (LS)
Local topographic factor is the most susceptible param-
eter of RUSLE in the soil loss estimation (Renard et  al. 
1997). The LS factor describes the combined effects of 
slope length (L) and slope gradient (S), which strongly 
controls the transport of soil particles. LS represent 
the proportion of soil loss per unit area on a site to the 
corresponding loss from a 22.13  m long plot with a 9% 

Fig. 7 spatial distributions of LS, K, C, P and R factor on the Gedalas watershed, 2018

Fig. 8 Dominant soils types of the watershed
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slope gradient under otherwise identical conditions. The 
LS factor increased with slope length and slope gradi-
ent. S-factor signifies the gradient that controls the flow 
velocity. The steeper the slope of the land the higher will 
be the speed and erosive power of runoff (Wischmeier 
and Smith 1978; Renard et al. 1997).

Wischmeier and Smith (1978) and Renard et al. (1997) 
defined slope length as “the horizontal distance from the 
origin of overland flow to the point where either the slope 
gradient decreases to a point at which deposition begins or 
runoff becomes concentrated in a defined channel”.

The amount of cumulative runoff increases with slope 
length. This is because the volume of runoff becomes 
more and more as it proceeds to the lower slope due to 
flow received from positions immediately upslope of 
the point and the flow generated within the point itself 
(Renard et al. 1997). L-factor was computed by dividing 
the contribution area by the width over which flow can 
pass within a grid cell (Oliveira et al. 2013).

Since manual Field measurement and determination of 
slope in a complex topography is difficult, if not impos-
sible, DEMs were used to drive L and S parameters as 
suggested by Moore and Burch (1986), Dikau (1989), 
Mitasova and Mitas (1999), and Simms et  al. (2003). 
Despite lots of methods are available for estimation of LS 
factor in the literature, the equations proposed by Moore 
and Wilson (1992) were adopted for this study to extract 
LS factor values from a 30 m resolution SRTM DEM data 
using map algebra expression of Arc GIS raster calculator 
as shown in Eq. (3). This equation was selected as it has 
been widely used and tested in several studies in Ethiopia 
context (e.g. Fenta et al. 2016).

(3)LS =

(

βχ

22.13

)0.5

×

(

sin (θ)

0.0896

)1.3

where, β is flow accumulation, χ is grid cell size (30  m 
was employed in this study), 22.13 is the RUSLE standard 
plot length; 0.5 is the exponent of slope length; θ is slope 
in degrees (i.e. Slope of DEM × 0.01745).

A step wise procedure was followed to generate LS fac-
tor map using the hydrology extension spatial analyst tool 
of the Arc GIS. Since the topography of the study water-
shed is generally dominated by steep slope areas, a limit 
was set for maximum slope in order to avoid excessively 
high slopes perforating into the model. Steps followed in 
generating LS factors and LS map is shown in Figs. 7 and 
9, respectively.

Land cover and management factor (C factors)
The C-factor illustrates how different LULC types (such 
as cropland, forest, grassland, etc.) affect soil loss rates 
(Renard et al. 1997). Estimation of the C factor values in 
the RUSLE model requires data related to soil manage-
ment status, the role of plant canopy and crop residues as 
a soil cover, soil surface roughness, and soil moisture sta-
tus. However, the evaluation of each of this parameter is 
difficult due to many possible combinations and scarcity 
of data (Renard et al. 1997; Farhan and Nawaiseh 2015).

To assign C factor value of this study, the Land sat-
based LULC classes created in 2017 for the watershed 
was employed (Fig.  10 and Table  2). For this end, the 
watershed was categorized into the required LULC 
classes and the C-factor values were determined from 
these LULC maps of the watershed. Then, the raster map 
was converted to vector format to assign the correspond-
ing C factor value of each land use/cover class based on 
available literature recommendations in the Highlands 
of Ethiopian (Tables 1, 3, 4). C factor map is depicted in 
Fig. 7.   

Fig. 9 Steps followed in generating LS factors in ArcGIS software
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Support practice (P) factor
Support practice (P) factor refers to “the ratio of soil loss 
with a specific support practice to the corresponding loss 
with up and down slope tillage” (Wischmeier and Smith 
1978; Renard et al. 1997). The P-factor refers to different 
land use management practices that trim down the ero-
sion potential of runoff concentration, runoff velocity 

and forces that exerted on the surface of soil (Renard 
et al. 1997; Panagos et al. 2015). Of all the erosion factors, 
values for P are the least reliable (Renard et al. 1991). This 
is due to the difficulty in identifying its characteristics in 
the field.

