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Abstract

In the present study the evaluation of soil erosion in Southern Evia Island was carried out. Data re-
lated with precipitation, morphology, land cover and lithology were collected. A spatial database was
created and the further processing of the collected data was prepared using GIS. The Universal Soil
Loss Equation (USLE) was used to predict the spatial distribution of the average annual rate of ero-
sion. Five major factors were used to calculate the soil loss. These are rainfall erositivity (R), soil
erodibility (K), slope length and steepness (LS), cropping management (C) and conservation sup-
porting practice (P). Each factor is the numerical estimate of a specific condition that affects the
severity of soil erosion. The obtained soil loss values were used to create the erosion risk map. The
applied methodology provides a cost effected and rapid estimation of areas that are vulnerable to
soil erosion and need immediate attention from soil conservation point of view. Moreover these re-
sults can be used to assist land use planning.
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1. Introduction

Soil erosion is one form of soil degradation and is a naturally occurring process on all land, whose
agents are water and wind. Soil erosion may be a slow process that continues relatively unnoticed,
or it may occur at an alarming rate causing serious soil loss. Soil loss and its associated impacts are
important and widespread environmental problems today, which have far-reaching economic, po-
litical, social and environmental implications due to both on-site and off-site damages (Thampapil-
lai and Anderson, 1994). The main on-site impact is the reduction of soil quality which caused by
the loss of the nutrient-rich upper layers of the soil and the reduced water-holding capacity of many
eroded soils. In addition, the soil that is detached by accelerated water or wind erosion may be trans-
ported at considerable distances. This gives rise to the off-site problems. Water erosion’s main off-
site effect is the movement of sediment and agricultural pollutants into watercourses. This can lead
to the disruption of the ecosystems of lakes, and contamination of drinking water. Another major off-
site impact results from the agricultural chemicals that often move with eroded sediment (Dregne,
2002; Descroix and Mathys, 2003).
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Fig. 1: The digital elevation model (DEM) of the study area superimposed by drainage network and main
towns. The inset at upper right shows the location of the study area within the Greek territory.

The object of this study is to determine the areas most threatened by soil erosion by implementing
the widely applied Universal Soil Loss Equation (USLE) of Wischmeier and Smith (1978) in Geo-
graphical Information System (GIS). GIS permits effective and accurate application of the USLE
model in grid environment, which would allow us to analyse soil erosion in great detail. Precipita-
tion, morphology, lithology and land cover spatial databases were constructed in the analysis and
maps relevant to soil erosion were created using the GIS capabilities. The case study of the present
paper is Southern Evia Island, Central Greece, which covers an area of about 602km? with altitudes
varying between 0 and 1380m (Fig.1).

2. Methods
2.1 USLE equation

The Universal Loss Equation (USLE) is an equation that predicts the amount of soil lost per acre per
year due to soil erosion The USLE equation has been developed by Wischmeier and Smith (1978).
This equation was the first empirical erosion equation that was not tied to a specific region, thus the
title “Universal” Soil Loss Equation, and has been used in more than 100 countries. Five major fac-
tors are used to calculate the soil loss for a given site. Each factor is the numerical estimate of a spe-
cific condition that affects the severity of soil erosion at a particular location. The values reflected
by these factors can vary considerably due to varying weather conditions. Therefore, the values ob-
tained from the USLE more accurately represent long-term averages and the soil erosion is esti-
mated as follows:

A=RxKxLSxCxP
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Where A is the average annual soil loss rate (t ha-1 year-1), R is the rainfall erosivity factor (MJ mm
ha-1 h-1 year-1), K is the soil erodibility factor (t ha h ha-1 MJ-1 mm-1), LS is the topographic fac-
tor (unitless), C is the cropping management factor (unitless) and P is the erosion control practice
factor (unitless). The units of average annual soil loss rate (A) are carried by the R and K factors.
These two factors represent the cause and effect of soil erosion. The R factor represents the erosive
power of rainfall on the soil regardless of what type of soil it is, while the K factor represents the
extent that the specific soil type resists erosive forces. The remaining USLE factors (LS, C and P)
may be thought of as adjustment factors. In the present study the soil loss in Southern Evia Island
was estimated on a 20x20 m cell basis resolution by overlaying the five digital parameter layers (R,
K, LS, C and P) in raster format after some modifications in the calculation of the K factor.

