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Abstract

Soil erosion is one of the major environmental threats in the northwestern Amhara Region of Ethiopia.
The objective of this study is to assess the spatial heterogeneity of soil erosion risk within the Gumara-
Maksegnit watershed (57.3 km?) using the Coordination of Information on the Environment (CORINE)
soil erosion assessment method to determine the most endangered areas. The model is simple and
robust and consists of six steps overlaying combinations of soil texture, depth, stoniness, climatic and
land-use/land-cover information with GIS support. The CORINE model was used to produce potential
and actual soil erosion maps. The potential soil erosion map consists of the erosion risk of the land
without considering current vegetation, but can be expanded to consider current land cover. The
potential soil erosion risk map showed that a small part of the watershed (6.63 %) had low risk, 17.92
% had moderate risk and a large part of the study area (75.45 %) had high potential erosion risk.
Meanwhile, the actual soil erosion risk map showed that a small part of the watershed (11.92 %) had
low risk, 20.85 % of the area had moderate risk, and a large part of the study area (67.23 %) had high
actual soil erosion risk. Low soil erosion risk areas were located in the southern part of the watershed,
high erosion risk areas were found in the northern, northwestern and eastern part of the watershed,
while moderately risky areas were randomly distributed throughout the watershed. Overall, the
CORINE model can play a role in soil and water conservation by identifying highly endangered areas.

© 2018 This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licen -
nc-nd/4.0/).
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1. Introduction

Soil erosion is a serious problem throughout the world due to its
adverse economic and environmental impacts [1]. In developing
countries, where agriculture is the main source of income and a
significant contributor to the economy, soil erosion poses a common
threat. In Ethiopia soil erosion by water contributes significantly to
food insecurity among rural households and poses a real threat to
the sustainability of existing subsistence agriculture by deteriorating
the amount of soil and its quality [2]-[5]. It not only diminishes the
quality of soil resources but also makes earning a living from the land
increasingly difficult. Reduced productivity of the soil affects outputs
such as crop yields derived from the renewable nutrient system
of the biosphere [6]. It also negatively impacts the natural water
storage capacity of the catchment areas of man-made reservoirs and
dams, the quality of surface water, aesthetic landscape beauty and
ecological balance in general [1], [6], [7].

Although losses of topsoil by erosion are widely considered to reduce
productivity, this has not been well quantified over a wide range of
soils [8]-[15]. Despite several significant trends revealed by plot-scale
erosion studies, there are obvious reasons why such studies may not
represent the general erosion processes on a basin or watershed
level. This may be due to the basin or watershed covers various agro-
ecology and geological conditions as well as a range of different
land management and topographic characteristics. The application
of computer based watershed models can help to save time and
money because of their ability to perform long-term simulations of
the effects of watershed processes and management activities on
erosion.

During the past decades, many models have been proposed for soil
erosion prediction [8], [16]-[20]. A number of models and approaches
such as Coordination of Information on the Environment (CORINE),
Universal Soil Loss Equation (USLE), Erosion Kinematic Wave Models,
and Discrete Dynamic Models (DDM) have been developed to assess
or predict soil erosion hazards [16], [18]. These empirical models
and other semi-quantitative approaches play an important role in
environmental risk assessment across the globe because of their
simple structure and ease of application [21].

To determine the erosion risks and quality of lands in the countries
of the European Union (EU), the CORINE model was developed
from the Universal Soil Loss Equation (USLE), which is a well-known
methodology in soil erosion prediction [21]-[27]. It is an empirical
model which can predict soil erosion in a spatially explicit manner.
CORINE involves designing and overlaying several layers of thematic
maps, and it can present the spatial heterogeneity of soil erosion
risk within a GIS environment [28], [29]. It also has the advantage of
having a simple structure and is easy to apply with GIS. CORINE is
being widely applied by European and Mediterranean countries for
soil erosion risk assessment, and has correctly identified areas which
have the highest susceptibility to erosion [21], [26]-[28], [30]-[32].
To estimate actual erosion risk in the CORINE model, the required
input databases are soil erodibility, rainfall erosivity, topography
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(slope), and land use/cover (vegetation cover). The objective of the
present research is to assess the spatial heterogeneity of soil erosion
risk and identify erosion hotspot areas, aiming to counteract ongoing
land degradation using experimentally proven Soil and Water
Conservation (SWC) interventions.

