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Abstract: Soil erosion on Cephalonia Island, Greece has been identified as a predominating land
degradation process and a major threat to the sustainability of the agricultural sector. In the present
work, the evolution of soil erosion on the island was estimated for the years 2000 and 2012. A simple
empirical model, the Revised Universal Soil Loss Equation (RUSLE) for modeling soil erosion, was
applied in a Geographical Information System (GIS). The results indicate that the mean annual soil
erosion was estimated to be 12.78 t/ha for the year 2000 and 12.28 t/ha for the year 2012. Further,
38.24% of the area of Cephalonia demonstrated moderate to significantly high soil erosion in the
year 2012 compared to 40.55% in year 2000. We can assume that during the period 2000-2012,
despite influences on the natural environment including forest fires and overgrazing, the
combination of vegetation and other protective soil factors contributed to reducing soil erosion.
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1. Introduction

Soil erosion is triggered by a combination of natural and anthropogenic factors including steep
slopes, intense rainfall, sparse vegetation, and inappropriate land use [1]. Extensive soil erosion leads
to the irreversible loss of forest and agricultural land and related ecosystem services. Soil erosion
reduces the productivity of agricultural land, imposing restrictions on their sustainable use. The effect
of soil erosion that is causing most concern is the loss of the surface layer, which is the most fertile
part of the soil profile [2].

According to the GLobal Assessment of SOil Degradation (GLASOD), it is estimated that 114
million hectares are affected by anthropogenic soil erosion. The main causes of soil erosion in the
European Union are unsustainable agricultural practices, fires, overgrazing, deforestation, and
infrastructure building [3]. The Mediterranean region is particularly sensitive to soil erosion [4]. High
rates of soil erosion combined with slow soil formation have led to an irreversible decline in the
quality and quantity of Mediterranean soils [5].

The island of Cephalonia, as with many Mediterranean islands, is subject to several factors that
have exacerbated the phenomenon of soil erosion. Such factors include forest fires, agricultural land
fragmentation and abandonment, unsuitable land for agricultural use, the use of unsustainable
agricultural practices, overgrazing, drought, and limited water resources. As a consequence of the
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above interacting factors, soil erosion in the island has been identified as a major land degradation
process.

Today, a large set of empirical, semi-empirical, and physical process models for soil erosion
assessment are available [6]. The most widely applied empirical model for assessing soil erosion by
water runoff is the Universal Soil Loss Equation (USLE) developed by [7]. The USLE equation and
the revised form, Revised Universal Soil Loss Equation (RUSLE) [8], have been applied
experimentally for more than 40 years in the USA by the US Agricultural Research Agency (USDA)
[9]. The RUSLE equation was used in this study.

The dynamic relationship between human activities and soil erosion requires monitoring of the
phenomenon. Regular monitoring allows competent authorities to assess the influence of policy
decisions and land-use changes on soil erosion. The present study aims to provide quantitative
estimates of soil erosion for the island of Cephalonia for the period 2000-2012. In this context, areas
with a high risk of soil erosion are mapped.

2. Materials and Methods

The RUSLE soil loss equation was implemented with the support of Geographic Information
Systems. The relevant input parameters of the model were calculated separately and stored as vector
data. Five vector data items, each of the five factors of the RUSLE model, were converted to raster
images with a 20-m pixel resolution. In each pixel, a value was assigned equivalent to the value of
the corresponding model parameter. Each raster layer was then combined for calculating the soil loss
rate for each pixel of the study area for the years 2000 and 2012.

The RUSLE soil loss equation is expressed as a simple product of the different factors as
indicated in the following equation:

A=RxKxLSxCxP, (1)
where:

A, soil loss per unit area (t/ha),

R, rainfall erosivity factor (M] mm/ha h),

K, soil erodibility factor (t h M/] mm),

LS, topographic factor that constitute of the slope length factor (L) and slope steepness factor (S) (-),
C, vegetation management factor (-), and

P, erosion control practice factor (-).

The numerical values of the six factors in the first version of the equation were derived from
data processed from small river basins in the USA. This of course is a weakness of the equation when
it is implemented in areas outside the USA. The RUSLE equation does not appreciate the transport
of sediments on the streams of a basin and does not produce acceptable estimates of soil loss in large
basins [6]. Another significant disadvantage of the equation is that it evaluates soil erosion by
multiplying completely different factors representing rainfall erosivity, soil erodibility, topographical
factors, vegetation management cover factors, and erosion control practices; in fact, it is true that soil
erosion cannot be estimated in such a simplistic manner [10]. Apart from these drawbacks, the
implementation of this equation produces satisfactory results as an initial approximation of
estimating soil loss. The RUSLE equation was applied with an acceptable outcome for the
determination of soil erosion at the Kremasta Reservoir in Western Greece [11], in Cephalonia Island
[6], and many other areas of Greece.

