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Abstract: The main objective of this study is to apply the RUSLE to the Venetikos River catchment, located at Western 
Macedonia, Northern Greece, in order to estimate soil erosion and investigate its spatial distribution. The model was 
implemented in a GIS environment, taking into account the spatial variation of its individual factors. Sediment yield 
resulted by applying the sediment delivery ratio (SDR), calculated by the empirical Renfro (1972) equation, to the 
initially estimated gross erosion. The model’s performance was evaluated, both annually and inter-annually, 
considering the sediment discharge measurements conducted by the Greek Public Power Corporation (PPC) at the 
catchment’s outlet, namely Grevena Bridge, during the time period 1965−1982. The simulated results were 
underestimated compared to the observed ones, a fact attributed to the model’s inherent limitations (e.g. questionable 
performance on catchment scale implementation, estimation of inter-rill and rill erosion but not of gully or stream-
channel erosion etc.), as well as the catchment’s specific characteristics (e.g. mainly mountainous with limited 
agricultural areas to which the model performs better, extensive vegetation cover, relatively low precipitation 
erosivity, bed rock not prone to erosion, rainfall–geological characteristics–topography–land cover pattern 
combinations that do not allow high erosion rates). Overall, despite underestimating the observed results, the RUSLE 
model performed quite satisfactory and allowed identification of the most susceptible to erosion areas, constituting an 
important predictive tool for soil and environmental management in this region. 
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1. INTRODUCTION 

Soil erosion can be defined as “the wearing away of the land surface by physical forces such as 
rainfall, flowing water, wind, ice, temperature change, gravity or other natural or anthropogenic 
agents that abrade, detach and remove soil or geological material from one point on the earth’s 
surface to be deposited elsewhere” (Soil Science Society of America, 2001).  

It is the result of the combined rainfall impact and surface runoff effect. If rain hits bare soil with 
sufficient intensity, the raindrops’ kinetic energy causes the detachment of soil particles (splash 
erosion), moving them at short distance (on-site effect). When surface runoff begins (shallow, 
uniform flow with no erosive ability), it can only “wash away” these particles (sheet erosion). As 
overland flow concentrates, it gradually obtains erosive characteristics (increasing discharge, 
turbulence), forming channels of progressive size (inter-rills; rills; gullies) and being able to detach 
more particles on its way to the water bodies. Detached soil descends as sediment downstream, 
where is eventually deposited in reservoirs, lakes, river beds or coastal areas. 

The phenomenon’s intensity is directly dependent on natural factors, such as soil (e.g. thin 
topsoil layer, silty texture, low organic matter content etc.), geological (e.g. bed rock susceptible to 
erosion), topographic (e.g. steep, long slopes), land use (e.g. sparse vegetation) and climatic (e.g. 
intense rainfall) characteristics, as well as on human activities (e.g. agricultural practices) that 
exacerbate its processes. 

Soil erosion is one of the most significant environmental problems, affecting not only the natural 
environment by causing land (e.g. loss of soil fertility and productivity, slope instability) and water 
quality (e.g. contamination by nutrients and agrochemicals attached to transported sediments) 
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degradation, but technical structures (e.g. reduction of reservoir capacity) and human activities (e.g. 
agricultural productivity regression) as well. 

Thus, the need to accurately assess and predict soil erosion and sediment transport in watersheds 
becomes essential, in different temporal and spatial scales, in order to implement land use and soil 
management strategies as well as to protect and preserve technical constructions such as irrigation 
dams, hydroelectric projects and flood attenuation structures. 

Such need led to the development of various simulation models {divided into empirical, 
stochastic and deterministic (either physically based or conceptual)}, depending on their 
complexity, the physical processes simulated, the equations used and the accuracy aspired. 

Empirical models are widely applied, because of their simplicity and ease of use, having less 
input data and computation demands than the comprehensive ones. When the lack or reduced 
reliability of input data occurs, the use of empirical approaches is preferred, since it is most likely to 
perform better than the latter, the parameter introduction of which is inevitable to induce errors that 
may not be less than by a simple and lumped approach.  