2. Materials and Methods
2.1 Description of the Study Watershed

The study area is the Gumara-Maksegnit watershed which is located
in the southern part of the Amhara Region, Ethiopia. The watershed
is in the north of the Gondar province and is located about 45 km
southwest of Gondar town. The geographical location is between
12° 23' 53" to 12° 30' 49" latitude and 37° 33" 39" to 37° 37" 14"
longitude (Figure 1).

This mountainous agricultural watershed, which covers an area of
53.7 km? is one of the most severely eroded parts of the Ethiopian
highlands [33]. The study watershed has a very rugged mountainous
topography, with an average slope of 22.1 % and most the study
watershed (more than 90 % of the area) is composed of gullies and
ridges. The elevations of the watershed range from 1920 m to 2850 m
above sea level [33]. The area’s geology is dominated by Trapp series
of Tertiary volcanic eruptions [33]. The soil types of the watershed
are classified as Cambisols and Leptosols, which cover the upper
and central parts of the area, and as Vertisols in the lower parts of
the watershed near the outlet. There are five different soil textural
classes within the Gumara-Maksegnit watershed, namely: sandy clay
loam, sandy loam, clay loam, loam, and clay [33]. The land use types
of the watershed are mainly agricultural land (63.5 %) followed by
mixed forest (24.3 %) and grazing land (12.2 %) [34]. The study area is
characterized by a bi-modal rainfall distribution with an annual mean
value of 1170 mm. The mean minimum and maximum temperatures
are 13.3 and 28.5 °C, respectively.

2.2 Methodology

The total area of the Gumara-Maksegnit watershed was divided into
a 500 m by 500 m square grid and approximately at the center of
each grid soil samples were collected at 234 locations over the entire
territory of the watershed using auger and core cylinder equipment.
Soil sampling points were located by using hand held Garmin explorer
GPS. Each soil sample was taken from approximately the center of
grid; however, some sampling points were shifted from the center of
the grid due to difficult topographic conditions. Soil samples of about
2 kg were taken from the surface soil horizon, which ranged from 0
to 25 cm based on the topsoil depth, with the best available tool
(bucket auger) for soil physical property analysis. Soil particle size
distribution was determined by the Bouyoucos hydrometric method
after destroying organic matter (OM) using hydrogen peroxide (H,0,)
and dispersing the soils with sodium hexametaphosphate (NaPO,).
Soil depth was determined through excavation of soil mass until the
bedrock was encountered.
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Gumara-Maksegnit Watershed

Figure 1: Overview of the project watershed area and the 234 soil sampling sites.

To predict actual and/or potential erosion risk using the CORINE
model, the required input data are erodibility, rainfall erosivity,
topography and land use. The parameters are represented as four
separate indices, which are then combined to evaluate erosion risk
of the study watershed (Figure 2). The model consists of six steps,
each of which uses different overlaying combinations of soil texture,
depth, stoniness, climatic data, land use and land cover information.
Initially, soil texture, soil depth, and surface stoniness maps were
created and intersected in an ArcGIS environment to generate an
erodibility map. The prepared vector soil analysis data was previously
re-organized and reclassified based the CORINE methodology. For
computing rainfall erosivity, Fournier precipitation (FI) and Bagnouls-
Gaussen aridity indices (BGI) were determined based on seventeen
years of meteorological data, as follows:

[2
FI = 27[.; 2 and 6= 3 Z, (2ti - pi) * Ki

p
Where, (Pi) is total precipitation in a month, (P) total mean annual

precipitation, (t) mean temperature for the month, and (Ki) the
proportion of the month during which 2ti-Pi > 0.