It is clear that the advantages of the RUSLE equation include the simple procedure for collecting
the appropriate data [6]. The data necessary for calculating soil loss is a Digital Elevation Model for
the production of the LS topographic factor, the mean annual rainfall for the calculation of the rainfall
erosivity factor R, a geological or soil map for the determination of the soil erodibility K factor, and a
land-cover map for the calculation of the vegetation management cover C factor and the Erosion
control practice factor P.
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3. Results

3.1. Rainfall Erosivity Factor (R)

The estimation of the rainfall erosivity factor (R) is the most important factor for the correct and
effective implementation of the soil loss equation. The value of the factor is the sum of the EI30 factor
for all the storms during a hydrological year where E is the kinetic energy of the rainfall and 130 is
the maximum 30-min rainfall intensity in each rainfall [6,12]. However, because such data are not
available because of the lack of the necessary data (only one meteorological station of the National
Meteorological Service (NMH) with historical data across the island), simple linear regression ratios
that estimate the R factor in relation to the average annual value of rainfall were determined. There
is no link in the literature linking the R factor to the average annual rainfall for the Greek conditions.
For this reason, an equation valid in Italy [13] was used:

R=oaxDj, 2)

where Pj (mm) is the mean annual rainfall and o =1.3.

The numerical value of the factor a derives from a simple linear regression between the R factor
and the mean annual rainfall. The average annual rainfall, based on the NMH data for the Argostoli
rainfall station, was estimated to be 799.8 mm. Therefore, the rainfall erosivity factor for the island of
Cephalonia was estimated to be 1039.74 MJ mm/ha h.

3.2. Soil Erodibility Factor (K)

The value of the soil erodibility factor (K) of the RUSLE soil loss equation is based on the soil
characteristics and more specifically on soil texture, the percentage of sand, silt, and clay and organic
matter. In the present study, the soil erodibility factor (K) was estimated from a soil map produced
by a group of German pedologists that originated from the island of Cephalonia in 1950 led by
German Professor Weinmann [14]. The result of the survey was the creation of a map of soil units
following seven months of fieldwork and a study of approximately 40 soil pits covering the entire
area of the island. Values were assigned as reported in [15] (Table 1). Soil erodibility factor (K) value
varies from 0.12 to 0.41 t ha hMJ-' mm. Figure 1 displays the spatial variability of the soil texture for
Cephalonia Island.
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Figure 1. Soil erodibility factor (K) map of Cephalonia Island.
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Table 1. K values as they were assigned according to soil texture [14,15].

Soil texture K Factor K Factor
Org. Matter Less than 2% Org. Matter More than 2%

Clay 0.24 0.21
Clay Loam 0.33 0.28
Loam 1.50 0.26
Sand 0.03 0.01
Sandy Loam 0.14 0.12
Silty Clay 0.27 0.26
Silty Clay Loam 0.35 0.30
Silty Loam 0.41 0.37

3.3. Topographical Factor LS

4 0f 8

The topographical factor is the union of two different factors, the slope length factor L and the

slope steepness factor S. An increase in the value of either of the two factors causes a significant
increase in soil erosion rates because steep slopes (S) provide high runoff velocities and larger slopes
(L) store surface runoff from extensive areas as a result of the consequent rising runoff. Therefore, an
increase of the values of both factors results in an increase of the value of soil erosion [16]. The above
factors were calculated from the digital elevation model of Cephalonia Island that was created after
the necessary processing. Topographical factor (LS) values vary from 0 to 819.174.

3.4. Vegetation Management Cover Factor (C)

For calculating the vegetation cover factor (C), vector land-use maps produced by the CORINE
2000 & 2012 land-cover program [17,18] were used in a scale of 1:100,000 with the corresponding
land-cover codes. More specifically, in each land-cover code determined in the maps, a value for the
vegetation management cover factor was assigned, which was determined either by utilizing values
from the literature adapted to the description of the specific land uses [15,19] or by estimating new
empirical values (Table 2). The resulting land cover maps of 2000 and 2012 are displayed in Figure 2.
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Figure 2. Vegetation management factor (C) maps of Cephalonia Island in the year 2000 (above) and
2012 (below).

