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Abstract

The generation of an easily adaptable method for erosion risk assessment is

important for management and conservation of the available resources in

developing countries. The study aims to assess the risk of soil erosion by using

an integrated, easy to apply, time- and money-conserving revised universal soil

loss equation-geographic information systems (RUSLE-GIS)-based model in

the Eastern part of the Mediterranean. Although the model showed a good

efficiency in predicting the annual soil loss (R2=0.68), the limited runoff–ero-

sion data warrant the need for long-term data to test and calibrate the model.

The model showed that 24% of the watershed area has an annual soil loss

exceeding the soil loss tolerance (SLT) of the area (5 Mg/ha). When all the

RUSLE factors were kept constant, except the C factor, the model showed the

highest soil loss potential under olive groves (20–30 Mg/ha), and the lowest

under wheat and barley (5 Mg/ha). The application of proper conservation

practices to these areas is thus important, i.e. reducing the number of tillage

and/or time of tillage practices.

Introduction

Land degradation by soil erosion has increased during the

last few decades, which is primarily the result of popula-

tion increase and their anthropogenic needs (Wakindiki &

Ben-Hur 2002). As much as 80% of the current degrada-

tion to agricultural land is caused by soil erosion (Angima

et al. 2003). Soil erosion caused significant changes in the

hydrology of different watersheds, which are also en-

hanced by social, economic and political changes (Pimen-

tel 2000). In addition, soil erosion affects the soil quality

and crop productivity negatively through its adverse

effects on the infiltration rate, water-holding capacity,

nutrient availability and organic matter content, soil

depth and soil biota (Pimentel 2000). It is estimated that

a rate of 17 tonnes/ha/year soil erosion would result in

the loss of 75 mm water, 15 kg available nitrogen,

2 tonnes organic matter and 1.4 mm reduction in soil

depth with an associated reduction in the water-holding

capacity (Pimentel 2000).

Assessment of land degradation, especially in the

developing countries of the Mediterranean, is difficult

due to the lack of data and financing for such an assessment.

As a result, proper conservation and management prac-

tices are difficult to adopt in these ‘at-risk’ watersheds

(Upadhyay 1991; Arhonditsis et al. 2002).

The soils of the Mediterranean region, as they are

today, are the result of multiple interactions that have

taken place for millennia between the natural processes

and the human activities that have prevailed in this

region. Since the Neolithic times, these human activities

had sometimes been beneficial (i.e. the development of

slopes into terraces, levees and irrigation and drainage

networks), but too often, these activities have led to more

or less advanced degradation (e.g. loss of organic matter,

destruction of soil structure, soil pollution), which have

often resulted in the worst cases such as the disappear-

ance of most of the fertile soil’s strata (Marsh 2003;

Thornes & Wainwright 2003).

Generally speaking, Mediterranean soils are fragile due

to several reasons, among which are the irregular and

often intense precipitations that enhance erosion; the

large hilly and mountainous area with high steepness that

accelerates soil erosion; the prevalence of high tempera-

ture that accelerates the mineralization of organic matter;

the absence of an adequate soil-protective plant cover due
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to the climate’s severity and man-made activities (over-

grazing, urbanization, exaggerated use of fertilizers and

pesticides, overexploitation of fire wood, bad manage-

ment and improper conservation practices, etc.) (Thornes

& Wainwright 2003).

Although the last two decades have witnessed the

development of different models for erosion risk assess-

ment, in this study, the revised universal soil loss equation

(RUSLE) was used to predict soil loss. The main reasons

are (i) RUSLE is easily adaptable to other environmental

conditions due to its simplicity, black-box characteristics

and its statistical relationships between input and output

variables (Morgan 1986; Soil and Water Conservation

Society 1994), (ii) RUSLE is a predictive tool used for

assessing land degradation by soil erosion on hillslopes as

well as on fields’ plots (Morgan 1986; Renard et al. 1996)

and (iii) the available data (i.e. type, quality and avail-

ability of agro-climatic and other short-term erosion plot

data for the study area) suggest the RUSLE as the most

appropriate model for erosion assessment among other

models.

Significant progress in watershed management, using

geographic information systems (GIS), has taken place in

the last 20 years. The progress has been accelerated by the

introduction of new improvements in GIS technologies.

The progress has also enhanced by the need for a user-

friendly, cost-effective and time-saving tool for the assess-

ment of soil erosion, the increase in the availability of

necessary input data (i.e. land use and cover data, eleva-

tion and other geo-morphological data), as well as ease of

attaining necessary data especially in developing coun-

tries, with limited finance for this purpose (Mellerowicz

et al. 1994; Molnar & Julien 1998). As a consequence, the

use of a RUSLE-GIS-based model is considered a good tool

for the identification of high erosion risk areas, in addition

to suggesting quick alternatives for the management and

conservation of endangered watersheds, and at the same

time paying attention to the unique characteristics of

these watersheds in modelling the potential of soil erosion

(Millward & Mersey 1999).

Application of the RUSLE-GIS-based model, in certain

watershed areas, offers an easy way to understand and

implement the functional view of the model on a micro-

scale level (Wischmeier & Smith 1978). The use of RUSLE,

accompanied by raster-based GIS layers, enabled the

model to predict erosion potential on a cell basis, which

is an effective tool to identify the spatial pattern of soil loss

on a microscale basis. This enabled the model to isolate

small areas with a high erosion risk in the watershed, and

identifying the role of individual RUSLE variables in

existing erosion potential (Millward & Mersey 1999).