The soil erodibility map was then co-evaluated with rainfall erosivity
values and a slope map of the site to compose the potential erosion

risk map. Finally, the land cover and potential soil erosion risk layers
were combined to form the actual soil erosion risk map. In this study,
Digital Elevation Model (DEM) data was collected from the Shuttle
Radar Topography Mission (SRTM), while the ArcGIS program and
its extensions (3D Analyst and Spatial Analyst tool) were used to
perform the required analyses.

3. Results and Discussion
3.1 Soil Erodibility

The results of the soil lab analysis in Table 1 showed that the soil
texture classes in the study watershed are sandy loam and loam (73
%), clay loam (21.6 %), and clay (5.4 %). Therefore, the soils of the
study area have low ability to resist soil erosion since sandy loam and
loam textural classes are highly susceptible to erosion based on the
CORINE model.

In terms of depth, the soil is categorized as very shallow (62.01 %),
shallow (30.17 %), and moderately deep (7.82 %), which results in high
erosion rates due to their lower water holding capacity and higher
overland flow. The results also indicate that 63.31 % of the study area
has less than 10 % stoniness, while the rest of the watershed has
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Figure 2: Flow diagram of CORINE soil erosion assessment model.

Table 1: Summary of selected soil lab analyses of texture, depth, stoniness and soil erodibility.

Soil Texture Depth (cm) Stoniness (%) Soil Erodibility
CORINE | - CORINE Area (km?) | Area (%) Code Class | Area (km? | Area (%) Code Class | Area (km?) Area Code | Area (km?) | Area (%)
Code Class (%)
1 C 2.9 5.40 1 >75 42 7.82 1 >10 19.7 36.69 1 2.1 3.91
2 cL 16 21.60 2 25-75 16.2 30.17 2 <10 34 63.31 2 11.5 21.42
3 SLand L 39.2 73.00 3 <25 33.3 62.01 40.1 74.67
Total 53.7 100 53.7 100 | [ s37 | 100 53.7

more than 10 % stoniness. The soil erodibility map of the study
watershed (Figure 3A) was generated by overlapping the physical
properties of the soil such as texture, depth, and stoniness using
the ArcGIS environment. The resulting erodibility map indicates that
21.42 % of the study watershed is covered by moderately erodible
soil, while 3.91 % and 74.67 % is covered by low and highly erodible
soil, respectively.

As presented in Figure 3A in the map of the spatial distribution of
soil erodibility, the southern part and northern edge of the watershed
are moderately erodible and slightly erodible since the area is highly
dominated by clay soil particles and gentle to flat slope. While the
northern, western, and eastern parts of the watershed are highly
erodible because of their sandy dominated texture and steep slope.

Soil erodibility depends primarily on the structural stability of the soil
(and hence its resistance to particle detachment by rainfall splash or
runoff) and on its ability to absorb rainfall. However, this watershed
is unable to resist detachment due to the poor quality of the soil’s
physical properties, such as texture and depth.

3.2 Topography

The slope data layer was derived from a Digital Elevation Model (DEM)

of the study area and classified based on the CORINE model (Figure
3B). The results showed that about 56.2 % of the study area has more
than 15 % slope, ranging from steep to very steep terrain, which may
significantly increase soil erosion due to runoff. The rest of the study
area lies on terrain with less than 15 % slope, ranging from very gentle
to gentle. The spatial results in Figure 3B show that the northern,
eastern and western edges of the watershed are dominated by very
steep slopes, while the southern part is characterized by flat and
gentle slopes. However, the central and eastern part is characterized
by gentle to steep slope classes.