Table 2. C values as they were assigned according to land cover map [15].

Land Cover Type Land Cover Code C Factor
Continuous urban fabric 111 0.10
Discontinuous urban fabric 112 0.10
Industrial or commercial units 121 0.10
Port areas 123 0.10
Airports 124 0.10
Mineral extraction sites 131 0.15
Sport and leisure facilities 142 0.20
Non-irrigated arable land 211 0.50
Vineyards 221 0.40
Olive groves 223 0.40
Pastures 231 0.25
Complex cultivation patterns 242 0.40
Agriculture with natural vegetation 243 0.80
Broad-leaved forest 311 0.15
Coniferous forest 312 0.10
Mixed forest 313 0.15
Natural grasslands 321 0.25
Sclerophyllous vegetation 323 0.20
Transitional woodland-shrub 324 0.15
Beaches, dunes, sands 331 0.80
Bare rocks 332 0.05
Sparsely vegetated areas 333 0.60

Inland marshes 411 0.15
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3.5. Mean Annual Soil Loss Rates (A)

The average annual soil erosion was estimated at 12.78 t/ha for the year 2000 and 12.28 t/ha for
the year 2012. The resulting maps are displayed in Figure 3.
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Figure 3. Soil loss (A) map of Cephalonia Island in the years 2000 (above) and 2012 (below).

4. Discussion

The average annual soil loss was computed on a cell-by-cell basis using (1). The five factor raster
maps representing the R, K, LS, C, and P factors were overlaid and multiplied with the ArcGIS Spatial
Analyst extension [20]. The erosion map (Figure 3) displays the spatial distribution of soil loss in
Cephalonia Island expressed as annual average soil loss in tonnes per hectare per year. The values
should, however, be considered in a comparative manner rather than absolute values. This is because
of the generalization of the input data used and the nature of the model. The results of the application
of the RUSLE soil erosion equation demonstrate that 38.24% of the area of Cephalonia Island
indicated moderate to significantly high erosion in 2012 compared to 40.55% in the year 2000 (Table 3).
The southern, southeast, and eastern regions of the island indicate low erosion rates. Conversely, the
areas (mainly agricultural and lowland areas) with low soil erosion rates of up to 10 t/ha increased in
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the period 2000-2012; this confirms the lack of erosion measures in the lowland and agricultural areas
of the island. To obtain an improved general understanding and perform a superior comparison, the
quantitative output of the soil loss prediction was classified into eight categories of increasing soil
loss severity: <1 (none), 1 to 2 and 2 to 5 (very low), 5 to 10 (low), 10 to 25 (moderate), 25 to 45 (high),
45 to 75 (very high), and >75 t/ha year (severe). These erosion severity thresholds are consistent with
those presented by other experts [21,22]. Further, this classification is consistent with the RUSLE
model’s role as a conservation management tool, where relative comparisons among areas are more
significant than any assessment of the absolute soil loss in a location.

Table 3. Area occupied by each soil loss rate class for the years 2000 and 2012.

Soil Loss Rate (t/ha) Category (Year 2000) Area (%) (Year 2012) Area (%) Difference

0-1 None 20.04 20.49 0.45
1-2 Very Low 5.26 5.77 0.51
2-5 14.41 15.40 1.00
5-10 Low 19.74 20.10 0.36
10-25 Moderate 27.99 26.14 -1.85
25-45 High 7.96 7.66 -0.30
45-75 Very High 3.00 292 -0.08
>75 Severe 1.60 1.52 -0.08

Conversely, areas with high erosion rates were reduced in the period of study, which means that
locally, vegetation and other protective agents have recovered from either fires or pressure from
extensive livestock farming. Areas with high erosion rates are in the southern, southeastern part of
Mount Aenos (Figure 3), in the area near the bay of Myrtos and Agia Kyriaki, in the Pylaros area.

5. Conclusions

Calculated island’s annual soil loss (Table 3) in 2012 indicates that 38.24% of total land area, are
at risk of moderate to severe soil erosion. Survey analysis of the Cephalonian landscape carried out
by the authors, concludes that large parts of the island are overgrazed or threated by forest fires. The
steeply inclined mountain areas show the highest soil erosion rates (Figure 3). We concluded that in
most cases socio-economic factors, common to Mediterranean countries, significantly contribute
towards agricultural land abandonment and accelerated soil erosion.
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