The objective of this study is to use the RUSLE-

GIS-based model to assess the soil loss rate on a 5 m grid

cell basis. The specific objectives of the study are to (1)

classify the watershed study area in terms of the predicted

annual soil loss potential, (2) study the likely effectiveness

of using terraces and different canopy covers for soil

conservation, (3) identify the high-erosion risk areas in

the watershed and propose simple and low-cost conserva-

tion and management practices and (4) propose a simple

method to calculate the rainfall erosivity factor of the

RUSLE, based on available data in the area.

Methods

Study area

The study area is a small watershed in the Central

Palestinian Highlands. The watershed represents a natu-

rally bound and manageable area within which soil

erosion can be modelled. It extends over diverse climatic

and geomorphologic characteristics. It is characterized by

a typical terrestrial Mediterranean ecosystem, especially

the western part of the watershed.

In general, the area is characterized by shallow soil

(o50 cm), a moderate to steep slope and limited water

and land resources for agriculture. This deficiency has

been compensated by the construction of an extensive

system of old terraces, aiming to conserve soil moisture

and minimize soil erosion in order to suite the land for

agricultural purposes.

The watershed has a total area of 8126 ha, and is

located 6 km south-east of the Ramallah District in the

Palestinian Autonomous area (Fig. 1). The elevation

ranges from � 150 m below sea level to 1000 m above

sea level (Fig. 1). A well-marked summer and winter

season characterizes the area. The mean annual rainfall

ranges from 600 mm in the western area to 166 mm in the

eastern area of the watershed. More than 90% of the

annual rainfall occurs in the winter from October to April

(Ministry of Transport 1998), and no rain falls during the

summer. The mean monthly temperature is 17.1 and

22.4 1C in the western and the eastern part, respectively.

July, August and September are the hottest months of the

summer time (Ministry of Transport 1998). Because of the

prevalence of high temperature, high mean annual po-

tential evapotranspiration exists, which ranges from 861

to 1223 mm in the western and eastern areas, respectively

(Land Research Center 1999). According to the United

States Department of Agriculture (USDA) classification,

the soil temperature and moisture regimes are thermic

(the mean annual soil temperature is between 15 and

22 1C) and xeric (moist and cool winter and warm

and dry summer), respectively, in the western area, and

hyperthermic (the mean annual soil temperature is 22 1C

or higher) and aridic (dry soil in all parts for more than

Water and Environment Journal (2009) c� 2009 The Author. Journal compilation c� 2009 CIWEM.2

Watershed erosion risk assessment in the Mediterranean environments A. Abu Hammad



half of any year and with a soil temperature of more than

5 1C at 50 cm depth) in the eastern area (Soil Survey Staff

1998; Goldreich & Karni 2001; Sternberg & Shoshany

2001). The geological formation consists mainly of lime-

stone, marl and dolomite dated to the Turonian age (Abed

1999). According to USDA classification, the soil of the

western part of the watershed is classified as xerorthent

(Dan et al. 1976; Land Research Center 1999), which is a

recently formed soil that has a shallow depth of o50 cm

(Buol et al. 1980), with a silty loam of the surface

(0–15 cm) and a silty clay loam of the subsurface. The soil

of the eastern part of the watershed is classified as

natrargid; the surface and subsurface layers are sandy clay

loam with many surface appearances of rocks and stones.

This soil is also dry for more than 50% of most years and is

not moist for as much as 90 consecutive days (Buol et al.

1980). The soil depth of both major soils varies according

to the location: o50 cm in the hilly and steep areas, and

more than 100 cm in low inclination areas.

Soil analysis and rainfall measurements

Ten soil samples were analysed for the watershed area.

These soil samples represent the three major soil types of

the area: aridisols, entisols and inceptisols. Soil organic

matter content was analysed using the Walkley–Black

method (Nelson & Sommers 1982), whereas soil particle

size distribution was determined using the pipette method

(Bouwer 1986). Two replicates for organic matter and

particle size were carried out for each sample; the average

was used for different calculations of the RUSLE factors.

Rainfall measurements were collected from three auto-

matic rain stations, one inside the watershed and the

other two within 5 km of its boundary. The rain stations

are 0.2 mm tipping bucket devices, connected to a recor-

der data logger measuring rainfall at 30-min intervals.

Along with the other three automatic stations, an addi-

tional five manual stations, located within a 10 km radius

of the watershed boundary, were used to create a rainfall

erosivity grid surface for the whole watershed.

The RUSLE

RUSLE is an empirically based model, which has been

developed for both natural and simulated runoff plots. Its

simplicity and statistical relationships between input and

output variables make it adaptable to other environments

(Morgan 1986; Soil and Water Conservation Society
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Fig. 1. Location map of the study area and a surface elevation 3D model of the watershed area.
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1994). RUSLE uses large experimental databases to calcu-

late different factors of the model (Wischmeier & Smith

1978). These databases have been developed for a unit

plot 22 m (72.6 ft) long and 1.8 m (6 ft) wide, with a 9%

slope, and is continuously in a clean-tilled fallow condi-

tion with tillage performed in the upslope–downslope

direction (Wischmeier & Smith 1978; Renard et al. 1996).

The general equation of RUSLE is (Wischmeier & Smith

1978; Foster et al. 2002):

A ¼ R� K � LS� C � P; ð1Þ

where A is the average soil loss (Mg/ha/year), R is the

rainfall erosivity factor (MJ mm/ha/h/year), K is the soil

erodibility factor (Mg h/MJ/mm), L is the slope length

factor, S is the slope steepness factor C is the cover and

management practice factor and P is the support practice

factor.