One of the most widely accepted and applied empirical models is the Universal Soil Loss 
Equation (USLE), developed by Wischmeier and Smith (1978), on the basis of lumped approach to 
catchment scale, because of its relative simplicity and robustness and because it represents a 
standardized approach. It is also considered to be the most effective method for assessing soil loss 
in the absence of measurements.  

The Revised Universal Soil Loss Equation (Renard et al., 1991) was developed to incorporate 
additional research, experiments, data, resources becoming available and a deeper understanding of 
the erosion process, since the earlier USLE publication. The basic form of the equation has 
remained the same, but modifications in several of the factors have been made. 

These modifications include new (the R factor has been expanded to include the Western United 
States) and revised (filling of data gaps and a more refined smoothing of the R iso-erodent map of 
the Eastern U.S. has also been performed) iso-erodent maps and corrections made to account for 
rainfall on ponded water, a time-varying (seasonal) approach for soil erodibility factor (K), a new 
equation to reflect slope length and steepness {slope length (L) and steepness (S) factors have been 
revised to account for the relation between rill and inter-rill erosion}, a sub-factor approach for 
evaluating the cover-management factor (the C factor no longer represents seasonal soil-loss ratios; 
it now represents a continuous function of prior land use, surface cover, crop canopy, surface 
roughness, and soil moisture) and new conservation-practice values (the factor P has been expanded 
to include conditions for rangelands, contouring, strip-cropping, and terracing) (Renard et al., 1991; 
Renard et al., 1994). 

Considering the above, the main objective of this study is to evaluate the performance of the 
RUSLE at the Venetikos River catchment. To that end, simulated sediment yield was compared to 
the catchment’s observed one {estimated by the sediment discharge measurements conducted on a 
monthly basis at its outlet, namely Grevena Bridge, by the Greek Public Power Corporation (PPC) 
during the time period 1965−1982}, both annually and inter-annually.  

The model was selected considering a number of criteria {low input data requirements 
(appropriate for implementation in Greece, characterized by scarcity of available (and often 
reliable) detailed data), widespread use at Mediterranean type catchments along with satisfying 
performance, computational speed, ease of use, low implementation cost, spatial implementation 
and graphical output data type (GIS) capability}.  

A GIS based approach was used in order to take into account the spatial distribution of the 
model’s individual factors. Each factor was described by a digital map, with the layers being 
overlaid in order to calculate soil loss. Such delineation provided a more accurate simulation of soil 
erosion, considering the climatic, geological, topographic and land cover variations occurring 
throughout the catchment. Moreover, the data processing was easier, faster and more cost-effective. 
The LS factor was calculated using the SEAGIS 1.0 graphical interface (abbreviation for “Soil 
Erosion Assessment using GIS”) developed by the Danish Hydraulic Institute (DHI, 1999) as an 
ArcView extension, while all other factors by the Arc Map 10 platform. 



European Water 47 (2014)   17 

 

The Venetikos River was selected for the study purposes, considering its contribution to the 
overall development of the region in terms of meeting with the irrigation needs and agricultural 
production sustainability, as well as the environmental, technical and sedimentary (e.g. storage loss) 
issues posed by the imminent construction of the “Elafi” damn. 

2. DATA AND METHODS 

2.1 Study area and data measurements 

The Venetikos River catchment, the major tributary of Aliakmonas River, is located at Western 
Macedonia, Northern Greece, resting almost entirely over the Grevena Prefecture (Figure 1). The 
basin is mountainous, with intense topographical variations and an almost circular shape, covering 
an area of 855.23km2. The elevation ranges from 437.8 to 2,240.0m, with the mean elevation being 
1,008.7m. The catchment has a dense hydrographic network, including four major streams 
emanating from the eastern part of the Pindus mountain range, with the main and longest one being 
53.9km long. For the time period 1965−1982, mean annual discharge (Q), sediment discharge (Qs), 
rainfall (P) and temperature (T) values are estimated equal to 17.9m3 sec-1, 21.5kg s-1, 1,015.1mm 
and 10.1οC, respectively. Discharge and sediment discharge measurements were conducted at the 
catchment’s outlet, namely Grevena bridge (Latitude: 21o29'00"Ν, Longitude: 40o03'00"E, 
Elevation: 468m), by the Greek Public Power Corporation (PPC), on a daily and monthly basis 
respectively. 