2.2 Development of model database for USLE

To apply the USLE, a spatial database including precipitation, morphology, land cover and lithol-
ogy was constructed using ArcGIS software (ESRI, 2005). The factors for the USLE equation were
calculated and extracted from the spatial databases. Individual GIS files were built for each factor
in the USLE and combined by cell-grid procedures in GIS to predict soil loss in the spatial domain.
The dataset that was available consisted of the following:

* A Digital Elevation Model (DEM), which is a representation in raster format of the surface
of the study area. The Digital Elevation Model was created at 20 m resolution by digitizing
the contours of “Karistos” and “Platanistos” topographic map-sheets on a scale of 1:50.000,
published by the Hellenic Military Geographical Service.

* The IGME “Karistos-Platanistos” (1991) and “Rafina” (1977) geological maps scanned from
the corresponding paper map-sheets.

e The land cover in vector format (polygon layer) from CORINE database on a scale of
1:100.000.

* Meteorological tabular data (temperature and rainfall) from Karistos, Marathonas and Rafina
meteorological stations of the Hellenic National Meteorological Service.

The R, K, LS and C factors which are required in calculating soil erosion from USLE were extracted
from the spatial database. In the following sections we describe these factors respectively.

RAINFALL EROSIVITY FACTOR

The R-factor represents the erosivity of the climate at a particular location and evaluates the erosive
potential of the rainfall. It is the average yearly sum of the products of the kinetic energy of each
storm with the maximum 30 minute rainfall intensity of the storm. The energy of a given storm de-
pends upon all the intensities at which the rain occurred and the amount of precipitation that is as-
sociated with each particular intensity value. However, in this application the lack of a dense
meteorological network in the broader study area made us use the linear equation of Van der Knijff
et al. (2000) which calculates the R-factor as a function of the mean annual rainfall (mm):

R=a*Pj

where Pj is the mean annual rainfall (mm) and the coefficient a = 1.3. Monthly meteorological tab-
ular rainfall data of 11-14 years was used to calculate the R-factor for the weather stations Karys-
tos, Marathonas and Rafina, whose mean annual rainfall calculated to be 700.4 mm, 397.0 mm and
357.6 mm respectively. Finally, the Inverse distance weighting (IDW) interpolation method was ap-
plied to produce the spatial layer of the R-factor.
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Fig. 2: Simplified geological map of Southern Evia Island (based on the Geological Maps of IGME 1:50.000,
Karistos-Platanistos and Rafina sheets).

SOIL ERODIBILITY FACTOR

The K-factor is an empirical measure of soil erodibility and is a function of intrinsic soil properties.
Erodibility varies with soil texture, aggregate stability, infiltration capacity and organic and chemi-
cal content (Karydas et al., 2009). This factor is influenced by the detachability of the soil, by the
infiltration and runoff and the transportability of the sediment eroded from the soil. The main soil
properties affecting the K-factor are soil texture, including the amount of fine sand in addition to the
usual sand, silt and clay percentages used to describe soil texture, organic matter, soil structure and
the permeability (Wischmeier et al. 1971; Mitchell and Bubenzer 1980; Dabral et al. 2001). Foster
et al. (1991) proposed the following equation for the calculation of the K-factor:

K=2.8-10-TM1.14(12-a)+4.3-10-3(b-2)+3.3 (c-3)

Where M is the particle size parameter (% silt + % very fine sand)x(100 - % clay), a is the organic
matter content (%), b is the soil structure code (very fine granular = 1, fine granular = 2, coarse
granular = 3, lattice or massive = 4) and c is the soil permeability class (fast = 1, fast to moderately
fast = 2, moderately fast= 3, moderately fast to slow =4, slow =35, very slow = 6). These values are
applied for soil erodibility factor when a soil map is available.