Derivation of different RUSLE factors is documented in

different literatures (Wischmeier & Smith 1978; Morgan

1986; Moore & Wilson 1992; Soil and Water Conservation

Society 1994; Renard et al. 1996; Loureiro & Coutinho

2001; Foster et al. 2002). However, the recent advance-

ment in GIS technology has made the derivation of some

RUSLE factors easier, more accurate and less time con-

suming, specifically for those related to the slope length

and steepness factor (Desmet & Govers 1996; Nearing

1997).

Rainfall and RUSLE R factor

In general, the area lacked the detailed climatic data

necessary for the calculation of the rainfall erosivity factor

as described by the RUSLE procedures. Hence, correlation

of the 30-min rainfall data, available from the three

automatic stations, with other available monthly data,

would be helpful for calculation of the RUSLE R factor. To

achieve this, the available rainfall erosivity (EI30), based

on 30-min measurements for the three stations during

1999, 2000 and 2001, was calculated on a daily basis. The

daily EI30s were summed up for each month, station and

year. A polynomial regression analysis between the cal-

culated monthly rainfall erosivity and the long-term

average monthly rainfall (20 years average), which was

available from the five manual rain stations, was carried

out. The regression revealed a highly significant (Po0.01)

relationship between the monthly average rainfall and

the monthly rain erosivity factor for the area in question

(Fig. 2). This equation provides a useful relationship for

the application of RUSLE in this watershed area as well as

other similar areas. The regression equation was used to

determine the monthly rainfall erosivity (EI30) for the

eight stations in the watershed area; the monthly EI30s

were summed up for each station to allocate the annual

rainfall erosivity (R) of each. These data, along with the

location of the rain stations (Fig. 3a), were used to create a

rainfall erosivity grid surface (Fig. 3b), using ArcView

spatial analyst (Applegate 1999), for the whole watershed

area. The delineation of each area, with its specific R

factor, forms the basic input for RUSLE-GIS model to

calculate the annual soil loss.

A detailed view of the 20-year monthly average rainfall

erosivity, for the western part of the watershed with a

mean annual rainfall of 451–500 mm (Fig. 3a), revealed

that 77% of the total rainfall erosivity occurs from

December to March (Fig. 4). During this period, the

canopy cover was almost negligible (Fig. 4), leaving the

soil surface unprotected against raindrop impact, there-

after, resulting in a high risk of erosion during these

months. This necessitated the application of certain man-

agement practices, especially during this critical period,

which would minimize runoff and erosion and conserve

more soil moisture for better plant growth.

Soil erodibility factor (K) and K surfaces

The derivation of the soil erodibility factor followed

procedures similar to the R factor. The locations of the 10

soil samples were assigned spatially, according to the

different major soil types in the watershed (Fig. 3c). The

K factor was calculated according to Eq. (2) used by

RUSLE (Renard et al. 1996):

K ¼½2:1� 10�4ð12� OMÞM1:14 þ 3:25ðS� 2Þ
þ 2:5ðP � 3Þ�=100;

ð2Þ

where K is the soil eordibility (Mg h/MJ/mm), M is the

silt% (0.002–0.1 mm)� (%silt+sand), S is the class of the
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Fig. 2. Nonlinear regression relation between monthly rainfall erosivity

and the long-term average monthly rainfall for the study area.
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structure (1–4), P is the permeability class of the soil (1–6)

and OM is the soil organic matter (%).

The calculated point K factors were assigned spatially,

and were used to create a soil erodibility grid surface for

the whole watershed area (Fig. 3d), using ArcView spatial

analyst (Applegate 1999). The K surface showed a range of

0.012–0.032 Mg h/MJ/mm. To ensure accuracy, five K

surface points, which were extracted from the interpola-

tion of RUSLE-GIS calculated K points, were compared

with five K point soil samples calculated using the RUSLE

procedure [Eq. (2)] mentioned before. The result indicated

a good approximation of the point surface K factor to the

RUSLE-calculated point K factor. The standard error of

estimate between the point and the surface K factor is

4.5� 10� 4 Mg h/MJ/mm, which is small compared with

the mean K value with an acceptable level of accuracy.

Watershed boundary Watershed boundary

Watershed boundary
Annual k-factor

0.012
0.012 – 0.014
0.014 – 0.016
0.016 – 0.018
0.018 – 0.02
0.02 – 0.022
0.022 – 0.024
0.024 – 0.026
0.026 – 0.03
0.03 – 0.032

4 0 4 8 km

Mean annual R-factor (MJ mm/ ha h)
230 – 240
241 – 260
261 – 280
281 – 300
301 – 330
331 – 350
351 – 370
371 – 390
391 – 410
411 – 440

4 0 4 8 km

Watershed boundary

Locations of soil sample

Major soil types
Aridisols

N

Entisols
Inceptisols

4 40 8 km

Weather station
Mean annual rainfall (mm)

200
201 – 250
251 – 300
301 – 350
351 – 400
401 – 450
451 – 500
501 – 550
551 – 600

4 0 4 8 km

(a) (b)

(c) (d)

Fig. 3. Mean annual rainfall with the location of rain stations (a), annual rainfall erosivity surface (b), major soil types with the location of the soil samples

(c) and the annual created soil erodibility surface factor for the watershed area (d).
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The digital elevation model (DEM) and RUSLE LS
factor

The derivation of the LS factor for RUSLE depended on

the generation of a 5 m DEM. The DEM creation was

based on digitizing 25 m contour lines, which is an

attribute of a 1 : 20 000 topographic map of the study area.

This vector elevation map was converted to a DEM raster

map (Fig. 5a) and projected using the Universal Trans-

verse Mercator Zone 36 North with a Datum of WGS84.

The derivation of the DEM surface utilized the spatial

analyst 1.0a technique of ArcView GIS 3.2 (Applegate

1999). Consequent derivation of the slope steepness

factor (Fig. 5b) used the procedure of spatial analyst that

was described by Engel (1999).