 

Figure 1. Study area location 
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Annual Precipitation (mm) 

 
Annual Temperature (oC) 

 
Annual Discharge (m3 y-1) 

 
 Annual Sediment Discharge (Kg s-1) 

Figure 2. Annual precipitation; temperature; discharge; sediment discharge values  

2.2 The Revised Universal Soil Loss Equation (RUSLE) 

Soil erosion is estimated as the product of six major erosion factors (climatological, pedological, 
topographic, land cover, anthropogenic), which values can be expressed numerically (Eq.1). 

A = R ⋅K ⋅L ⋅S ⋅C ⋅P   (1) 

where A is the average soil loss per unit of area (t ha−1 y-1), R is the rainfall erosivity factor (MJ mm 
ha−1 h−1 y−1), K is the soil erodibility factor (t h MJ−1 mm−1), LS is the topographic factor 
(dimensionless) including slope length (L) and steepness (S) factors, C is the cover management 
factor (dimensionless), and P is the support (or conservation) practice factor (dimensionless).  

 

Figure 3. RUSLE flowchart 
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2.2.1 Rainfall Erosivity Factor (R) 

The Rainfall Erosivity Factor (R) quantifies the raindrop impact on bare soil as well as the 
induced runoff effect. For any given period, it is analytically estimated by summing the products of 
precipitation’s total kinetic energy per unit area (E, J m-2) with the maximum 30-min precipitation 
intensity (I30, mm h-1), considering each storm event (Eq. 2).  

R =
Ε ⋅ Ι30
1700

 (2) 

The scarcity of detailed precipitation data makes the analytical calculation of R impossible in 
several regions. Thus, simplified empirical methods were developed (Van der Knijff et al., 2000; 
Schwertmann et al., 1990; Arnoldus, 1977; Lo et al., 1985; Yu and Roswell, 1996; Ferrari et al., 
2005; Renard and Freimund, 1994), correlating the R factor with more easily acquired parameters, 
such as the mean annual precipitation (P) or the Fournier Index (F) (Arnoldus, 1977). Arnoldus also 
proposed the modified form of the index (Eq. 3), in order to avoid drawbacks related to the monthly 
distribution of rainfall throughout the year. 

F =
pi( )

2

Pi=1

12

∑  (3) 

where ip is the mean rainfall depth of the i month (mm) and P  is the mean annual rainfall (mm). 
In the present study the Van der Knijff et al. (2000) equation was applied (Eq. 4), considering a 

literature review. The equation has been used in several studies (e.g. Zarris et al. 2011; Sigalos et 
al., 2010), performing exceptionally well under Mediterranean or more specifically Greek climate 
conditions. The “a” factor is equal to 1.3.  

R = aP  (4)  

The R factor was subsequently calculated for each gauging station, given the daily precipitation 
data from the period 1965−1982 (Table 1). The spatial distribution of each parameter (P, R) was 
estimated using the co-kriging and kriging interpolation methods, respectively (Figure 4; Figure 5). 
The R factor values are higher at the center of the catchment (areas susceptible to rainfall erosivity) 
and decline towards its outer limits. 

 
Table 1. Mean Annual Precipitation (P); Erosivity factor (R) 

Overseer Station Lat. Long Elev. (m) Records P (mm) R (MJ mm ha-1 h-1 y-1) 
PPC[a] Karpero 21ο 38΄ 39ο 57΄ 510 1965-1982 619.0 804.7 
 Kipoureio 21ο 22΄ 39ο 57΄ 868 1965-1982 963.0 1,251.9 
 Spilaio 21ο 17΄ 40ο 00΄ 900 1965-1982 923.6 1,200.7 
NAGREF[b] Krania 21o 17’ 39o 54’ 952 1965-1982 932.2 1,211.8 
MEECC[c] Grevena 21o 26’ 40o 05’ 524 1965-1982 837.5 1,088.8 
 Agiofyllo 21o 34’ 39o 52’ 581 1965-1982 734.0 954.2 
 Malakasio 21o 17’ 39o 47’ 847 1965-1982 1,241.0 1,613.3 
 Pentalofos 21o 09’ 40o 12’ 1,040 1965-1982 989.5 1,286.4 
[a] Public Power Corporation, [b] National Agricultural Research Foundation, [c] Ministry of Environment, Energy and 
Climate Change 
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Figure 4. Precipitation (P) 

