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INTRODUCTION

Land degradation is a multiple socio-economic cause factors that have
increased largely during the last few decades (Wakindiki and Ben-Hur , 2002).
Scientifically, the main attributor to land degradation is soil erosion by runoff
water (Angima et al., 2003). Soil erosion, especially in areas with high rates of
soil erosion can cause large modifications in the hydrology of the area under
question, resulting in negative social and economic consequences (i.e. flooding,
construction and plants damages, loss of agricultural lands and a decrease in
tenure size, etc.) (Pimentel , 2000).

Land degradation is a phenomenon that exists in different countries as
well as caused by different factors; natural and socio-economic. Some
countries suffer from this phenomenon mainly due to social and economic
factors such as poverty, land fragmentation resulting from inheritance, low
standard of living and earning, low level of education and health conditions
that is prevailing. Some other countries are suffering from land degradation as
a result of natural factors such as rainfall characteristics (i.e. rainfall amount,
intensity, and rainfall frequency of occurrence), geomorphologic aspects of the
area, soil properties as well as the surface features characteristics (i.e. slope
characteristics). It is obvious that most of the countries that are suffering land
degradation caused by natural factors are characterized by steep-sided and
mountainous area that enhances soil erosion greatly. In addition, soil erosion is
being amplified by the intermittent and high intensity rainfall events that
exceed the capacity of the soil surface to infiltrate and though resulting in
runoff and soil erosion. In the world, it is estimated that about 80% of the
current degradation to agricultural land is caused by soil erosion (Angima et al.,
2003). Areas with high rates of soil erosion can cause large hydrologic
modifications and though resulting in negative social and economic
consequences (i.e. flooding, construction and plants damages, and loss of
agricultural lands, etc.) (Pimentel , 2000). In addition, soil erosion is attributed
to the partial loss of the agricultural lands through continuous decrease in
lands’ fertility status (i.e. loss of the soil chemical and physical characteristics
that support the land fertility and keep it in an acceptable productive level). In
addition, soil erosion and land degradation has an influence on the suitability of
the land for different land uses other than agriculture, for example using the
land for urban, industry and other touristic activities.

The emergence of soil erosion models has enabled the study of soil
erosion, especially for conservation purposes in effective and acceptable level
of accuracy. The Revised Universal Soil Loss Equation (RUSLE) is a model
that has the ability to predict the long term average annual rate of soil erosion
on a field slope as a result of rainfall pattern, soil type, topography, crop system
and management practices (Foster et al., 2002; Wischmeier and Smith , 1978).
Furthermore, the RUSLE can be combined with the Geographic Information
System (GIS) in order to identify soil erosion susceptible spots over a large



watershed area in a quick, efficient and accurate method (Cox and
Madramootoo , 1998; Shi et al., 2004). The RUSLE is almost a
straightforward empirically based model that requires several variables to be
measured and observed in order to estimate soil erosion. The model needs data
on rainfall, soil structure, soil texture, slope length, slope steepness as well as
any existing crop management and erosion control practices (Adinarayana et
al., 1999). Once these data are available, information on soil erosion can be
computed quite easily. With exception of the rainfall erosivity factor (R) and
the soil erodibility factor, the model relies on several dimensionless
coefficients. These coefficients provide accurate results, especially after the
adjustment made recently to the model (changes from USLE to RUSLE)
(Foster et al., 2002; Renard et al., 1991), which made the model not
necessarily relying on physical measurements that can be quite costly and time
consuming. In addition, the RUSLE does not estimate remote deposition and
gully erosion, which is considered as a disadvantage of the model. Finally, the
RUSLE is based on long-term average rainfall conditions for specific regions
in the USA (Brady and Weil , 2002; Wischmeier and Smith , 1978). In order to
apply the model to other countries, the RUSLE should be adjusted according to
the prevailing rainfall, soil type, and crop and soil management practices.
Without the adjustment of the model, it will not produce accurate results of the
average annual rate of soil loss.