The slope length factor (l) was estimated using the flow

accumulation grid file, which was created by using the

hydrologic modelling extension 1.1 of ArcView GIS 3.2

(Fig. 5c), following the procedures cited by Engel (1999).

The maximum allowable slope length (l) derivation was

limited to the maximum slope length allowed by the

RUSLE, which is 300 ft or 90 m equivalent (Wischmeier

& Smith 1978). The derivation of slope length, using

ArcView spatial analyst, is based on the theoretical back-

ground documented by Moore & Wilson (1992). The

method assumed that the slope length (l) is equivalent

to the area upslope that is contributing to erosion per unit

width of contour. In other words, it is equivalent to the

specific catchment’s area (As) presented as m2/m.

Watershed boundary (a) (b)

(c) (d)Watershed boundaryN Watershed boundary
LS-factor

0 – 3.4
3.4 – 6.9
6.9 – 10.3
10.3 – 13.7
13.7 – 17.2
17.2 – 20.6
20.6 – 24
24 – 27.5
27.5 – 30.9
30.9 – 34.3
No data

Slope length - L (Cells)
0 – 1.8
1.8 – 3.6
3.6 – 5.4
5.4 – 7.2
7.2 – 9
9 – 10.8
10.8 – 12.6
12.6 – 14.4
14.4 – 16.2
16.2 – 18
No data

Watershed boundary
Slope steepness (S) -degrees

0 – 6
6 – 12
12 – 19
19 – 25
25 – 31
31 – 37
37 – 44
44 – 50
50 – 56
56 – 62
No data

DEM
−146 – −28
−28 – 89
89 – 207
207 – 324
324 – 442
442 – 560
560 – 677
677 – 795
795 – 912
912 – 1030
No data

4 0 4 8 km

4 0 4 8 km
4 0 4 8 km

4 0 4 8 km

Fig. 5. A 5 m created digital elevation model (DEM) (a), revised universal soil loss equation (RUSLE) slope steepness factor (b), RUSLE slope length factor

(c) and RUSLE slope length-steepness (LS) factor for the watershed area (d).
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To estimate the accuracy of the DEM created, as well as

the slope steepness factor created by spatial analyst, 20

well-distributed random points were taken, where the

original elevation and slope steepness were measured

from the elevation contour lines map and from a field

survey, respectively. The estimated elevation and slope

steepness were extracted from the DEM and the slope-

steepness grid file, respectively. The standard error of

estimate between the measured and the estimated points

for the elevation is 0.59 m, whereas that of the slope

steepness is 0.531. This emphasized the accuracy of the

generated DEM and the close relationship of the derived

slope steepness and length with the actual measured

ones. With a wide range of slope steepness (0.02–50.001)

and elevation (� 200 up to 1000 m) in this small wa-

tershed area, the resultant error of the interpolation

technique is deemed to be acceptable. In addition, the

resultant output seems to be accurate and reflects reality.

The final estimation of the RUSLE LS factor took

advantage of the theoretical and technical procedures

described by Moore (Moore & Burch 1986a, b; Moore &

Wilson 1992). Equation (3) was used to compute the LS

factor (Moore & Wilson 1992; Engel 1999):

LS ¼ ðAs � cell size=22:13Þ0:4 � ½sin y=0:0896�1:3; ð3Þ
where As is equivalent to the derived slope length (l) from

the DEM (Fig. 5c), the cell size is unit less and equals to

that used in the DEM (5 units) and y is the slope steepness

(S) derived from the DEM (Fig. 5b). Application of the

previous equation to calculate the final RUSLE LS factor

produced the corresponding LS factors for different cells of

the DEM (Fig. 5d).

The land cover and RUSLE C factor

The land cover map utilized a geo-referenced Landsat

Thematic Mapper (Landsat TM) image for the whole area

and its surroundings, as of March 2000. This date is

important in that it shows all possible combinations of

winter season land cover, since the winter plantation

began in November and was harvested in June, although

all the green coverage of the winter plantation was easy to

differentiate at this time (March). The computer-aided

analysis and interpretation of the Landsat TM was per-

formed using ERDAS Imagine 8.2 software (ERDAS Inc.

1995). The work was performed using a multiwindow

environment; thus, the image of an area could be pre-

sented in various compilations of spectral bands. The

smallest cell size mapped using Landsat TM was

25 m� 25 m. To check the land cover accuracy and deli-

neation of different land uses 1 : 20 000 black and white

aerial photographs were used. This will lend more accu-

racy to the Landsat TM data by establishing a linkage with

detailed ground-truth data extracted from aerial photo-

graphs. The results of the aerial photograph land cover

comparison with those of the Landsat – land cover data

revealed more than a 95% match.

The RUSLE C factor is a measure of the cropping and

management practices’ effect on soil erosion (Renard et al.

1996). For RUSLE to generate a C factor for different

management practices, data on the type of crop, preplant-

ing preparations, planting date, crop growth stages, har-

vest date and other plant characteristics are required

(Foster et al. 2002). These data were obtained from field

experimentation as well as from field visits to the area.

Analysis of the Landsat TM, along with its verification

by aerial photographs, revealed two major crops in the

watershed: wheat and barley, and olive groves (Fig. 6a).