)  

Figure 5. Rainfall Erosivity Factor (R) 
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2.2.2 Soil Erodibility Factor (K) 

According to Wischmeier et al. (1971) the soil erodibility factor (K) is a measure of the behavior 
of soil with specific properties (granulometry, organic matter content, texture, structure and 
permeability). Some of these properties influence soil’s water infiltration capacity, determining the 
rate of runoff. Others influence its capacity to resist rainfall and overland flow erosivity, 
determining the runoff’s suspended sediment load content. The inter-relation of these variables is 
highly complex. 

In the present study, the K factor was calculated considering the geological maps of the Greek 
Institute of Geological and Mining Exploration (IGME) namely Pentalofo, Panagia, Metsovo, 
Grevena, Knidi and Ayiofyllo in a scale of 1:50.000. 

The individual geological formations of the Venetikos River catchment were grouped into 
integrated ones, considering their geological age and lithology (characteristics corresponding to 
their disintegration vulnerability and sediment production ability). The integrated formations were 
anew categorized into three major geological age groups {Quaternary, Neogene, Pre-Neogene 
(includes the Paleogene, Cretaceous, Jurassic, Triassic, Paleozoic formations)}, with their assigned 
codes being based on the initial IGME ones (Table 2; Figure 6). 

Since the K factor can easily be related to the geological formations’ susceptibility to erosion 
(Koutsoyiannis and Tarla, 1987; Lykoudi and Zarris, 2002), and moreover since field trials for 
estimating the coefficient are expensive and time consuming, each formation was assigned a value 
according to international literature.  

The highest values are met at areas close to the catchment’s outlet, relatively moderate ones at its 
lowlands, while the lowest values at high relief areas, on the mountain range of Pindos (Figure 7). 

 
Table 2. Integrated Geological Formations  

Geological 
Age 

Geological 
Code Geological Formation 

Quaternary al Alluvial deposits 
 H.t Aliakmon River terraces, Old fluvial terraces 
 cs,sc Old talus cones and scree, Recent talus cones and scree, Talus cones, Old and recent scree 
 MG Glaciers 
Neogene Pl-Pt Fluvial deposits, Fluvial and lacustrine deposits in terraces 
 M1-3.c Ophiolitic conglomerates 
 Olc1 Conglomerates, sandstones, marls, clays, sandy marls 
 Olc2 Conglomerates, sandstones, clays, sandy marls 
Pre-Neogene Olec Conglomerates, sandy marls, sandstones 
(Paleogene) Olm-s.st,m Marls, sandstones, conglomerates 
 Olm-s.c1 Conglomerates, sandstones, red clays, yellow marls 
 Olm-s.c2 Conglomerates 
 Es.c Ophiolitic breccia, Polygenic conglomerates 
 Es.st,m Sandstones, sandy and blue marls 
 Fo Flysch 
Pre-Neogene Ks.k Limestones, Platy limestones 
(Cretaceous)   
Pre-Neogene J-K.sh Radiolarites and schists, Limestones and schists 
(Jurassic) o Ophiolites complex, Peridotites, Serpentinites, Gabbros, Schists (crystalline) 
 δ Dolerites 
 δ,β Dolerites, basalts 
 δ,θ Dolerites, gabbros 
 θ Gabbros 
 θ,δ,σ,β Gabbros, dolerites, serpentinites, basalts  
 σπ,δ,hn Spilite, dolerites, radiolarites, red schists 
Pre-Neogene Mz.k Compact limestones, Platy limestones 
(Triassic) T.k Limestones 
Pre-Neogene  Pz-Crs Schists (crystalline) and phyllites 
(Paleozoic)   
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Figure 6. Integrated Geological Formations 

 

Figure 7. Soil Erodibility Factor (K) 



European Water 47 (2014)   23 

 

An attempt was also made to estimate the K factor values analytically, considering the 
catchment’s soil properties. To that end an analysis of 22 soil samples (Figure 8) was performed, 
according to the equations developed by Wischmeier et al. (1971) (Eq. 5, Eq. 6). 