However, in this work the K-factor was calculated from the geological maps, due to unavailability
of precise and reliable soil datasets for the study area. The geological formations were derived from
the geological map sheets of Karistos-Platanistos (IGME, 1991) and Rafina (IGME, 1977). Forma-
tions from the Autochthonous unit of Almyropotamos-Attiki and the Neohellenic tectonic nappe
unit participate in the geological structure of the study area. More specifically, the geological for-

XLIII, No 3 — 1575



Table 1. Classification of the geological formations and estimated soil erodibility factor values.

Lithology K Factor
Marbles 0,0005
Marbles and cipolins with schists intercalations 0,001
Ophiolites 0,007
Orthogneisses 0,0003
Schists 0,009
Schists with marble layers 0,006
Alluvial and near shore deposits 0,02
Terrestrial and lacustrine deposits 0,02
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Fig. 3: Spatial distribution map of the soil erodibility factor in the study area.

mations that were identified are alluvial, terrestrial and lacustrine deposits, marbles of Panagia and
Agios Georgios-Distos (Autochthonous unit of Almyropotamos-Attiki), schists with marble layers,
amphibolites and amphibolitic schists, orthogneisses, marbles and cipolins of Styra, schists of
Tsakeoi and ophiolites (Neohellenic tectonic nappe unit). The simplified geological map of the study
area are shown in Fig.2.

The formations were classified according to parent material and depending on their sensitivity to ero-
sion, their infiltration capacity, their aggregate stability and their organic and chemical content. Val-
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Fig. 4: Spatial distribution map of the topographic factor in the study area.

ues of K-factor were assigned in every formation, computed for every grid cell and producing the
K-factor map. Soil erodibility factor was found to be in the range between 0.0003 — 0.02 (Table 1).
The spatial distribution of the K- factor is presented in Fig. 3.

TOPOGRAPHIC FACTOR

This factor can be divided into L and S factors that respectively account for slope length and slope
steepness and jointly they refer to the topographic (or relief) influence on erosion intensity. Natu-
rally, the steeper the slope of a field, the greater the amount of soil loss from erosion (Desmet & Gov-
ers 1996). Soil erosion also increases as the slope length, which is defined as the distance from the
origin of overland flow to the point where deposition begins to occur, increases due to the greater
accumulation of runoff. The topographic factor can be determined by multiplying the L and S fac-
tors. The technique for estimating the LS-factor was proposed by Moore and Burch (1986 a and b)
using equations such as

LS=(Flow Accumulation x Cell Size/22.13)0.4 x [sin(Slope x 0.01745/0.0896)]1.3

In this study, both the flow accumulation and the slope steepness were estimated from the Digital
Elevation Model (resolution 20 m) of the study area, after the required processing. Finally, the LS-
factor was found to be in the range of 0.1 to 567.155 and its spatial distribution is shown in Fig. 4.

CROPPING MANAGEMENT FACTOR

The C factor reflects the effect of cropping and management practices on the soil erosion rate and
it is mainly related to the vegetation’s cover percentage. Undisturbed forests and dense grass pro-
vide the best soil protection and are about equal in their effectiveness. Forage crops are next in ef-
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Table 2. Cropping management factor for different land cover classes.

Land cover. C Factor
Non-irrigated arable land 0,250
Permanently irrigated land 0,300
Vineyards 0,350
Olive groves 0,400
Pastures 0,010
Complex cultivation patterns 0,170
Land principally occupied by agriculture, with significant areas of natural vegetation 0,200
Broad-leaved forest 0,001
Coniferous forest 0,001
Mixed forest 0,001
Natural grassland 0,010
Sclerophylous vegetation 0,009
Transitional woodland-shrub 0,009
Bare rock 0450
Sparselly vegetated areas 0,350
Burned areas 0,550

fectiveness, because of their relatively dense cover. Small grains, such as wheat, provide interme-
diate cover and offer considerable obstruction to surface wash. Row crops, such as corn, offer rela-
tively little living cover during the early growth stages and thereby leave the soil susceptible to
erosion, unless residues from previous crops cover the soil surface (Brady and Weil 1999). In the
present study, the C-factor values were derived from the CORINE land cover database on a scale of
1:100.000. The study area was classified into 17 land cover classes (Table 2). For each land cover
class a corresponding C-factor value was given by utilising the values given in the literature (Wis-
chmeier and Smith 1978, Cebecauer et al. 2000), adjusted for the present study area. Urbanized
areas were excluded from the evaluation, while attention was given at the areas that were affected
by the wildfires of 2007 and 2009. The largest value was assigned at these areas, which were deter-
mined by photo-interpretation using MODIS Terra satellite images of the study area. Finally, the
map and the distribution of land cover C-factor values are shown in Fig. 5.