Five-year observations of the management practices in

the area showed that farmers were using the entire

residue, especially those related to wheat and barley, for

grazing animals. This would leave a minimal amount of

plant residue on the soil surface. The main management

Watershed boundary

Existing support practices

Areas with terraces 0.55
1.00Areas without support practices

RUSLE P-factor

Land cover

N

Bare land
Natural grassland
Olive groves
Urban area
Wheat & barley

4 0 4 8 km

4 0 4 8 km

1.00
0.44
0.62
0.00
0.39

RUSLE C-factor

(a)

(b)

Fig. 6. Existing land use in the watershed area with the revised universal

soil loss equation (RUSLE) C factor and different land cover category (a),

and areas with terrace support practice with the RUSLE P factor (b).
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practice was the use of chisel plow at the beginning of

October for wheat and barley plantations. The chisel plow

was used three times for olive grove plantations: one in

November after harvesting and before winter, the second

in March for weeding and the last is in May, also for

weeding. Plant heights were measured in situ at different

growth stages, especially for wheat and barley.

According to RUSLE, the C factor must be calculated

according to the proportion of the R factor on a half-

monthly basis (Renard et al. 1996). The application of

RUSLE programme, for cereal (wheat and barley) and

olive plantations, implied feeding the RUSLE database

with the existing management practices and plant canopy

characteristics. The RUSLE database performed a cyclic

iteration at 15-day intervals for the calculation of different

soil loss ratios (SLR) (Wischmeier & Smith 1978; Morgan

1986; Moore & Wilson 1992; Soil and Water Conservation

Society 1994; Renard et al. 1996; Loureiro & Coutinho

2001; Foster et al. 2002). Summing up the 24 half-

monthly SLR resulted in the C factor for the correspond-

ing crop (wheat and olive). The results for both types of

crop are shown in Table 1. The C factor for bare land was

set to unity with the lowest cover effect on soil erosion,

whereas that for urban areas was given a nil value; thus,

all the urban areas would be excluded from the final

calculation of soil erosion (Wischmeier & Smith 1978;

Morgan 1986; Moore & Wilson 1992; Soil and Water

Conservation Society 1994; Renard et al. 1996; Loureiro

& Coutinho 2001; Foster et al. 2002). For natural grass-

land, the C factor was assumed to be similar to that of

cereals, with the exception that its canopy cover is less,

thus resulting in a higher C factor (Fig. 6a).

The support practice map and RUSLE P factor

The effect of contouring, tillage practices and terracing on

soil erosion is described by the support practice (P) of the

RUSLE (Renard et al. 1996; Foster et al. 2002). For the

watershed in this study, the only support practice was

terracing, which affects sheet and rill erosion by breaking

the slope length into shorter distances, decreasing runoff

and the associated erosion (Wischmeier & Smith 1978;

Renard et al. 1996; Foster et al. 2002). The RUSLE

computation of P factor depended on the spacing between

terraces (Wischmeier & Smith 1978; Renard et al. 1996;

Foster et al. 2002). Maximum benefit (reflected by the P

value) of terracing was assigned for a spacing of 110 ft or

33.5 m (Renard et al. 1996). An increase in the spacing

above this value would cause a gradual increase in the P

value, indicating a lower efficiency for terraces in redu-

cing runoff and erosion (Wischmeier & Smith 1978;

Renard et al. 1996; Foster et al. 2002).

Intensive field observations showed that all the terraces

in the watershed area had a gentle slope (0–3%), a

spacing of o33.5 m and with underground outlets. The P

factor for such specifications was assigned a value of 0.55

by the RUSLE (Wischmeier & Smith 1978; Renard et al.

1996; Foster et al. 2002).

To delineate areas with terracing practice in the wa-

tershed area, a set of 1 : 20 000 rectified black and white

aerial photographs was used. Analysis of these photographs

resulted in the identification of all the areas with terracing

(Fig. 6b). Areas without support practices have been as-

signed a unit P factor. The resultant support practices’ map

and the associated P factors were used to generate a P-factor

grid surface, utilizing ArcView spatial analyst.

Testing the RUSLE-GIS model with runoff–erosion
plots’ data

In order to test the RUSLE-GIS model for efficiency, a set

of 12 runoff–erosion plot was used. The 12 plots repre-

sented two main land uses: wheat plantation and bare

land, with an annual rainfall of 488 mm. Erosion

Table 1 Half month soil loss ratio (SLR) generated from the RUSLE

simulation for both wheat–barley and olive plantation in the study area

Months Period %EI30�

SLRXEI30�

Wheat and

barley��

SLRXEI30�

Olive

groves��

January 1–15 34.4 0.1133 0.1216

16–31 20.1 0.1039 0.2344

February 1–15 14.8 0.0793 0.1200

16–28 0.1 0.0004 0.0142

March 1–15 7.2 0.0277 0.0773

16–31 8.0 0.0326 0.0410

April 1–15 3.4 0.0146 0.0000

16–30 0.0 0.0000 0.0000

May 1–15 0.0 0.0002 0.0000

16–31 0.0 0.0000 0.0000

June 1–15 0.0 0.0000 0.0000

16–30 0.0 0.0000 0.0000

July 1–15 0.0 0.0000 0.0000

16–31 0.0 0.0000 0.0000

August 1–15 0.0 0.0000 0.0000

16–31 0.0 0.0000 0.0000

September 1–15 0.0 0.0000 0.0000

16–30 0.0 0.0000 0.0000

October 1–15 0.0 0.0000 0.0000

16–31 0.0 0.0000 0.0000

November 1–15 0.6 0.0000 0.0000

16–30 4.2 0.0027 0.0009

December 1–15 5.6 0.0079 0.0044

16–31 1.6 0.0028 0.0025

Annual C factor 0.3900 0.6200

�Values are the average of 5 years.
��Values are the average of 2 years.