Another predictive model is the Morgan model. This model is similar to
the RUSLE. The Morgan model separates the soil erosion process into a water
phase and a sediment phase (Morgan , 1986; Morgan , 2001). Furthermore, it
compares the predicted rate of detachment with the transport capacity of the
overland flow; the lower value of the two processes (detachment and transport)
is then considered as the rate of soil erosion by the Morgan model. Hence, the
model determines whether detachment or transport is the limiting factor
(Morgan et al., 1984). If the transport capacity of the overland flow is higher
than the soil detachment, the soil detachment value will be considered as the
rate of soil erosion. Likewise, if the rate of soil detachment is higher than the
transport capacity of the overland flow, the value of soil particles transported
by overland flow is considered as the rate of soil erosion. The Morgan model
uses less dimensionless coefficients than the RUSLE, hence, it seems that it
would produce more accurate results. On the other hand, more quantitative
measurements are required for the model that may not be easily available in the
developing countries, which have limited technical and financial capacity to
acquire the necessary data for the Morgan model.

One of the most ambitious, powerful and sophisticated model of erosion
is the Water Erosion Prediction Project (WEPP) (Brady and Weil , 2002;
Bhuyan et al., 2002). WEPP calculates the daily rates of hydrologic plant-
growth and litter-decay processes. In theory, the model can predict exactly how
rainfall will interact with the soil on a site during an individual rainstorm or for
the course of a full year (Li Zhang et al., 1996; Flanagan and Nearing , 1995).
If enough data is available, the model can predict both on-site and off-site
effects of raindrop impact, splash erosion, interril and rill formation, gully
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erosion and sediment deposition. This makes the model a powerful tool and has
the potential to predict very accurate data on soil erosion. Unfortunately, the
limited data in the developing countries of the world makes it difficult to these
countries for proper utilization of this model.

The RUSLE was chosen over other methods because of its ease of
implementation, reliance on easily accessible data and its relatively accurate
results. Besides, the quality and the availability of the data in the study area
propose the RUSLE as the most appropriate model to be used.

Parallel to the progress attained in modeling of land degradation by soil
erosion such as using the Revised Universal Soil Loss Equation (RUSLE),
significant progress in watershed management, using Geographic Information
Systems (GIS) and remote sensing techniques for the spatial delineation of
different land cover- land uses in large watershed areas, has taken place in the
last twenty years. The progress has been accelerated by the introduction of new
improvements in GIS and remote sensing technologies. The progress is also
enhanced by the needs, worldwide, of a user-friendly tool for the assessment of
land degradation by soil erosion, high input output efficiency of such
techniques, time saving and low to moderate technological requirements, the
current increases of the available and necessary input data (i.e. land use and
land cover data, elevation and other geo-morphological data), as well as the
ease of attaining necessary data especially in the developing countries with
limited finance for such purpose (Mellerowicz et al., 1994; Molnar and Julien ,
1998). As a consequent, the use of RUSLE-GIS-remote sensing assessment of
land degradation is considered as a good tool for the identification of high
erosion risk areas on watershed scales “’hot spots’’, in addition to the
possibilities for suggesting quick alternative solutions for the management and
conservation of endangered watersheds, and at the same time taking into
consideration the uniqueness and the site specificity and characters of different
watersheds in modeling the risk and the potential of land degradation by soil
erosion (Millward and Mersey , 1999).

Assessment of land degradation, especially in the developing countries
of the Mediterranean, is difficult due to the lack of necessary data and
insufficient funding for such an assessment. As a result, proper conservation
and management practices are difficult to adopt in these * at risk” watersheds
(Upadhyay , 1991; Arhonditsis et al., 2002). In such areas where land
degradation is prevailing, the data available on land degradation, its causes and
its main results are either qualitative or absent, which is considered as a major
obstacle to any future development as well as hindering an appropriate land
uses for sustainable use of resources (Upadhyay , 1991; Arhonditsis et al.,
2002).

Assessment of land degradation, especially in these developing countries

is though important for conserving their available natural resources for future
generation (i.e. land and water). The assessment could also be the first step
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towards increasing the awareness of governmental, non-governmental
institutions, as well as the inhabitants of the region for revealing influential
factors that are contributing to land degradation, in addition to adopting rational
laws and standards for sustainable and efficient land use.