100K = 2.1M1.14 10−4( ) 12− a( )+3.25 b− 2( )+ 2.5 c−3( )   (5) 

M = Ps ⋅ 100− Pc( )   (6) 

where, K is the soil erodibility factor (t h MJ-1 mm-1), M is the soil’s grain size parameter, Ps is the 
percentage of silt, very fine sand and sand > 0.10 mm (%), Pc is the percentage of clay (%), a is the 
organic matter content (%), b is the soil structure (values ranging from 1 to 4), c is the soil 
permeability (values ranging from 1 to 6). 

Equation 5 constitutes the mathematical expression of the Wischmeier and Smith nomogram 
(1978) (Figure 9). 

 

Figure 8. Soil samples 
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Figure 9. Wischmeier and Smith’s nomogram (1978) 

Table 3. Analytical estimation of Soil Erodibility Factor (Κ) 

Overseer Code Depth (cm) Clay (%) Loam (%) Sand (%) a (%) b c K 
MEECC[a] 235 0-11 26 27 47 6.76 2 3 0.201 

 237 0-15 30 41 29 3.65 2 3 0.282 
 238 0-12 40 37 23 2.98 2 3 0.215 
 240 0-24 48 34 18 1.87 2 3 0.174 
 241 0-47 32 20 48 1.57 2 3 0.330 
 242 0-16 18 30 52 2.81 3 2 0.453 
 243 0-21 19 35 46 2.23 2 3 0.461 
 244 0-28 31 33 36 4.80 2 3 0.236 
 248 0-12 19 27 54 2.39 3 2 0.414 
 1447 0-26 25 26 49 3.42 2 3 0.340 
 1449 0-26 21 24 55 4.14 2 3 0.350 
 1450 0-28 14 23 63 6.27 3 2 0.317 
 1458 0-6 28 25 47 11.73 2 3 0.010 
 1459 0-18 18 39 43 5.86 2 3 0.298 
 1469 0-18 18 39 43 3.94 2 3 0.391 
 1470 0-21 10 26 64 2.40 3 2 0.583 
 1471 0-12 12 33 55 3.00 3 2 0.520 
 1472 0-30 36 29 35 1.87 2 3 0.279 
 1476 0-24 40 15 45 3.79 2 3 0.195 
 2201 0-30 17 27 56 5.82 3 2 0.313 
 2202 0-13 24 30 46 2.76 2 3 0.377 
 2207 0-29 21 35 44 3.11 2 3 0.396 

[a] Ministry of Environment, Energy and Climate Change 
 

The results are significantly overestimated compared to the “literature” values used in the present 
study. Although soil samples provide valuable information about the catchment’s soil properties, 
they only have local interest, limited to the specific sampling sites. Moreover, they are very few to 
be able to describe the entire area in detail. Additionally, they refer only to the mountainous regions 
of the catchment (no relevant information was available for the lowlands) and are also not 
representative of all the geological formation met throughout the catchment.  
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2.2.3 Slope Length and Steepness Factor (LS) 

The topographic (LS) factor is comprised of the individual slope length (L) and steepness (S) 
factors, combined into a single index. The L factor represents the effect of slope length on erosion, 
defined as the distance from the point where runoff begins to the deposition area (or to where runoff 
flows into a defined channel). The S factor represents the effect of soil steepness on erosion, defined 
as the ratio of the "vertical change" to the "horizontal change" between (any) two distinct points. 

Increased LS factor values denote high values of runoff volume and velocity, entailing high soil 
loss rates. Yet, it is noted that soil loss is not especially sensitive to slope length alterations (±10% 
differences are not considered important, especially on flat landscapes), while it is influenced more 
strongly and rapidly by the slope steepness ones.  

In the present study the LS factor was calculated using the SEAGIS model, considering the 
catchment’s Digital Elevation Model (DEM), having a scale of 1:50.000 and contour density of 
25m. 

The highest values of the coefficient are met at high relief areas, while the lowest at the 
catchment lowlands gradually declining towards its outlet (Figure 10). 