RUSLE, revised universal soil loss equation.
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measurements were performed in six field experimental

plots with 2 m� 15 m and a 3% slope for each land use. In

each land use, six random values of the predicted soil loss,

using the RUSLE-GIS model, were chosen to conduct

model testing. The values that were chosen represented

conservation and management practices, geomorphologic

and climatic characteristics that were almost similar to the

actual runoff–erosion plots. Different regression analysis

was conducted using the procedures of MINITAB (MINI-

TAB statistical software release 13.0).

Results and discussion

Average annual soil loss from the watershed area

The RUSLE equation was run using the different grid

surfaces created by ArcView spatial analyst. In order to

ease the presentation of the output data, the map showed

two main categories (Fig. 7), � 5 and 45 Mg/ha. The

largest size among soil loss categories was that of 0–5 Mg/

ha/year (Fig. 7).

Soil loss tolerance (SLT) is a commonly used term in soil

erosion studies. SLT denotes the maximum allowable soil

loss that will sustain an economic and a high level of

productivity (Wischmeier & Smith 1978; Renard et al.

1996; Foster et al. 2002). The normal SLT values range

from 5 to 11 Mg/ha/year (McCormack & Young 1981;

Mati et al. 2000). The assignment of a range depended on

the judgement of how much erosion would be harmful to

the soil. Consequently, soils with a shallow depth and a

fragile ecosystem were assigned the lower level of SLT

(Foster et al. 2002). For soils with a large depth and good

physical characteristics, the upper limit of SLT was used.

In the study area, most of the soils’ types had a shallow

to moderate depth (o100 cm), with low organic matter

(1–3%) and weak aggregates. For this reason, the lower

limit of SLT would be used to assess the high erosion risk

areas. Areas with higher soil loss potential than the SLT

are shown in Fig. 7. Categorization of different erosion

potentials followed the FAO basic classification of deserti-

fication (FAO and UNEP 1984), with some modification

to suit the uniqueness of the area in question (Table 2).

The total area with a soil loss potential higher than the

SLT was 1916 ha (Table 2 and Fig. 7), comprising 23.6% of

the total watershed area. This area can be subdivided into

694.6 ha, which comprises 8.6% of the total area,

884.3 ha with 10.9%, 170 ha with 2.1% and 166.6 ha

with 2% of the total area, for bare land, natural grassland,

wheat and barley and olive groves, respectively (Table 2).

For soil loss o5 tonnes/ha, natural grassland had the

largest area (37.3% of the total area) among other land

uses, followed by bare land (16.5%), with the smallest

area assigned to both wheat and olive groves (11.3 and

11.4%, respectively). In general, and for both categories of

soil loss ( � 5 and 45 tonnes/ha), natural grassland had

the largest area that contributed to soil erosion, whereas

olive and wheat plantations had the smallest area (Table 2).

The main reasons could be: (i) grassland occupied the

largest area of the watershed among other land uses,

although contributing more to both categories of soil loss,

(ii) most of the grassland areas had sporadic and weak stand

Table 2 Different ordinal categories of annual soil loss potential with the total area, proportion from the watershed and erosion potential category

Annual soil loss range (Mg/ha) Erosion potential

Land use (ha)

Wheat and

barley Olive groves Area (ha) Total area (%)Bare land

Natural

grassland

0–2.5 Slight 1316.9 2683.6 798.6 849.9 5649.0 69.5

2.5–5.0 Moderate 22.4 345.3 118.6 75.2 561.5 6.9

5.0–10.0 High 91.2 481.6 100.6 109.6 783.0 9.6

10.0–40.0 Extreme 524.6 395.5 68.0 56.9 1045.0 12.9

4 40.0 Very extreme 78.8 7.2 1.4 0.1 87.5 1.1

Area (ha) 2033.9 3913.2 1087.2 1091.7 8126

Total area (%) 25.0 48.2 13.4 13.4

Watershed boundary
Annual soil-loss (Mg/ha)

0 – 5
> 5
No data

N

4 0 4 8 km

Fig. 7. The annual soil loss categories predicted by revised universal soil

loss equation-geographic information systems, as compared with the soil

loss tolerance level (5 Mg/ha).
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plant surface cover that is the result of the prevalence of

long drought periods, hence providing minimum protec-

tion against raindrop impact and (iii) a large area of the

grassland located in zones with a high slope (12–301) and a

comparatively high amount of rainfall (4300 mm).

A cell-by-cell analysis of the soil loss surface map

showed that, when all the RUSLE factors were kept

constant, the average soil loss potential in wheat was the

lowest (5 Mg/ha), followed by grass, with an average of

10 Mg/ha and a maximum that could reach 20–30 Mg/ha

in olive groves. The main reasons for the higher soil loss in

olive plantation could be (i) the prevailing tillage and

management practices, where three tillage operations

were being performed at critical periods of intense rainfall

events, resulting in a weak soil surface with readily

available and loose soil particles for erosion and (ii) large

spacing (410 m) between trees, leaving large intertree

areas exposed to direct rainfall impact.

The results indicated herein compared well with actual

plot experimental results located in the upper western

part of the watershed, where it has been found that

the average annual measured soil loss ranges from 2 to

4 Mg/ha in an erosion plot experiment with bare land and

wheat cultivation (Abu Hammad et al. 2004). The results

also fit well with an assessment of soil erosion performed

in the northern part of Iraq, where similar areas had an

average annual soil loss of 5 Mg/ha (Hussein 1998). In

general, the results followed the same trend as in other

similar areas of the Mediterranean, where the average

annual soil loss was estimated at 20 Mg/ha (Martinez-

Casasnovas et al. 2002).