Risk assessment of soil erosion as the main cause of land degradation is
though important for the nation’s natural resources conservation. In addition,
the assessment is also important for future planning and management of the
available natural resources so as to insure its sustainability for the future
generation.

Application of the RUSLE-GIS based model for land degradation-soil
erosion assessment, in certain watershed areas, offers an easy way to
understand and implement the functional view of the model on a micro scale
level (Wischmeier and Smith , 1978). The use of RUSLE, accompanied by
raster-based GIS layers, enabled the model to predict erosion potential on a
small area basis, which is an effective tool to identify the spatial pattern of soil
loss on a micro-scale basis, and hence, to isolate small areas with high risk of
erosion. In addition, it will compose an easy way for the identification the role
of each individual RUSLE variable that is contributing to the existing erosion
(Millward and Mersey , 1999).

The Central Palestinian Mountains are, like other mountainous areas of
the Mediterranean region, subjected to sudden drastic environmental and socio-
economic changes. These changes lead to the partial and/or complete
abandonment of large agricultural areas in the region with noticeable but non-
quantified land degradation and soil erosion. The abandonment of some of the
old adopted soil and land conservations (i.e. terraces, stone bunds, anti-contour
plowing, etc.) causes an increase in soil erosion and land degradation. In
addition, this part of the Mediterranean has witnessed special political and
military critical conditions that have dramatic influences on the socioeconomic
situation of the inhabitants in general, as well as on the peasants in specific
(Issac et al.,, 1997). Confiscation of the Palestinians’ agricultural land is
practiced heavily, especially during the last 10 years (Palestinian Central
Bureau of Statistics , 2004a). The construction of new and intensive bypass
road networks (Palestinian Central Bureau of Statistics , 2003; Palestinian
Central Bureau of Statistics , 2004a), the newly formed separation wall
between the Palestinian built-up areas and the adjacent agricultural land
(Palestinian Central Bureau of Statistics , 2004b), and finally the many physical
(checkpoints) as well as political obstacles (confiscation and area-closure
orders) that has been practiced by the Israeli Authority (Palestinian Central
Bureau of Statistics , 2004c; The Applied Research Institute of Jerusalem ,
1994; Palestinian Central Bureau of Statistics , 2004b), all of these factors
contributed to the current deterioration of the peasants’ socio-economy, which
is envisaged by increasing poverty rate, loss of the farmers’ accessibility and
ownership as well as land fragmentation due to confiscation (Palestinian
Central Bureau of Statistics , 2003; Palestinian Central Bureau of Statistics ,

12



2004a; Palestinian Central Bureau of Statistics , 2004c¢), all of these factors are
being seen as the human part-contribution to land degradation, which if not
tackled properly, could lead to the complete deterioration of the agricultural
sector, the backbone of the Palestinian economy. It is estimated that the
average land holding size in the Palestinian Area is less than 4 hectares (The
Applied Research Institute of Jerusalem , 1994). This small tenure is the
resultant of the aforementioned political situation as well as land fragmentation
due to inheritance. Land fragmentation due to inheritance is heavily practiced
as the result of the Islamic traditional law of inheritance, where the fathers’
land is divided between siblings once the father died.

The study area

Generally speaking, the study area is characterized by semi-arid and sub-
humid conditions with severe runoff and soil erosion as a result of simultaneous
erratic rainfall events and long drought periods with poor vegetative cover, resulting
in soil surface exposure to the natural rainfall and its deleterious effects of (Johnson
and Lewis , 1995). These factors are being considered as the natural-physical factors
contributing to land degradation and soil erosion.

The study area is a small watershed in the Central Palestinian
Mountains. The topographic aspects naturally bound this watershed so that
water divides comprise the delineating line of the watershed within which soil
erosion can be modeled. The watershed area extends over diverse climatic and
geomorphologic characteristics. It is characterized by a typical terrestrial
Mediterranean ecosystem, especially the western part of the watershed (Figure

1).

Area of Study

0 3 Hilometers _+_
e —

Figure 1: Location of the study area along with the major climatic zones
prevailing.
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In general, the area is characterized by shallow soil (<50 cm), a

moderate to steep slope, and limited water and land resources for agriculture.
This deficiency in agricultural land has been recompensed 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 128878 dunums, and is located 6 kilometers
northeast of the Ramallah Governorate in the West Bank (Figure 1). The
elevation ranges from -225 m below sea level to 1000 m above sea level
(Figure 2).