Google earth, SAS planet software (used to look at high 
resolution satellite image) and field observations were 
used in order to investigate the support practice factor 
(P) available in the watershed. Soil/stone bunds (level/
graded), stone faced soil bunds, hillside terraces stabi-
lized and reinforced with tree planting, trenches, diver-
sion ditches, cut-off drains and waterways, stone check 
dams and gully rehabilitation, establishment of area 
closure and to a limited extent afforestation and reveg-
etation of degraded and fragile hillside areas have been 
implement in the watershed. Though it was not wide-
spread, indigenous soil conservation measures such 
as grass strips (locally known as Weber) and drainage 
ditches (to safely guides runoff off-farmlands) have been 
practiced by some farmers in the watershed.

However, it was witnessed that though sustainable land 
management program target sites have properly installed 
SWC structures, the largest segment of the watershed 
have either poorly designed or totally destroyed support 
measures. Moreover, as it was observed from the field 
visits in the watershed, most of conservation structures 
were widely spaced against technical recommendation 
and there was no proper maintenance carried out on the 
previously established structures. Even degraded hillsides 
which were once restored through project support, cur-
rently exposed to degradation due to poor management 
activities and limited active involvement of farmers and 
their related institutions in the management process. 
Therefore, it is not logical to use these support factors as 
an input data in evaluating soil loss rate in the watershed.

Hence, the watershed was categorized into agricultural 
land and other LULC types as suggested by Wischmeier 
and Smith (1978). Since land management activities are 
highly dependent on slope classes, agricultural lands 
were again categorized into six slope classes (Table 5) and 
for each respective slope class p-values were assigned 
(Wischmeier and Smith 1978). While for the other LULC 
classes in the watershed, a uniform default value of 1 was 

Fig. 10 Land use and land cover map of Gedalas watershed

Table 2 Area cover of  the  land use/cover classes 
of the watershed at different periods of time

Land use/cover type 2017

Area (ha) % of total

Afro/sub afro alpine vegetation 513 4.66

Bare lands 613 2.56

Farmlands/settlements 12,815 53.46

Grasslands 3040 12.68

Shrub/bush lands 3010 12.56

Water courses/beds 91 0.38

Woodlands/plantations 888 0.70

Total 23,970 100.00

Table 3 Soil units, colors and their corresponding K factor value Source: Modified from Hurni (1985), Fenta et al. (2016), 
Gelagay and Minale (2016)

Dominant soil types Landform facet Dominant soil color K value

Lithic Leptosols Sloping land, crests and ridges, and rock outcrops Brown or yellowish (7.5YR 4/3) 0.25

Eutric Cambisols Undulating plains and plateaux Very dark gray (10YR 3/1) 0.2

Eutric Vertisols Flat to almost flat topography Very dark grayish brown (10YR 3/2) 0.15

Eutric Regosols Rolling plains, side slopes and dissected plateau Very dark brown (10YR 2/2) 0.15
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assigned for the (P) factor regardless of the slope class 
they have as recommended by previous scholars who 
carried out comparable research in the Ethiopian high-
lands (Abate 2011; Bewket and Teferi 2009; Gelagay and 
Minale 2016; Gashaw et al. 2017).

The ArcGIS processing tool was employed to generate 
the thematic map. The values of P factor range from 0 to 
1 and lower value indicates relatively better soil erosion 
control measures. The P value was assigned based on 
literatures and the previous empirical values adapted to 
Ethiopian condition (Table 6). P factor map is portrayed 
in Fig. 7.

Approaches for validation of model results
Due to lack of previous case studies specific to the study 
area, the validity of the model outputs was compared 
with numerical data outputs of similar studies over 
Ethiopian highlands. Qualitative approach such as use 
of perception of local communities on soil erosion sta-
tus was used. To help farmers better explain the severity 
and onsite soil loss occurrence, the appraisal was carried 
out during the rainy season of the year (Diwediga et  al. 
2018). In addition, selective field observations were car-
ried out to identify most erosion prone areas. In support-
ing these processes, the color printed model output soil 
erosion severity map was taken in the field to check it on 

the ground and compare the model result with commu-
nity perception.

Data analysis techniques
To identify the contribution of each parameter in RUSLE 
model, each factor was calculated as a specific thematic 
layer on the cell by cell bases (Millward and Mersey 
1999). Since both the Landsat images and the DEM used 
in this study had 30 m spatial resolution, all the required 
data layers were co-registered to a common pixel resolu-
tion and datum. After completing data input procedures 
and arranging each information layer, the mean annual 
soil loss was calculated by multiplying each factor layers 
together according to the RUSLE formula (Eq.  1) using 
the raster calculator of map algebra functions and associ-
ated packages in a GIS framework.