EROSION CONTROL PRACTICE FACTOR

P-factor reflects the effects of practices such as construction of terraces or contour strips that will
reduce the amount and rate of the water runoff and thus reduce the amount of erosion. Wischmeier
and Smith (1978) defined the P-factor as the ratio of soil loss with a specific support practice to the
corresponding soil loss with up and down cultivation. The lower the P-value, the more effective the
conservation practice is considered to be at reducing soil erosion. However, in the present study, the
P value 1.0 was assigned, because on a scale of 1:50.000 it was not possible to obtain data regard-
ing support practices.

3. Results
SOIL EROSION POTENTIAL
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Fig. 6: Spatial distribution map of the average annual soil loss in the study area.
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Finally, the implementation of Universal Loss Equation in GIS by multiplying the above described
raster files that corresponds to the five factors of the USLE equation, gave the spatial distribution
map of the average annual soil loss potential (A) in tons per acre per year in Southern Evia Island
(Fig. 6). This was accomplished in ArcGIS by using the raster calculator tool. The highest computed
rate of soil erosion potential is 1,737 tons per acre per year. Generally, the highest rates are in the
affected areas by the wildfires of 2007 and 2009 and in the areas where the slope exceeds approxi-
mately 30 degrees. The final map should be interpreted as the maximum possible extent of erosion.

4. Conclusions

The purpose of this study was the identification of the soil erosion-prone areas in Southern Evia Is-
land using the well-known Universal Soil Loss Equation (USLE) and GIS, as it has become in-
creasingly apparent that computer based GIS can provide the means to model soil erosion effectively.
A set of factors as identified in the USLE were studied and reviewed. These include the rainfall ero-
sivity factor (R-factor), the soil erodibility factor (K-factor), the slope and slope length factor (LS-
factor), the cropping management factor (C-factor) and the erosion control practice factor (P-factor).
These factors which consist of a set of logically related geographic features and attributes were used
as data input.

Analysis of monthly rainfall data of the past fourteen years gave the R-factor. The K-factor was cal-
culated based on the geological maps, while it is originally based on soil analysis data, because of
the lack of precise and reliable soil datasets for the study area. Digital elevation model (DEM), in-
terpolated from elevation contours, was used to generate the LS-factor. Spatial land cover, extracted
from CORINE database on a scale of 1:100.000, was used to determine the spatial C-factor, while
photo-interpretation led to the identification of the areas that severely affected by the 2007 and 2009
wildfires in Southern Evia Island. Each of the above mentioned USLE factors, with associated at-
tribute data, was digitally encoded in a GIS database to eventually create the corresponding the-
matic layers. Then, these layers were spatially overlaid to produce the resultant layer, which yielded
the spatial distribution map of the average annual soil loss in the study area.

From the analysis it is evident that severe soil loss covers an area (150 tons/hectares/year) of about
14%. The highest average soil loss was occurred in areas that were affected by the wildfires of 2007
and 2009, while the lowest soil loss rate was found in forest areas. These results proved that soil ero-
sion rates can reach alarming levels in rugged terrain after wildfires and measures to reduce the
amount of soil erosion need to be taken at these areas, where plant material and the litter layer that
break up the intensity of severe rainstorms is destroyed. The severe soil loss from areas with high
erosion rates will cause potential flood risk mainly in lowlands and coastal areas of Karystos Bay.
This is caused because eroded soil has decreased capacity to absorb water and the increased runoff
can lead to downstream flooding and local damage to property near these areas. In addition, the in-
creased accumulation of eroded materials from watercourses and their deposition in these areas can
result in extra damages after flood events. Moreover, vegetation cover strongly influence the erosion
process, as due to high vegetation cover such as in forest areas annual soil loss rate seems to be low,
in contrast to the burned areas, where little vegetation cover results in high erosion rates.
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