Elevation Ranges

Contour-lines

-225-0
1-200
201 - 450 Scale
451 -700
1:100000
701 -1000 1 0 1 2 3 4 5 Kilometers
[] Border-m.shp == —

Figure 2: Elevation ranges in the study area.

A well marked summer and winter season characterizes the study area.
The mean annual rainfall ranges from 600 mm in the western part of the
watershed to 166 mm in the eastern part of the watershed (Figure 3). Most of
the rainfall (more than 90% of the annual rainfall) occurs in the winter season
and falls mainly during October to April (Ministry of Transport , 1998) with no
summer rainfall occurrence. The mean monthly temperature is 17.1 °C and 22.4
°C in the western and eastern part of the watershed, respectively (Figure 4).
July, August and September are the hottest months of the summer time
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(Ministry of Transport , 1998). Due to the high temperature prevalence, the
mean annual potential evapotranspiration ranges from 861 to 1223 mm in the
western and eastern parts of the study area respectively (Land Research Center
, 1999). According to USDA classification, the soil temperature and moisture
regimes are Thermic and Xeric respectively in the western part of the
watershed, whereas they are Hyperthermic and Aridic in the eastern part
(Sternberg and Shoshany , 2001; Goldreich and Karni , 2001; Soil Survey Staff
, 1998). The geological formation consists mainly of limestone, 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 (Land Research Center , 1999; Dan et al., 1976), with clay loam to

Mean Annual Rainfall

clay of the surface (0-15 cm).

Rainfall Catagories

Rainfall1.shp
150 - 200 —
P 2130 Scale

. o 1:100000

401 - 550

& o 1 0 1 2 3 4 5 Kiometers
: e e e —

Figure 3: Mean annual rainfall in the study area.
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Annual Temperature Mean (C)
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Figure 4: Mean annual temperature in the study area.

The soil of the eastern part of the watershed is classified as Natrargid

whereas it is classified as Xerorthent in the western part, the surface layers are
loam to clay loam. The soil depth varies according to the location; less than 50
cm in the hilly and sloppy areas, and more than 100 cm in low inclination
areas. Nevertheless, the watershed has minor soil types in addition to those
major ones mentioned previously, with different soil physical and chemical
properties.

Generally speaking, the study area, like other parts of the West Bank,

has the following characteristics:

1.

2.

Rainfall fluctuates within and among different years.

The study area has only a maximum of 50-60 rainy days during the
winter season.

About 60% -70% of the total annual rainfall is lost through evaporation
and evapotranspiration, which is, as mentioned before, due to the
prevalence of high temperature and windy weather.

Lack of good and protective vegetative cover (i.e. grasses and forests) is

the common characters, especially at the beginning of the winter season,
which might lead to high rate of soil erosion.
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Soil erosion modeling on a watershed level

Land degradation by soil erosion has negative effects on the standard
of living of the inhabitants, especially in countries where agriculture is
considered as the main source of peoples’ income and food (Feoli et al., 2002).
In such agricultural countries, preservation of the country’s main resource is
though important; hence, studying soil erosion is an important step towards the
nations’ resources risk assessment so as to ensure sustainable land use, and to
reduce land degradation by soil erosion to minimum level. Land managers and
policy makers are in needs to approximate the extent and the type of soil
erosion risk on land and the ongoing degradation that is being subjected to,
which will enable the evaluation of the effect of different alternative tillage
practices, the compliance with environmental regulations and pollution, the
development of sediment-control plans for construction projects and to
estimate the number of years it will take to silt-in a dam (Brady and Weil ,
2002). This will provide different strategies, plans and activities aiming at the
achievement of sustainable and efficient low-cost management of the nation’s
soil resources.