Then, the estimated annual mean soil loss rates were 
displayed in map showing spatial distributions of ero-
sion risk for the watershed and details of statistical soil 
erosion intensity classes and ranges of soil loss rates 
were identified and categorized following the FAO soil 
description guidelines (FAO 2006) and expertise judg-
ment, with some modification to suit the local condi-
tion of the watershed as depicted in Table 6. Finally, the 
spatial differences in rate of soil erosion in relation to 
corresponding LULC categories, slope classes and agro 
ecologies were evaluated by using the zonal statistics 

Table 4 Adopted values of RUSLE C-factors for different land use/cover in the Ethiopian highlands Source: Compiled by 
the Author, 2017

Land-use/cover type Cover factor (C) References

Cultivated land (cereals, pulses) 0.15 Hurni (1985), Bewket and Teferi (2009)

Afro/sub afro-alpine 0.01 Bewket and Teferi (2009)

Bush/shrub 0.05 Tamene et al. (2014), Haregeweyn et al. (2013)

Open woodland/plantation forest 0.06 Eweg and van Lammeren (1996)

Bare land/soil 1 Eweg et al. (1998), Hurni (1985)

Grassland/grazing land 0.05 Hurni (1985), Bewket and Teferi (2009);

Water courses and beds 1

Table 5 Land management factor (P) values suggested by Wischmeier and Smith (1978) Source: Author’s analysis, 2018

Land use Slope category (%) P factors References

Cultivated land 0–5 0.10  Wischmeier and Smith (1978), Hurni (1985), Bewket and Teferi (2009), Gelagay and Minale 
(2016)5–10 0.12

10–20 0.14

20–30 0.19

30–50 0.25

50–100 0.33

Other land use All 1
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function of the spatial analyst tools in ArcGIS software 
and the results were supplemented by local community 
perceptions (Fig. 6).

Results and discussion
Estimation of annual soil loss in Gedalas watershed
The computed annual values of soil loss of the water-
shed ranged from 0 in plain areas to well over 150 
t ha−1 year−1. In the lower reach degraded sloping areas, 
banks of streams and at the specific spots of steep slopes 
of the watershed soil loss rate exceed 935 t  ha−1  year−1 
(for a visual comparison of results, see Fig.  11). The 
annual mean soil loss value for the watershed was around 
37 t ha−1 year−1, whereas 51 t ha−1 year−1 was found on 
the croplands, which comprises the largest quantity of 
annual mean soil loss in the watershed.

These are comparable to the loss of around 4  mm1 of 
depth of topsoil per year (Hurni 1983). The overall aver-
age soil loss rates of the watershed are higher as com-
pared to soil formation rate for the various land units of 
Ethiopia, which ranges from 2 to 22 t h−1 year−1 (Hurni 
1983). If we compared the estimated soil loss result to 
the limits of soil loss tolerance2 suggested by Rose (1994) 
(10  t  ha−1  year−1 for tropical region) and Hurni (1986) 
2–18 t  ha−1  year−1 for the various agro-ecological belts 
of Ethiopia and 10  t  ha−1  year−1 to the northern high-
lands of Ethiopia, it is still higher despite conservation 
efforts through an integrated watershed management 
approach in place. Moreover, as per the recommenda-
tion of Morgan (1995), annual soil loss threshold for the 
sustainable agricultural lands use is 10 ton ha−1. Accord-
ing to Kouli et al. (2009), any soil loss rate which exceeds 
10 t ha−1 year−1 will not be reversed in a time span of 50 
to 100 years. Considering this threshold, the total area 
with a soil erosion risk higher than the soil loss tolerance 
was 6256  ha (Table  6 and Fig.  11), comprising 26.1% of 
the entire watershed area (Table 6)

However, it should be noted that the judgment of what 
level is tolerable depends on the local situation and in 
particular the type and depth of soil, the rate of soil for-
mation, land use/cover status, topography and amount, 
intensity and duration of rainfall (Foster et al. 2002).

The estimated soil loss values and its spatial distribu-
tion in the watershed is generally reasonable, compared 
to what can be seen in the field and weighed against 
similar studies reported by FAO (1986) in the central and 
northern highlands (35 t ha−1 year−1) and SCRP (1996) in 
the South Wollo Zone (35 t ha−1 year−1).

Contrary to this finding, other similar studies under-
taken in different parts of the highlands of the country 
reported a relatively higher average soil loss rates. For 
instance, the computed result of this study was lower 
than the mean soil loss rate of 243 t  ha−1  year−1 by 
Gete (2000) in northwestern highlands of Ethiopia; 93 
t ha−1 year−1 by Bewket and Teferi (2009) in the Chem-
oga watershed; 84 t  ha−1  year−1 by Yihenew and Yihe-
new (2013) in Northwestern Ethiopia; 47.4 t ha−1 year−1 
by Gelagay and Minale (2016) in the Koga watershed; 45 
t ha−1 year−1 by Wolka et al. (2015) in parts of Ethiopian 
rift valley, and from 0.2 to 321 t  ha−1  year−1 by Amare 
(2007) in the eastern escarpment of Wollo. Plot level 
experiments conducted in different SCRP stations at var-
ious spatial and temporal scales also showed differences 
in soil loss rates (e.g. at Andit tid 87–212 t  ha−1  year−1 
(1983–1992); at Anjeni 131–170 t  ha−1  year−1 (1985 to 
1993).