 

 

Figure 10. Slope Length and Steepness Factor (LS) 

2.2.4 Cover Management Factor (C) 

The Cover Management Factor (C) is a reduction factor to soil erosion vulnerability. It 
parameterizes the shielding effect of vegetation which absorbs and dissipates the kinetic energy of 
precipitation as well as the runoff effects.  
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In the present study, the C factor was calculated based on the CORINE Land Cover (2000) 
classification (Table 4). Every land use was assigned with a C coefficient value considering a 
literature review (Wischmeier and Smith, 1978; Schwertmann et al., 1990; Chrysanthou and 
Pyliotis, 1995; Lykoudi and Zarris, 2002), apart from the ones not previously met, to which new 
empirical values were attributed (Figure 11). 

The lowest values of the coefficient are met at areas with high vegetation cover, denoting the 
protective effect of land cover against soil erosion, while the highest at areas of mild or low 
vegetation cover. 

Table 4. Cover management factor (C)  

Code Description Area (km2) Cover (%) 
112 Discontinuous Urban Fabric 1.18 0.14 
211 Non-irrigated arable land 37.86 4.43 
231 Pastures 0.29 0.03 
242 Complex cultivation patterns 17.53 2.05 
243 Land principally occupied by agriculture with significant areas of natural vegetation 98.75 11.55 
311 Broad-leaved forest [a] 167.01 19.53 
312 Coniferous forest [a] 138.39 16.18 
313 Mixed forest [a] 111.14 13.00 
321 Natural grassland 64.51 7.54 
323 Sclerophyllous vegetation 10.32 1.21 
324 Transitional woodland/shrubs 203.65 23.81 
331 Beaches, dunes, sand plains 2.18 0.25 
333 Sparsely vegetated areas 0.19 0.02 
511 Water courses 2.24 0.26 

  855.23 100 
[a] Forests [broad-leaved, coniferous, mixed] are not assigned with the same C coefficient values. Mixed forests are assigned with the lowest 
value, since they display varying hydrological characteristics. Broad-leaved forests are assigned with the highest value, thriving in areas of high 
soil moisture (infiltration–less runoff–less erosion). Coniferous forests are attributed with a mean value, thriving in areas where surface runoff is 
favored (less Infiltration–more dry soil–more erosion). 

 

Figure 11. Cover Management Factor (C) 
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2.2.5 Support Practice Factor (P)  

The support (or conservation) practice factor (P) is defined as the fractional amount of erosion 
that occurs when cultivation practices such as contour cultivation, strip cropping and terracing are 
used, compared to erosion that would occur without them. Improved tillage practices (e.g. crop 
rotation, organic fertilizing etc.) contribute to erosion control as well.  

In the present study, no relative information concerning such practices is available. Assuming 
that no preventing measures are taken, the P factor was assigned a value equal to 1.0 throughout the 
catchment area. 

3. RESULTS AND DISCUSSION 

Concerning the inter-annual implementation of the model, mean annual soil loss per unit area 
(mean annual gross erosion) was calculated equal to 23.49t ha-1 y-1 (or 2,349.07t km-2 y-1). Reduced 
to the catchment area the result corresponds to mean annual soil loss equal to 2.01Mt y-1. 

High risk erosion sites are located at the northern part of the catchment, while diffuse 
manifestations occur at its western and southern boundaries, as well as its lowlands (eastern part) 
near its outlet (Figure 12).  

Apart from the lowlands, high soil loss rates are mainly attributed to the relatively high values of 
the K coefficient (flysch bed rock), combined with the high values of the LS (high relief) and C 
(low vegetation cover) coefficients. At the lowlands, the corresponding K and C coefficient values 
are equally high, contrary to the LS ones which are considered fairly low and do not affect the result 
as much. Considering the spatial distribution of the R factor, although it has a major effect on soil 
erosion, it does not seem to contribute to the “formation” of areas of high susceptibility to erosion. 

 

 

Figure 12. Soil Loss per Unit Area (t/ha/y) 
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Only a fraction of the sediment produced within a catchment, reaches its outlet as sediment yield. 
This fraction is quantified by the sediment delivery ratio (SDR). In the present study SDR was 
calculated equal to 0.2291 (22.91%), using the Renfro (1972) empirical equation. The equation was 
chosen for having a widespread scientific acceptance and application.  