Studies on soil erosion concluded that this phenomenon is caused by four
main factors; these are slope, soil properties (i.e. soil erodibility), rainfall
characteristics and land uses (Shirimail et al., 2001). Most of the erosion
models depend on these factors. The emergence of soil erosion models has
enabled the study of soil erosion, especially for conservation purposes,
accurately and effectively. The RUSLE is a model that has the ability to predict
the long term average annual rate of soil erosion on a field slope as a result of
rainfall pattern, soil type, topography, crop system and management practices
(Wischmeier and Smith , 1978). Furthermore, the RUSLE can be combined
with the Geographic Information System (GIS) in order to identify high soil
erosion spots over a large watershed area in a quick, efficient and an acceptable
accurate method (Cox and Madramootoo , 1998; Shi et al., 2004). The RUSLE
is almost a straightforward empirically based model that requires several
variables to be measured and observed in order to estimate soil erosion. The
model needs data on rainfall, soil structure, soil texture, slope length, slope
steepness as well as any crop management and erosion control practices
(Adinarayana et al., 1999). Once these data are available, information on soil
erosion can be computed quite easily. With exception of the rainfall erosivity
factor (R) and the soil erodibility factor, the model relies on several
dimensionless coefficients. At the same time, the RUSLE does not estimate
remote deposition and gully erosion, which is considered as a disadvantage of
the model. Finally, the RUSLE is based on long-term average rainfall
conditions for specific regions in the USA (Brady and Weil , 2002; Wischmeier
and Smith , 1978). In order to apply the model to other countries, the RUSLE
should be adjusted according to the prevailing rainfall, soil type, crop and soil
management practices. Without adjustment of the model, it will not produce
accurate results of the average annual soil loss.
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As mentioned before, the RUSLE was in favour of other models (The
Morgan model and the Water Erosion Prediction Project -WEPP) due to its
easy implementation, its reliance on easily available data, its relative accuracy,
and its compatibility with GIS for assessing the risk of soil erosion over large
watershed areas. Besides, the available data and its type for the study area
suggest the RUSLE to be, comparatively, the most proper model to be used.

The Revised Universal Soil Loss Equation (RUSLE)

Although the last two decades witnessed the development of different
models for erosion risk assessment, this study is intending the use of the
Revised Universal Soil Loss Equation (RUSLE) for this assessment. The main
reasons are: (i) RUSLE is easily adaptable to other environmental conditions
due to its simplicity, and its statistical relationships between input and output
variables (Renard et al., 1991; Morgan , 1986; Soil and Water Conservation
Society , 1994), (i1) RUSLE 1is a predictive tool used for assessing land
degradation by soil erosion on hill slopes as well as on fields’ plots (Foster et
al., 2002; Morgan , 1986; Renard et al., 1996), and (iii) the availability of data
and the their accessibility (i.e. type, quality, and availability of agro-climatic
and other short-term erosion data for the study area) proposes the RUSLE as
the most apt model for land degradation assessment by soil erosion among
other models.

The RUSLE includes the following variables (Foster et al., 2002;
Renard et al., 1991; Wischmeier and Smith , 1978):

A = R*K*LS*C*P

A = the potential long-term average annual soil loss in ton ha™ per year
R = the rainfall erosivity factor (MJ mm ha' h™)

K = the soil erodibility factor (ton h MJ"' mm™)

LS = the slope length-steepness factor

C = the crop management factor

P = the support practice factor

Farmers’ socio-economy, perception and soil conservation

Many researchers often see Land degradation as the consequence of the
social and economic factors of the final beneficiaries (i.e. the farmers). Socio-
economy refers to the environmental, economic, social and institutional
relationships and patterns, which compose the concept of development (Sheng ,
1989). Social and economic factors form a situation where people interact with
certain problems through roles, regulations, and social relationships represented
by gender, age, ethnicity, traditions, culture, inheritance and other social factors
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(Lubwama , 1999). Despite the familiarity of farmers in the developing
countries with different type of soil-water conservation practices, the farmers
perception, adoption and willingness to adopt these conservation measures has
been hampered by several issues which include socio-economic ones
(Lubwama , 1999; Barrow , 1990). In the Tigray region of Ethiopia, where soil
erosion is severe and the stone terraces were the main adopted soil conservation
practices, it was found that household capacity to invest in soil conservation
measures, the risk of investment, social and institutional settings and household
demographic characteristics including population growth along with their urban
expansion requirements, all of these factors affected farmer capacity to adopt
and the current adoption of soil conservation measures such as stone terraces
(Gebremedhin et al., 2003). Beside, farmers’ willingness to adopt terraces was
influenced by the land productivity and opportunity cost of labors. The political
situation in a certain country comprises also a limiting factor for the adoption
of conservation measures to reduce the effect of soil erosion. The study of these
factors, with their interactions, is though important to identify the most
influential ones on farmers’ understanding, perception and adoption of soil
conservation.