The above report highlights that though soil erosion 
endangers the soils in the Ethiopian highlands, the quan-
titative soil loss estimation is still uncertain and incon-
sistent. Nonetheless, it is imperative to note that all the 
above quantitative information pointed to general soil 
erosion problems in the highlands of Ethiopia in general 
and the study watershed in particular.

Table 6 Annual soil erosion rates, magnitude and area coverage

a This classification was made based on soil erosion literature on the Blue Nile Basin (e.g. Haregeweyn et al. 2017)

Soil loss rates (t 
 ha−1  year−1)a

Severity  classesa Area (ha) Percent of total Estimated annual 
loss (ton)

Percent of total Priority class 
for conservation

< 5 Very slight 10,290 42.9 88,318.08 7.1 5th

5 to 15 Slight 7424 31 364,781.6 29.3 4th

15 to 30 Moderate 2707 11.3 317,712.3 25.5 3rd

30 to 50 Severe 1701 7.1 325,624.3 26.2 2nd

> 50 Very sever 1848 7.7 147,137.2 11.8 1st

Total 23,970 100  1,243,574 100

1 Hurni (1983) stated that “1 ton annual soil loss per ha is equivalent to loss of 
0.12 mm soil depth in the area”.
2 As defined by Renard et al. (1997), “the extent to which soil loss can be 
tolerated”.
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The possible causes of disparities in estimates could 
be differences in time and assessment scales, variations 
in input data, lack of correspondence in the methods 
adopted combined with the high heterogeneity of the 
environment in which the studies carried out. In this 
respect, Haregeweyn et al. (2015) reviewed that variation 
in mean annual rainfall and its associated erosive power 
was found to explain more than one-third (35%) of the 
soil loss variations.

Spatial variation of annual soil loss in Gedalas watershed
As demonstrated in Table 6, the spatial patterns of annual 
average soil loss distribution were grouped into five ero-
sion intensity classes. The study revealed that 42.9% of 
the watershed experiences very slight rates of soil ero-
sion, whereas areas affected by slight and moderate 

rates of soil loss encompass 31% and 11.3% respectively. 
In total, areas affected by severe and very sever soil 
loss rates covers approximately 14.8% of the watershed 
(Table 6). This implies that most of the total soil loss was 
generated from the small areas which experiences high 
erosion rates (Fig. 11)

From the from the spatial patterns of soil erosion 
hazard map (Fig. 11), it is evident that nearly the whole 
watershed areas require implementation of one sort or 
more of SWC measures to ensure sustainability of land 
use. However, in the southwestern areas of the water-
shed, the extent of soil loss is relatively lower than the 
northeastern parts. This could be due to the fact that the 
southwestern part of the watershed was pilot sites of Sus-
tainable Land Management (SLM) Projects and hence 
there are different conservation interventions such as 

Fig. 11 Map depicting spatial variation of soil erosion loss in Gedalas watershed
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area closure, terrace, grass strip management and con-
trolled grazing, among others. Moreover, this part of the 
watershed is situated in mountainous regions of Afro/
sub Afro alpine areas. Thus, it is relatively far away from 
direct and significant impact of accelerated soil erosion. 
Nevertheless, it ought to be noted that since this part of 
the watershed is characterized by highly elevated, steep 
slope and rugged topographic areas, the actual soil loss 
rates may be underestimated as RUSLE model cannot 
predict soil loss from caused by gravity flow.

Most of the current soil erosion risk areas are spatially 
confined in the steep slope Northeastern parts of the 
watershed. It is believed that this part of the watershed 
is primarily characterized by shallow soils, Steep slopes, 
and sparse vegetation covers. Moreover, unsustainable 
land management practices on sloping lands have accel-
erated the magnitude of soil erosion. During the field 
visit, this part of the watershed comparatively exhibited 
low level of SWC structures and removal of the vegeta-
tion cover.

Therefore, it should be realized that these parts of the 
watershed needs urgent and prioritized intervention with 
appropriate SWC measures by the local governments. In 
fact, as observed from the field survey and information 
obtained from local informants, there were long aged 
attempts to delineate and put aside steep slope areas in 
this part of the watershed as enclosures. However, sus-
taining the positive achievements in controlling soil ero-
sion is still a major challenge in the area.

Soil erosion along slope classes of the watershed
As noted above, slope angle and slope length are the two 
main factors which significantly influence soil erosion 
rates in the study area. As expected, areas with steep 
slope topography have much more soil erosion rates 
than areas with gentle slopes. The results clearly dem-
onstrate that almost 2/3rd of the watershed area (70.6%) 
situated on the sloping terrain. When viewed from slopes 
perspective, the spatial distribution of soil loss rates 
increases linearly with increasing slope gradient across 
the watershed (Table 7). The watershed areas with slope 
gradients higher than 60% experiences soil loss rates 
ranging from 91 to 935 ton  ha−1  year−1. This implies that 
slope plays significant role in accelerating soil erosion 
rates in the area and hence a reduction in slope length 
through various SWC structures should be a concern of 
priority. In agreement with the model estimated outputs, 
local community perceptions and evaluation also indi-
cate the occurrence soil erosion primarily on steep slopes 
areas all over the watershed suggesting the need for com-
prehensive SWC measures in accordance to slope classes.