An attempt was also made to validate the aforementioned empirical result. To that end SDR was 
calculated analytically (as the ratio of sediment delivered at the basin’s outlet to gross erosion 
within the basin), attributing an almost identical value (0.2337 or 23.37%). The fraction numerator 
(548.89t km-2 y-1) was estimated using the catchment’s representative sediment discharge rating 
curve construction method, namely “broken line interpolation”. The latter was chosen among five 
different construction methods {(a) linear regression of the log-transformed variables, (b) linear 
regression of the log-transformed variables (Ferguson correction), (c) different ratings for the dry-
wet season of the year, (d) different ratings for the rising-falling limb of the runoff hydrograph, (e) 
broken line interpolation that uses different exponents for two discharge classes}, considering a 
statistical analysis executed in order to evaluate their performance (the broken line performs better, 
not only by meeting the desired criteria of most statistical indicators but also by being overall 
superior compared to the others). The denominator (2,349.07t km-2 y-1) is the catchment’s mean 
annual gross erosion, estimated by the implementation of the RUSLE model. 

SDR was then applied to the catchment’s mean annual gross erosion, estimating sediment yield 
(transported gross erosion) at its outlet (5.38t ha-1 y-1 or 538.17t km-2 y-1). Reduced to the catchment 
area, the result corresponds to mean annual soil loss equal to 0.46Mt y-1 (Table 5). The final results 
are significantly lower than the initial estimates, approaching quite satisfactory (yet 
underestimating) the observed (measured) values of mean annual sediment yield and discharge.  

 
Table 5. Annual; Inter-annual results 

 Sediment Discharge (Qs) Sediment Yield (SY) 
PPC RUSLE PPC RUSLE 

(Kg s-1) (t y-1) (Mt y-1) (Kg s-1) (t y-1) (Mt y-1) (t ha-1 y-1) (t Km-2 y-1) (t ha-1 y-1) (t Km-2 y-1) 
1965-66 14.88 469,255.68 0.47 14.49 456,933.02 0.46 5.49 548.69 5.34 534.28 
1966-67 29.37 926,212.32 0.93 17.57 554,016.63 0.55 10.83 1,083.00 6.48 647.80 
1967-68 21.44 676,131.84 0.68 13.46 424,508.69 0.42 7.91 790.58 4.96 496.37 
1968-69 19.56 616,844.16 0.62 14.88 469,290.22 0.47 7.21 721.26 5.49 548.73 
1969-70 23.53 742,042.08 0.74 13.49 425,341.08 0.43 8.68 867.65 4.97 497.34 
1970-71 27.83 877,646.88 0.88 13.04 411,161.80 0.41 10.26 1,026.21 4.81 480.76 
1971-72 22.54 710,821.44 0.71 14.70 463,569.45 0.46 8.31 831.15 5.42 542.04 
1972-73 14.09 444,342.24 0.44 13.92 439,049.60 0.44 5.20 519.56 5.13 513.37 
1973-74 23.11 728,796.96 0.73 13.01 410,306.33 0.41 8.52 852.16 4.80 479.76 
1974-75 9.64 304,007.04 0.30 11.49 362,345.61 0.36 3.55 355.47 4.24 423.68 
1975-76 10.07 317,567.52 0.32 12.84 404,849.51 0.40 3.71 371.32 4.73 473.38 
1976-77 16.62 524,128.32 0.52 12.42 391,769.51 0.39 6.13 612.85 4.58 458.09 
1977-78 21.56 679,916.16 0.68 12.72 401,286.72 0.40 7.95 795.01 4.69 469.21 
1978-79 32.07 1,011,359.52 1.01 16.01 504,972.52 0.50 11.83 1,182.56 5.90 590.45 
1979-80 33.06 1,042,580.16 1.04 20.15 635,435.05 0.64 12.19 1,219.06 7.43 743.00 
1980-81 25.68 809,844.48 0.81 16.70 526,650.31 0.53 9.47 946.93 6.16 615.80 
1981-82 20.08 633,242.88 0.63 17.48 551,259.26 0.55 7.40 740.44 6.45 644.57 
1965-82 21.48 677,393.28 0.68 14.59 460,261.58 0.46 7.92 791.99 5.38 538.17 

 
The model was also implemented at an annual time scale, following the same procedure. The 

fluctuation of the simulated values is attributed to the corresponding fluctuation of mean annual 
precipitation, since all other factors remain unchanged. The results are also underestimated 
throughout the whole time period, apart from the years 1965-66, 1972-73, 1974-75 and 1975-76. 
The model’s inconsistent behavior is attributed to the low variation of mean annual precipitation 
{directly affecting the climatic (R) factor}, as well as the corresponding high variation of the 
measured sediment yield and discharge values.   