Objectives of the study

The main aim of this study is to monitor land degradation in the Eastern
Heights of the Palestine Central Mountains, which will be achieved through
modeling of soil erosion (RUSLE) that could be utilized for predicting the scale
and extent of land degradation in the study area. The scale and extent of
degradation is not only related to soil erosion; it is also a function of the type,
density and distribution of the vegetation cover, which are currently subjected
to many threats amongst is the overgrazing activities that are taking place in
this fragile ecosystem. Land degradation is also a function of other natural,
social, and economic factors that are interrelated to each other. Hence, land
degradation is a multi-causal effects phenomenon with complicated qualitative
(i.e. land uses, tenure size, urban expansion, etc.) and quantitative (i.e. soil
organic matter, soil texture, etc.) relationships.

The objectives of the study can be abbreviated as follow:

1. To use the RUSLE-GIS based model, supported by remote sensing
techniques, to assess the risk of erosion depending on an appropriate
grid dimension basis.

2. To classify the watershed study area into different categories according
to the degree and risk of erosion and based on the predicted (modelled)
annual soil loss potential.

3. To study the effectiveness of using different conservation practices (i.e.
terraces) as well as different canopy covers for soil conservation and the
reduction of the erosion risk.
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4. To identify the high erosion risk areas in the watershed (hot spots) and
accordingly, propose simple and low cost conservation and management
practices.

5. To reveal the possibility of having a simple method to calculate rainfall
erosivity factor (R) of the RUSLE, based on available data in the area.

6. To monitor the major land use- land cover (including the natural
vegetation of the study area) changes that have taken place through time
(1950 till nowadays) in the watershed, so as to identify those influential
factors contributing to soil erosion and land degradation.

7. To publish a series of reports and possible articles in specific journals
related to the various topics, for example, The Journal of Arid Lands and
in Soil and Water Conservation. The usual readership of such
publications are university faculty and researchers, and their students as
well as professionals in the fields of agriculture, management and land
degradation including field researchers and managers of Non-
Government Organizations (NGOs).

8. To classify the risk of soil erosion in the study area according to
different land use- land cover, which will enable the selection and the
application of appropriate land use with minimum erosion.

Materials and methods
Auxiliary data

Literature review was conducted to reveal what has been achieved in the
study area with regard to land degradation, the contributing factors to land
degradation, and the natural and socio-economic settings that are prevailing in
the study area. The review revealed that, in many cases, very limited data on
land degradation are available both on the micro scale as well as on the
regional settings. In general, it can be said that many of the required
information prior to conducting the research were not available. Some other
data (natural and socio-economic data) are available but with some parts
missing, especially on the micro-scale or the village scale (i.e. Data on the
current land use, management practices, family size, tenure size, income, etc.).
Among the available data collected and found to be useful for the purpose of
this study are the following:

1. Contours elevation lines for different parts of the study area were
obtained from the British Mandate Survey maps of 1944 (Figure 5). The
preparation of the contour lines is essential for future uses such as
derivation of the Digital Elevation Model for the Watershed (DEM).
The DEM is an important input for the calculation of the slope steepness
and slope length of different parts in the study area.
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Figure 5: British Mandate map for the study area.

2. General survey of the natural vegetation was conducted. The survey
included data on different land uses, rainfall categories, soil types and
slope steepness and plant cover data (i.e. type, density and distribution).
Such data are important to correlate them with different soil erosion
categorical data that will be basically the result from the soil erosion
model.