Soil erosion across agro ecology in Gedalas watershed
As depicted in Table 8, the spatial distribution of soil loss 
values varied across agro-ecologies of the watershed, 
regardless of land use/cover types and slope classes, with 
greater loss per unit area occurring from Weyna Dega 
compared with Wurch and Dega Areas. Although the 
observed contribution to total proportion of land area is 
higher in Wurch zone (48.7%) and Dega zone (44.6%) as 
compared with Weyna Dega (6.7%), the highest soil loss 
per unit area (total soil loss to plot area ratio) is occur-
ring in the steep slopes part of the watershed suggest-
ing the need for targeted SWC measures and treatment 
of degraded landscapes. The possible explanation for the 
incidence of high rate of soil loss in the Weyna Dega area 
is the prevalence of steeper slopes along with farming on 
marginal lands which is not conducive for agriculture 
(Table 9). 

It is apparent that the Wurch zone of the watershed 
shows the relatively low erosion rate relative to its total 
areas. This could be most likely attributed to presence 
of SLM pilot project working on the rehabilitation of 
degraded lands. A relatively lower soil loss in this zone 
also implies that project supported SWC activity play a 
vital role in controlling soil erosion in the watershed.

Table 7 Annual values of soil loss for various slope classes 
of the watershed

Slope classes (%) Area Estimated annual loss

ha % ton year−1 Contribution 
to total soil loss 
(%)

0–5 1094 4.6 5436 0.4

5–10 1426 5.9 28,447 2.3

10–15 2790 11.6 62,578 5.0

15–30 3161 13.2 314,371 25.3

30–60 6667 27.8 411,632 33.1

> 60 8832 36.8 421,110 33.9

Total 23,970 100.0 1,243,574 100.0

Table 8 Variations of soil erosion by agro ecology

Agro ecology Area Estimated annual 
loss

(ha) % Contribution

t/year (%)

Weyna Dega (< 2300 m) 1614 6.7 194,957 15.7

Dega (2300–3200 m) 10,682 44.6 707,941 56.9

Wurch (> 3200 m) 11,674 48.7 340,676 27.4

Total 23,970 100 1,243,574 100
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Soil erosion across LULC categories
This study reveals considerable effects of LULC class on 
the extent of soil erosion in the watershed. According 
to RUSLE model, results estimated soil losses by water 
erosion were highest for croplands followed by graz-
ing lands of the watershed. Higher soil loss in cropland 
is likely caused by cultivation on steep slopes, intensive 
plowing and mono cropping practices while high soil 
losses in grazing lands are associated with intensive graz-
ing which results in removal of vegetation cover and soil 
compaction caused by trampling of livestock. This result, 
however, contradicts with the plot level finding of Nys-
sen et al. (2009) who documented higher soil erosion val-
ues for grazing lands as compared to that of croplands in 
Tigray.

The differences may be due to variations in the prevail-
ing environmental conditions (slopes, vegetation compo-
sition, climate, soil characteristics, and land management 
practices) and adoption of different modeling approaches 
by the researchers while calculating C-factor values in 
their specific study areas. It is evident from the result that 
the pattern of onsite soil erosion is associated with poor 
land management activities and suggests the need for 
promoting SLM practices in the watershed.

Farmers’ perception of soil erosion damage 
in the watershed
There is an overall consensus that the model based esti-
mation of soil erosion output could be ascertained by 
integrating local knowledge and perceptions of soil ero-
sion problems. It has been also realized that understand-
ing local perceptions and knowledge of soil erosion are 
vital entry points to make informed decisions on SLM 
practices (Amsalu and de Graaff 2006; Weldemariam 
et  al. 2013). In this line, Heberlein (1972) stated that at 
the point when local communities comprehend that their 
physical environment is deteriorating and felt personally 

responsible for these outcomes, they will endeavor to 
control land degradation inducing actions and will show 
more interest to support land management programs.

With this in mind, farmer’s perceptions of soil erosion 
incidence, levels, indicators and impacts were assessed 
across the three agro ecologies of the watershed. As 
shown in Table 10, over 98% of the farmers participating 
in the survey were aware of soil erosion problems—95% 
in Wurch, 100% in Dega, and 100% in Weyna Dega. Fur-
ther discussions with the local community revealed that 
the incidence of soil erosion damage was critical during 
the onset of rainy season and at times of seedbed prepa-
ration where the soil is bare and loose. Moreover, during 
field observation, rill erosions and rock exposures were 
intensively visible on the arable plots and its environs 
suggesting the severity of soil erosion in the watershed 
though different attempts were/are in place to address 
problem. The result is comparable with the findings of 
other similar studies conducted elsewhere in the high-
lands of Ethiopia (e.g. Amsalu and de Graaff 2006).