Most of the areas having soil loss higher than 5 Mg/ha

were located in the eastern part; some were in the

western part of the watershed (Fig. 7). A detailed investi-

gation showed that the most pronounced RUSLE factor

that enhanced soil erosion and caused high soil loss

potential was the slope length (L) and steepness (S)

factors (Fig. 5b and c). The majority of the areas that had

soil loss higher than 5 Mg/ha were accompanied by a

length factor greater than five cells (equivalent to l of

25 m) and slope steepness (y) 4121. Besides, areas with

soil loss 45 Mg/ha, in the western part of the watershed,

were accompanied by a relatively higher soil erodibility

factor (K40.018 Mg h/MJ/mm) and rain erosivity factor

(R4300 MJ mm/ha/h), which resulted in higher soil loss

as compared with the surrounding areas.

The annual soil loss values generated by the RUSLE

model were subjected to errors, which were inherent in

the different data layers created by ArcView GIS. Some of

these included errors in digitizing the contour map, soil

layer, land cover as well as the support practices (terra-

cing) from aerial photographs. The processing of these

different layers, by multiplication, into ArcView would

then magnify the error term. Nevertheless, the subdivi-

sion of the watershed into small cells (25 m2) increased

the accuracy of RUSLE prediction and enabled the point-

specific identification of areas with a high erosion poten-

tial. Different scales of the GIS layers that were used in the

model could also produce errors in the model and

decrease its accuracy. Besides, the RUSLE model was

originally developed for different geomorphologic and

climatic conditions and for long-term time periods, which

were not met in this study, and hence resulted in more

limitations to model predictability.

However, the assessment could be a valuable tool for

planning successful and sustainable management prac-

tices, especially for those areas with severe erosion poten-

tial. The assessment would be particularly useful in poor

countries with limited financial and technical resources,

because it provided a quick, efficient and targeted re-

search output, aiming at the implementation of soil

conservation measures in areas with the greatest impacts

on soil erosion mitigation.

The sediment delivery is defined as the amount of

sediment delivered to surface water from the total

amount of erosion occurring in the watershed (Fernandez

et al. 2003). The sediment delivery ratio is the ratio of the

amount of sediment delivered to surface waters to the

total amount of erosion occurring in the watershed. This

ratio indicates the transport capacity of sediment in the

watershed and is inversely proportional to the flow

distance to streams (Fernandez et al. 2003): as the distance

to the stream decreases, there will be an increase in the

sediment delivery ratio, whereas a smaller sediment

delivery ratio resulted from a longer flow distance. The

small distance to the stream that is characterized in the

watershed study area (the watershed dimensions are

approximately 5 km width and 15 km length) is an indica-

tion of a high sediment delivery ratio. Field observations

throughout the watershed area have shown that sheet

and interrill erosion is prominent in slightly to moderately

sloped areas of the watershed. These areas are mainly

concentrated in the northern and western parts of the

watershed. The highest soil erosion damage arises from

gully and rill erosion, especially in the eastern-steep part

of the watershed, where concentration of the overland

flow occurs from the upper part of the watershed.

Unfortunately, it was not possible to measure rill and

gully erosion in the small experimental plots that have

been set up. This high rate of erosion supports the high

sediment delivery ratio assumption.

Finally, the identification of areas with high soil loss

potential (Fig. 7) necessitated the application of certain

conservation and management practices. Although the

use of terraces was effective in reducing erosion, farmers

cannot afford the high cost of their construction, in
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addition to the difficulties encountered as a result of their

constructions in steep and hilly areas. Cheap, easy, prac-

tical and affordable methods to farmers, in order to

control the high soil loss rate, are important. One alter-

native could be the use of stone lines to break the slope

length into shorter distances, reducing the overland flow

velocity and the associated soil erosion (Gritchley et al.

1994). The use of contour tillage and grass strip barriers

could be another practical solution. This practice would

reduce the effect of slope steepness and length by coun-

teracting the overland flow direction, reducing its velo-

city, providing surface protection against raindrop impact

and forming barriers to trap eroded soil particles along the

slope (Renard et al. 1996; Goldreich & Karni 2001;

Angima et al. 2003).

Generally, the removal of plant residue, plowing the

olive groves several times, the lack of vegetative cover

during the critical period of rainfall with high erosivity

and the lack of support practices (contour planting, strip

cropping and other vegetative barriers), which could

reduce the effect of runoff on steep areas, should all be

avoided in the high soil loss potential areas, which have

been identified in our assessment.

On changing one or more of the above-mentioned

practices, a check should then be undertaken to test for

efficiency. This process can be carried out easily by

adjusting the RUSLE-GIS database and rerunning the

model, which will indicate the efficiency of every man-

agement and conservation practice, and will ensures that

the most efficient, practical and cheaper one will be

adopted in the area.

Testing the RUSLE-GIS model

Because RUSLE has been developed under agro-climatic

conditions different from those of the study area, testing

the model for its suitability to the local conditions of the

study area is important. RUSLE has been found to over-

estimate the annual soil loss in the study area by three

times (Abu Hammad et al. 2004). The adjustment of the

different factors of the RUSLE, particularly the K, C and P

factors, yielded values of the RUSLE-predicted soil loss

that were close to the actual measured ones (Abu Ham-

mad et al. 2004). However, adoption of the adjusted

RUSLE factors in the aforementioned study is not possible

in the current study due to the following reasons: (i)

calibration of RUSLE factors is specific to the small

runoff–erosion plots’ experimental area, which implies

deviation of the RUSLE factors in other locations of the

study area that have different agro-climatic conditions,

(ii) only limited erosion data were available with limited

climatic data records, which makes the extrapolation of

the adjusted RUSLE to large watershed area inaccurate

and (iii) if the adjusted RUSLE was adopted on a wa-

tershed level, it would have been difficult to compare the

results of this study with other similar studies, knowing

that most of these studies have applied the RUSLE with-

out any calibration and adjustment.