3.3 Vegetation Cover

The land cover map of the study watershed was produced on the pixel-
based supervised classification of a 10 m spot satellite image and this
land use map was used for this research. The largest area (63.5 %) of
the watershed was found to be crop land, 24.3 % is forest, and 12.2 %
pasture. The vegetation cover layer is reclassified into two vegetation
indices including fully protected and not fully protected, based on
the CORINE method. Thus, in the study watershed, forest and shrubs
are classified as fully protected (24.3 %), while cultivated land, bare
land, and pasture/rangeland are classified as not fully protected (75.7
%). In terms of the spatial distributions of the vegetation map (Figure
3C), the southern, northern and southwestern edges, and some parts
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Figure 3: Gumara-Maksegnit watershed maps showing (A) erodibility, (B) slope classes and (C) land use types.

of the central watershed are not fully protected and are specifically
dominated by cultivated and rangeland land use types, while the
eastern and northwestern parts are fully protected areas.

3.4 Erosivity

In terms of climatic factors, both precipitation and temperature play
an important role in the soil's physical and chemical properties. In
the CORINE methodology, the Fournier Index (FI) as precipitation
index and Bagnouls—-Gaussen index (BGI) as temperature index
were calculated based on seventeen years of metrological data at
four stations located in the watershed. The FI of the study area was
calculated as 236.74 for metrological station one, which was classified
as very high, 235.61 for the second station (very high), 236.25 for the
third station (very high), and 234.21 for fourth station (very high).
Thus, the aggregate Fl index was also classified as very high. The
BGI was found to be 107.41 for the first station, which is classified
as dry, 92.59 for the second station (dry), 110.69 for the third station
(dry) and 110.7136 for the fourth station (dry). As with the FI, the
aggregate BGI was classified as dry. The Fl and the BGI indices were
then combined to generate the erosivity layer. The results indicate
that the erosivity index is high for the study area and falls under
CORINE class three, while it was also found that erosivity is similar
throughout the whole watershed.

As experienced in northern Ethiopia as a whole and in the study
area particularly, rain tends to fall as heavy downpours. The extent
of erosion caused by rainfall (erosivity) depends on the size and
velocity of raindrops and the amount of precipitation. As the Fl result
indicates, the rain is highly erosive due to its intensity and amount.
High-intensity storms produce larger drops that fall faster than
those of low-intensity storms and therefore have greater potential
to destroy aggregates and dislodge particles from the soil matrix. A
short, high-intensity rainfall event causes much more erosion than a
long, low-intensity event and in this case the watershed experiences

short-term erosive rainfall in three consecutive moths (June, July and
August).

The CORINE model also considered temperature as a climatic factor
of soil erosion, because temperature has an indirect effect on the
nature and rate of soil erosion. The BGl index is under class five of the
CORINE model, which is dry. Alternate wet and dry conditions result
in hydration and dehydration of the thin veneer of soil. This leads to
expansion of soil particles resulting in cracks which, if filled with water
during the rains, cause the removal of soil. However, frozen soils are
more resistant to erosion as soil particles stick together. Moreover,
when the temperature is either cold or warm it is coupled with wind.
This wind is one of the eroding agents of soil erosion if it continues in
the dry season. Wind which blows during rainfall events, however, can
deflect raindrops and minimize their kinetic energy. Consequently,
the potential of the rain to detach soil particles reduced.

3.5 Potential Soil Erosion Risk

After calculation of the above input parameters of the CORINE model,
the potential soil erosion risk map was generated by overlapping the
soil erodibility, erosivity and slope layers (Figure 4A). The resulting
potential soil erosion risk map showed that only 6.63 % of the study
area was classified as low potential erosion risk, while a large part of
the area (75.45 %) is under high potential erosion risk. The rest of the
area (17.92 %) is under moderate potential soil erosion risk.

The results also indicate that the areas with high erosion risk are in
the northwestern and northeastern parts of the study watershed,
while the areas with low erosion risk are located in the southern edge
and the central part of the watershed, representing a very small area
relative to the total watershed. Meanwhile, moderately erodible areas
are found in the southern area, northwestern edge and randomly
distributed in the central part of the watershed.


http://jnrd.info/2016/01/10-5027jnrd-v6i0-01

DOI number: 10.5027/jnrd.v8i0.05

A)

Potential Soil Erosion Risk
ol Low

Moderate
4 High

Journal of Natural Resources and Development 2018; 08: 38 - 45 43

N

Actual Soil Erosion

™ Low
Muoderate

8% High

Figure 4: Gumara-Maksegnit watershed maps showing (A) potential soil erosion risk and (B) actual soil erosion risk.