Concerning the level of the soil erosion problem, over 
half of those respondents (59% of total) who perceived 
soil erosion as a problem rated it as severe, 26% rated 
it as moderate while the remaining 10% and 5% rated it 
as minor and difficult to estimate respectively. Though 
farmers were not capable of quantitatively estimate level 
of soil loss per unit area, it is clear from the data that all 
of them acknowledged the existence and level of soil ero-
sion in their localities. However, there is a minor differ-
ence as observed across agro ecologies. The majority of 
farmers residing in Weyna Dega and Dega areas recog-
nized the problems as more severe compared to Wurch 
areas. As reflected from local residents, the status of 
soil erosion in the Wurch agro ecology (upstream areas) 
seems relatively low. As already noted, this is most likely 
attributed to the SLM interventions since the late 2014 in 
the area (TWARDO 2017). This result is comparable to 

Table 9 Soil erosion by LULC types

LULC classes (2017) Area (ha) % of total Estimated annual loss

t/year Contribution 
(%)

Afro/sub afro alpine vegetation 3513 14.66 85,605 6.9

Bare lands 613 2.56 20,122 1.6

Farmlands/settlements 12,815 53.46 529,433 42.6

Grazing lands 3040 12.68 434,918 35.0

Shrub/bush lands 3010 12.56 59,036 4.7

Water courses/beds 91 0.38 50,114 4.0

Woodlands/plantations 888 3.7 64,346 5.2

Total 23,970 100 1,243,574 100
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computed erosion rates of the RUSLE model and to what 
can be seen in the plots. However, the results contradict 
with those of Bewket and Sterk (2003) and Tefera and 
Sterk (2010), who reported that “the perceived severity of 
soil erosion was location specific, that is, relatively higher 
in upstream areas and lower in downstream fields”.

Farmers were asked to point out the trend of soil ero-
sion over time in their localities. Results showed that the 
majority (68%) of farmers perceived an increasing trend 
of soil erosion while 9% and 23% of the respondents felt a 
decrease and no change over time respectively (Table 10). 
Those who reported that the problem was increasing 
were mainly from the Weyna Dega agro ecology where 
most of the area of the watershed lies on steep slopes. 
Responses in no change of soil erosion (40%) were prom-
inent in the middle portion of the watershed. This may 
be ascribed to the high proportion of moderately sloping 
land.

Farmers were asked to list soil erosion indicators which 
they observed in their localities and their croplands. The 
most frequently mentioned key indicators in almost all 
agro ecologies were reduced crop yield and performance 

(93%), the removal of seeds and seedlings (91%), decrease 
in soil depth (86%), increase in on farm stoniness and 
gradual rock exposure to the extent that prevent plow-
ing (79%), frequent damage of conservation structures 
(72%), changes of soil color (70%), development of visible 
rills on the bare soils (68%), field dissection and forma-
tion of gullies (64%), exposure of trees/crops roots (64%) 
and deposition of sediment on the lower section of the 
farm (63%) (Table 10). These perceptions of the commu-
nity were in line with soil erosion indicators in the liter-
ature (e.g. Lal 2001; Morgan 1995). However, there was 
slight variation from one site to another in the number 
of farmers appraising these indicators. For example, in 
some areas, notably in the Dega agro-ecology, develop-
ment of visible rills on farmlands after erosive rain was 
acknowledged as major indicators by the majority of the 
respondents. In contrast, a few farmers pointed out that 
field dissection, the formation of gullies, sediments depo-
sition and change in depth of surface soil as significant 
indicators of soil erosion (Additional file 1).

Moreover, though confined to limited areas, some 
key elderly informants reported the emergence of some 

Table 10 Farmers’ views of soil erosion prevalence, extent, trend and indicators (% of respondents) Sources: The author, 
2017

a Percentage does not add up to 100 as farmers have listed more than one indicator

Farmers’ perceived responses to W/Dega Dega Wurch Overall
(N = 76) (N = 194) (N = 114) (N = 384)

1. Erosion faced in the locality (%)

 A. Yes 100 100 95 98

 B. No 0 0 5 2

2. Soil erosion level (%)

 A. Severe 68 59 51 59

 B. Moderate 20 27 31 26

 C. Minor 9 8 13 10

 D. Difficult to estimate 3 6 5 5

3. Change of soil erosion over time (%)

 A. Increasing 91 57 56 68

 B. Decreasing 0 3 24 9

 C. No change 9 40 20 23

4. Indicators of soil erosion problems (%)a

 A. Field dissection and formation of gullies 77 42 73 64

 B. Development of visible rills on farmlands after erosive rain 54 89 62 68

 C. Deposition of sediment on the lower section of the farm after rainfall 71 56 62 63

 D. Decrease in soil depth 96 75 87 86

 E. The removal of seeds and seedlings 96 91 89 91

 F. Trees/crops root exposure 76 68 65 64

 G. Increase in stones cover and rock exposure 95 64 89 68

 H. Poor crop yield and vigor 94 89 96 93

 I. Damage of conservation structures 84 62 71 72

 J. Changes in surface soil color 43 27 57 70
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unusual plant species (e.g. quickly spreading weed spe-
cies) that signify the indicator of existence soil erosion 
problem in their specific sites. These impact indicators 
were further confirmed by the majority of focus group 
participants and even by local development agents.