Figure 8 shows the annual measured soil loss with the

RUSLE-GIS-predicted soil loss. In general, the RUSLE-GIS

model overestimated the measured soil loss by 21% (2.25

and 1.85 Mg/ha for the two respective methods), which

was applicable for bare land and wheat cultivation (Fig.

8). The main reasons for this deviation may be (i) the

model predicted the annual soil loss on a monthly rainfall

erosivity R factor, without taking into consideration the

variability within and among different rainfall events, and

hence, the model neglected the effect of inter–intra

variability of rainfall events with the associated R

factor (Mulligan 1998), (ii) although the soil erodibility K

factors were derived from actual measurements, the

interpolation method used to derive the K factor did not

account for the spatial variability of soils within the

watershed area (Renschler et al. 1999; Wang et al. 2002),

(iii) errors related to the derivation of the topographic

factor, which did not account for a concave–convex type

topography, and as a consequence, it overestimated soil

loss for the concave topography and underestimated it for

convex one (McCool et al. 1987) and (iv) the digitizing

and multiplication errors resulted from the different GIS

layers that were included in the model.

This study showed that RUSLE-GIS overestimated the

measured soil loss by 21%, whereas a previous study

showed that RUSLE overestimated the actual measured

soil loss by three times (Abu Hammad et al. 2004). The

reasons for the differences in prediction between both

Fig. 8. Field-plots annual soil losses and the predicted revised universal

soil loss equation-geographic information systems (RUSLE-GIS) annual

soil losses for both wheat cultivation and fallow plots.
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studies may be as follows: (i) the current study utilized the

20-year monthly average rainfall for the calculation of the

rainfall erosivity factor (R), whereas the previous study

used the 30-min rainfall measurements, which yielded on

R factor two times lower than that in the previous study,

(ii) the current study did not account for the spatial and

temporal variability in soil, climate and plant coverage,

especially in this large watershed area with heteroge-

neous characteristics and (iii) in this study, only limited

erosion data were available and for a specific location of

the watershed, which are not enough for testing the

accuracy of the model on a watershed level.

The efficiency coefficient of the model (R2) is a measure

of the model performance, which excludes the influence

of different scales of output values on the model perfor-

mance and accuracy (Refsgaard 1997; Christiaens &

Feyen 2001). R2 is a measure of the deviation of predicted

values from the measured ones. R2 is calculated according

to the following equation (Nash & Shutcliff 1970;

Christiaens & Feyen 2001):

R2 ¼
X
ðQmeasured � Qmeasured-meanÞ2

�h

�
X
ðQpredicted � QmeasuredÞ2

�
=

X
ðQmeasured � Qmeasured-meanÞ2

i
:

ð4Þ

Regardless of the different limitations in the model that

were mentioned previously, the calculation of R2 indi-

cated a good efficiency of the model (R2=0.68) under the

current circumstances. To minimize the aforementioned

limitations and increase the accuracy of the model, it is

recommended to conduct more detailed investigations,

aiming at the derivation of long-term and more accurate

RUSLE factors. The final output of such investigations

may result in the enlargement of the model prediction

limits both in time and in space, and hence, the model will

be able to account for the current spatial and temporal

variability on a watershed level and for the uniqueness of

the study area.

Conclusions

Soil erosion is considered a serious problem in developing

countries, which have limited technical and financial

resources to study this problem. This study aimed at

applying easy, minimum data requirements and a replic-

able RUSLE-GIS-based model on a watershed level.

Simultaneously, the study concentrated on identifying

areas with a high risk of soil loss. The following conclu-

sions can be drawn from the study:

(1) The RUSLE-GIS-based model could be an efficient,

easy and time-saving method of soil erosion risk assess-

ment on a watershed basis. The model can be run with the

minimum available data: a topographic map, monthly

records of rainfall and soil sampling points for the area in

question. These data are easy to obtain for poorer coun-

tries of the developing world, which will result in proper

planning and efficient application of different manage-

ment and conservation practices.

(2) Irrespective of the errors inherent in the different

layers of the RUSLE-GIS model, it comprises a basic tool

for the planning of successful and sustainable manage-

ment practices. In addition, the model can be applied in

other similar agro-climatic watersheds.

(3) Regardless of the limitations in the model, it showed a

good efficiency in predicting the annual soil loss

(R2=0.68). However, it is recommended to acquire more

long-term soil, plant management practices and climatic

records for accurate testing, calibration and validation of

the RUSLE-GIS model on a watershed level.

(4) The model can be run on a monthly basis, where it is

easy to obtain monthly rainfall data. The application of

the model on a monthly basis is an important interven-

tion for temporal assessment of soil loss potential, along

with their possible causes and solutions.

(5) Twenty-four per cent of the watershed area (1916 ha)

had a soil loss potential greater than the SLT. This war-

ranted the application of easy and affordable conservation

and management practices (i.e. strip cropping, contour

planting and maintaining surface protection against rain-

drop impact).

(6) It has been shown that in the study’s watershed area,

high rainfall erosivity coincided with high soil erodibility

and minimum canopy cover (December to March). This

requires the implementation of certain management and

conservation practices during this critical period.

(7) Wheat and barley appeared more efficient in redu-

cing erosion than natural grassland and olive plantations,

which had an average soil loss potential of 5, 10 and

30 Mg/ha, respectively.

To submit a comment on this article please go to http://

mc.manuscriptcentral.com/wej. For further information please see the

Author Guidelines at www.blackwellpublishing.com/wej
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