3.6 Actual Soil Erosion Risk

In the final step, the CORINE actual soil erosion risk map was
generated by overlapping the land cover map and the potential soil
erosion risk map. The actual soil erosion risk map result shows that
the study watershed has 11.92 % low, 20.85 % moderate, and 67.23
% high erosion risk levels. From the results, it can be observed that
the difference between the areas of potential and actual erosion risk
reflects the protective influence provided by the present land cover.
In particular, 75.45 % of the area classified as having high erosion
risk in the potential soil erosion risk map decreased to 67.23 % in the
actual soil erosion risk map. In addition to this, while about 6.63 %
was classified as having low erosion risk in the potential soil erosion
risk map, after overlapping the vegetation layer, low erosion risk
areas increased to about 11.29 %.

The actual soil erosion risk map (Figure 4B) shows that the northern,
eastern and northwestern parts of the watershed are under high
erosion risk, while the southern area is under less erosion risk, and
the moderately risky areas are randomly distributed in the northern
and central part of the watershed.

The actual soil erosion risk map leads to the conclusion that almost
all parts of the watershed in the northern, eastern and western areas
are dominated by high soil erosion risk and require emergency
intervention. Only the southern part of the watershed and some
portions on the northern edge as well as very small portions of the
central area are at less soil erosion risk, and these may not need
immediate attention for soil conservation measures. On the other
hand, moderately erodible lands are distributed randomly in the
northern and central parts of the watershed. Overall, management
measures can be designed based on the map and priority should be

given for high erosion risk parts of the watershed (Figure 5).

Figure 5: Active gully in the Gumara-maksegnit watershed.

4. Conclusions

Rainfall driven soil erosion is a frequent problem in the Ethiopian
highlands, thus the modeling and quantitative estimation of
erosion processes along with impact assessment are required. The
Coordination of Information on the Environment (CORINE) soil
erosion assessment method was used here in conjunction with ArcGIS
to assess the spatial heterogeneity of soil erosion risk in the Gumara-
Maksegnit watershed, in the northwest Amhara region of Ethiopia.

The resulting potential soil erosion risk map showed that small parts
of the watershed (6.63 %) had low risk, 17.92 % of the area had
moderate risk and a large part of the study area (75.45 %) had high
potential soil erosion risk.
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On the other hand, the actual soil erosion risk map showed that a
small part of the watershed area (11.92 %) had low risk, 20.85 %
of the area had moderate risk and a large part of the study area
(67.23 %) had high actual soil erosion risk. The low soil erosion risk
areas are located in the southern part of the watershed. High erosion
risk areas are found in the northwestern and eastern part of the
watershed, whereas moderately risky areas are randomly distributed
in the watershed. The southern parts of the study area have gentle
slopes or have flat topography; thus, this area has low and moderate
erosion risk. The vegetation cover data is a very important parameter
in erosion models since the intensity of vegetation cover significantly
affects erosion rates. The difference between potential soil erosion
and actual soil erosion is due to vegetation cover.

The study demonstrates that the CORINE model together with ArcGIS
is a useful tool to locate the most endangered areas due to erosion
and facilitates sustainable land management through conservation
planning. The method can thus be applied in other parts of Ethiopia
for assessment and prioritization of areas for soil conservation. The
CORINE method is an efficient use of limited resources and does not
account for the socio-economic parameters or the chemical properties
of the soil in the erosion assessment; therefore, its application is
appropriate in situations of limited resources. Nevertheless, future
soil erosion studies that consider physical, chemical and biological
soil properties, in addition to socio-economic parameters could be
vital.
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