An attempt was made to appraise the spatial distribu-
tion of the recognized indicators over the farm lands 
along different agro-ecologies. Results revealed that 
almost all the above listed indicators were observed in 
the entire watershed despite ongoing watershed develop-
ment program. The remarkable presences of all these soil 
erosion indicators imply that soil erosion is still the most 
serious form of land degradation in the watershed.

To gain further insight into the farmers’ awareness of 
erosion, they were interrogated to state the major causes 
that initiated soil erosion in their respective localities. 
Although some farmers held the belief that supernatural 
resentment is the cause for the occurrences of soil ero-
sion in their explanations, the majority of the respondents 
put emphasis on combinations of causes. For instance, 
topography of the area, intense rainfall, poor vegetation 
cover and destruction of conservation structures were 
the most commonly ascribed causes for the ongoing soil 
erosion problems in the watershed (Table  11). In this 
vein, a 79 years old key informant farmer from the Weyna 
Dega area of the watershed lamented his concerns about 
the problem of deforestation brought about by some 
farmers on the future fate of farming as follows:

Some individuals don’t care about their land on 
which their livelihood depends. They know that veg-
etation reduces soil erosion and improve soil fertility, 
but still they destroy vegetation covers as they are 
only interested to expand their farm land and get 
more produce’’. Another key informants from Wurch 
zone attributed soil erosion problems, mainly to 
“heavy rainfall and to frequent damage of conserva-
tion structures due to incorrect installation.

Though their percentages are relatively small, farmers 
also pointed out cultivation on steep slopes, the nature 
of the soil itself, over grazing and its associated impact 
as additional causes that facilitate soil erosion in their 
respective localities. In addition, a few (21%) farmers 
mainly from Dega and Wurch agro ecologies also men-
tioned that their croplands had become more vulnerable 
to erosion because of runoff from damaged conservation 
structures, roadside and culverts. In FGD, in all loca-
tions, farmers concurred that they had experienced these 
causes, although, most farmers emphasized steep slope 
as the principal causes of soil erosion (Table 12).

Furthermore, farmers were asked to list the possible 
effects of soil erosion and they mentioned; loss of fertile 
soil, declining soil fertility, loss of seeds, loss of chemi-
cal fertilizers, ever increasing fertilizer requirements. 
Surprisingly, farmers’ perception concurs with existing 
scientific literature (Lal 2001). However, the majority 
of farmers’ constantly associated soil erosion impact to 
decline in crop production. Most key informants and dis-
cussants bear similar sentiments about the impacts of soil 
erosion in the watershed. For instance, one key informant 
(farmer) residing in the Weyna-Dega area highlighted his 
perceived soil erosion impact indicators this way:

Formerly, my farmland was among good land, as 
it was growing everything. Recently, crop produc-
tion has been declining over time due to soil erosion. 
Whatever seed I sow productivity is too low, some-
times the crop leaves turn yellow and they finally 
die. The soil fertility status is poor now; it is becom-
ing shallow and stony. We are living by scratching 
such lands like a hen.

Finally, farmers were asked to recommend pos-
sible solutions and curative actions to the prevail-
ing soil erosion problems in their localities. The 
majority of respondents suggested more than one pos-
sible solutions including construction and maintenance 

Table 11 Farmers’ perceived causes for soil erosion (% of respondents) Sources: The author, 2017

a Percentage does not add up to 100 because of multiple responses

Causes of soil erosion (%)a Weyna Dega Dega Wurch Overall
(N = 76) (N = 194) (N = 114) (N = 384)

1. Erosive rains 79 89 77 82

2. Soils being erodible 17 13 19 16

3. Topography of the area 99 75 94 89

4. Decline in vegetation cover 100 100 100 100

5. Damaged conservation structures 89 77 73 80

6. Cultivation on steep slopes 30 23 34 29

7. Runoff from roadside drainage and culverts 5 35 23 21

8. Over grazing and impacts of cattle tracks 33 21 23 26
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of terraces, planting of fast growing economic trees, 
enclosed degraded hillsides until it rehabilitates, and 
implementation of proper cropping systems and other 
related land management practices. They further recom-
mended Strict follow up of government regulations and 
respecting local bylaws set out by the farmers themselves 
to deal with illegal interferences by humans and livestock 
to communal resources and enclosed areas.