The underestimation is primarily attributed to the model’s inherent shortcomings and limitations. 
The equation was developed using statistical techniques (regression analysis), based on field data of 
small land sites (mainly croplands or small catchments) in the US, with relatively similar climatic, 
topographic, geologic, soil, land cover and hydrologic characteristics. Thus, its application on 
catchment scale (where non-uniform conditions occur) is questionable. Additionally, it has 
ambiguous applicability outside the range of conditions for which its coefficients were calculated 
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and calibrated (where different climatic and topographic conditions occur), thus requiring long-term 
data to anew calibrate them for locations outside the original dataset. Furthermore, it estimates soil 
loss caused by splash; inter-rill; rill erosion but not by gully; stream-channel erosion, “discarding” 
significant procedures of sediment production. Finally, it calculates soil erosion by merely 
multiplying completely different factors, when in fact the erosion process cannot be simulated in 
such a simplified way (important aspects of the phenomenon such as sediment deposition, sediment 
routing as well as the sediment yield at the catchment outlet cannot be estimated).  

 

 
Annual Sediment Yield (t Km-2 y-1) 

 
Annual Sediment Yield (t Km-2 y-1) – bars  

 
Annual Sediment Discharge (Kg s-1) 

 
Annual Sediment Discharge (Kg s-1) – bars 

Figure 13. Annual results 

Moreover, the catchment’s specific characteristics {e.g. mainly mountainous with limited 
agricultural areas to which the model performs better, extensive vegetation cover denoting a 
strongly protective effect against soil erosion, relatively low precipitation erosivity, bed rock not 
prone to erosion (generally), rainfall–geological characteristics–topography–land cover pattern 
combinations that do not allow high erosion rates [e.g. high R factor values occurring at the center 
of the basin do not cause significant soil loss because of the corresponding low LS (mild slopes), C 
(vegetation cover) and K (“resistant” bed rock) factor values etc.]} play a decisive role to the 
underestimation of the measured results.  

4. CONCLUSIONS 

The main objective of this study is to apply the RUSLE to the Venetikos River catchment, in 
order to estimate soil erosion. The model’s performance was evaluated, both annually and inter-
annually (1965−1982), considering the sediment discharge measurements conducted by the PPC. 

A GIS-based evaluation was adopted, taking into account the spatial variation of the model’s 
individual factors as well the erosion processes occurring. The R factor calculation method was 
selected among different empirical formulas, considering the specific Greek climate conditions. The 
K and C factors were calculated considering the geological (IGME) and land cover (CORINE) 
maps, respectively. Their values were assigned after a literature review. The LS factor calculation 
was based on the catchment’s DEM. No relative information about the conservation practices 
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occurring in the catchment was available. 
The inter-annual results, although underestimated, approached quite satisfactory the observed 

sediment yield and discharge. The annual results are also underestimated throughout the whole time 
period, apart from the years 1965-66, 1972-73, 1974-75 and 1975-76. Since all other factors remain 
unchanged, the fluctuation of the annually simulated values is attributed to the corresponding 
fluctuation of the climatic factor (R), induced by the variations of precipitation.  

The model underestimated the observed results due to its “limited” capabilities {ambiguous 
performance when implemented on catchment scale (developed for small agricultural areas), 
disregard of significant sediment production sources (gully; stream-channel erosion) and procedures 
(deposition, sediment routing)}, as well as the catchment’s specific characteristics {limited 
agricultural areas to which it performs better, extensive vegetation cover, precipitation of low 
erosivity, resistant bed rock, rainfall–bed rock–topography–land cover combinations that do not 
allow high erosion rates}. 

Overall, the model performed quite satisfactory, allowing identification of the most susceptible 
to erosion areas. 
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