The overall results of this empirical analysis provide 
clear evidence that though the depth of understanding 
varies due to differences in socioeconomic characteris-
tics among individuals, the majority of farmers have une-
quivocal and relatively inclusive sets of knowledge about 
prevailing soil erosion problems, indicators, causes, con-
sequences and even remedial actions and solutions to 
the problem in their localities across the agro-ecologies, 
implying that engaging farmers can provide accurate 
information in assessing land degradation-restoration 
dynamics at local scales. This awareness of soil erosion 
problems probably stems from the information they 
acquire through their networks, their own experiences 
and their exposure to the government awareness cam-
paigns. The result concurs with the findings of previous 
and contemporary similar research conducted elsewhere 
in Ethiopia (Bewket and Sterk 2003; Karltun et al. 2013; 
Gebremichael et  al. 2015; Meshesha and Abele 2016; 
Assefa and Hans-Rudolf 2016; Nigussie et al. 2016).

Conclusions
Water induced soil erosion is a serious environmental 
and socio-economic problem in the Gedalas watershed. 
Although much of the erosion in the watershed was 
undoubtedly initiated by human activities (cultivation 
on a steep slope), it is apparent the biophysical factors 
(topography, soil type, climate, vegetation) also greatly 
influence rate of soil erosion by water. This study not only 
quantified average annual soil loss value under current 

conditions in the watershed but also mapped the spa-
tial distribution of the risk of soil erosion using RUSLE 
model which is verified through local perceptions and 
field observations. The average annual soil loss value was 
found to be 37 t ha−1 year−1, which significantly exceeded 
the soil loss tolerances limits for Ethiopian highlands. 
Although, in most cases, very slight soil loss level tends 
to dominate, extreme and very extreme soil erosion is not 
uncommon for large parts of the watershed with poor 
vegetation cover, ineffective conservation practices, bare 
lands, steep slopes and mountainous areas.

The watershed map of soil erosion risk generated in this 
study provides reasonable estimations of annual soil loss 
in the Beshillo Catchment of the Blue Nile Basin, which is 
useful for implementing more efficient and effective SLM 
practices in general and planning soil conservation meas-
ures in particular. The study revealed that the lower and 
the top parts of the watershed, where cultivation on steep 
slopes has become the common practices, have the high-
est erosion prone areas.

The analysis also signifies that soil erosion rate esti-
mated on the watershed matches well with the com-
munity perceptions for the study watershed suggesting 
farmer’s broad knowledge to identify soil erosion prob-
lems, indicators, and causes for soil erosion in their local-
ity. Their perceptions fairly agree with those apparent in 
the soil erosion literatures. Therefore, tackling soil ero-
sion requires the integration of farmers’ knowledge and 
experience on their localities rather than prescribing 
solutions, which farmers may not view as feasible and 
important.

Finally, the study demonstrated that linking RUSLE 
with GIS and remote sensing data are vital approaches 
to better estimate soil loss values, identify and delineate 
erosion prone areas, and prioritize the areas for effective 
planning of sustainable land management based on ero-
sion severity levels in the watersheds. Nevertheless, it is 
imperative to remind that the estimated soil loss values 
might not be completely free from errors because of the 
inherent limitations of the model (Morgan 2005).

Limitations of study and the need for future 
research
The RUSLE model do not directly account for gully ero-
sion. Hence, for a more inclusive record of the erosion 
hazard, identification and measurement of gullies in the 
watershed should be carried out to improve the accuracy 
of soil loss estimation for better conservation practices, 
planning and management in the future. Moreover, sensi-
tivity analyses were not conducted to single out the most 
sensitive input parameters that guide selective and tar-
geted interventions (Diwediga et al. 2018).

Table 12 Rain fall erosivity of  sample sites used 
for interpolation

Site Easting Northing AVR RF R_erosivity

Gaya 517039 1211856 948.1944 524.7652778

Wortej 528381 1221417 950.3056 525.9517222

Washera 528315 1234605 948.8611 525.1399444

Yekosso 516907 1222538 945.6111 523.3134444

Yamed 528117 1244101 912.75 504.8455

Gimba 527879 1211066 971.5278 537.8786111

Tidgebeya 538789 1233349 980.2778 542.7961111

Guassa 506007 1210965 905.2778 500.6461111

Akesta 517335 1200151 943.6111 522.1894444

Ambamariam 517335 1232499 933.00 516.226
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In addition, further assessment of the soil loss impact 
on agricultural productivity and its impact on rural live-
lihoods should be carried out to establish the linkage 
between soil loss and unsustainable soil management 
practices. Moreover, since perceptions of community 
might be subjective, it could not fully appreciate the 
quantitative aspects of modeling outputs. These limita-
tions suggest the need for further studies to generate 
comprehensive evidences for proper decisions.

Additional file

Additional file 1. Plates indicating soil erosion severity.
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