3. For detailed information on different land uses/land cover, spot image of
the study area for the year 2003 was used. The spot image were rectified
and correlated to the local Palestinian Grid. Erdas Imagine software was
used to extract data on different land uses/ land cover using the
supervised method of remotely sensed land use data. In this method of
remote sensing, the data is extracted from the spot image using the
manual method and thereafter, such data are compared with the actual
field data for different type of the existing land use/ land cover
(supervised method).

Soil sampling, analysis and rainfall measurements

Reconnaissance field survey was done at the beginning of the work. The
aim of this field survey was to collect data on the geomorphology, soil
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structure, actual steepness, exposure of different locations, and the existing
natural vegetation so as to provide a comprehensive and actual description
of different locations in the study area.

Prior to identification of the location and number of soil samples
required to cover different parts of the study area, the following activities
were done before conducting the fieldwork fro soil sampling and collection:

e Land use map was prepared from recent spot image and using
remote sensing technique (Figure 6).

Sattelite Images

Figure 6: Landsat TM image for the study area.

e Major soil types in the study area were digitized from the Israeli
Soil Survey map (Dan et al., 1976) (Figure 7).
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Figure 7: Major soil types and soil association exist in the study area.

Major isohyets (rainfall categories and divisions) were extracted
and digitized from the available data (i.e. Department of
meteorology and other published data from different sources)
(Figure 3).

Different categories of slope steepness were derived using
Arcview GIS techniques based on the digitized contour lines,
(Figure 8).

In order to identify the appropriate number and location of soil
samples, Automatic intersection of the four different categories of
data or themes: soil types, rain and slope gradients categories as
well as with different land uses prevailing in the area was done
using the GIS techniques. The intersection process resulted in a
total number of about 178 samples. But due to the fact that some
soil types can not be found under annual rainfall of less that 400
mm, the actual total number of soil samples that satisfy all the
four data sets was about 43 samples (Figure 9) from different
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Figure 8: Different categories of slope steepness in the study area.
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Figure 9: Major soil types along with the locations of different soil samples.
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locations along the watershed area (See Appendix number 1 for the
different combinations of land uses, soil types, rain and slop
categories). Following the identification of the total number of soil
samples and their properties, only one soil sample was allocated on the
map, the selected location of the soil samples was chosen in accordance
to the following criteria:

a. Representative of all soil that have similar characteristics.

b. Close to road network so as to increase accessibility to the
sample location and the consequent collection of the
sample.

c. Should be far from restricted areas in the watershed (i.e.
military installation, settlements, etc.).

These soil samples represent the three major soil types exist in the area;
Aridisols, Entisols, and Inceptisols. Collected soil samples were air dried and
sieved for later analysis. Soil organic matter content for the collected samples
were analyzed using the Walkley-Black method (Nelson and Sommers , 1982),
whereas soil particle size distribution was determined using the pipette method
(Bouwer , 1986). These soil analyses will be used later for the calculations of
the RUSLE soil erodibility factors (K-factors) at different locations of the study
area and then to derive soil erodibility grid surface for the whole watershed.

Rainfall measurements were conducted using two main automatic rain-
stations inside the study area; the first station was allocated in Dura al Qari’
and the second in the Eastern slope of the study area. Rainfall measurements
will be accomplished during the winter season. In addition, auxiliary rainfall
data were collected from other sources (i.e. meteorological department, Birzeit
University meteorological station, etc.); these rain station are either automatic
or manual and they are located either inside or surrounding the watershed study
area such as the one at Birzeit, An Nabi saleh, Dir Dibwan, El Bireh, Jericho,
and Jerusalem.

The automatic rain-stations is a 0.2 mm tipping bucket device,
connected to a recorder data logger measuring rainfall at 30-minute intervals
for the requirements of the RUSLE model procedures so as to calculate the
rainfall erosivity factor (R). These rainfall data from different rain stations will
be used to create rainfall erosivity grid surface for the whole watershed (See
Appendix number 2 for detailed rainfall measurements from the two
automatic station inside the watershed area).

Areas occupied by terraces all over the study area were identified using
remote sensing techniques (Figure 10). The identification of the terraced area
as well as their characteristics (i.e. spacing, length, height, drainage, etc.) is
important for the proper identification of the existing management practices
factor of the RUSLE.
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Figure 10: Available terraces used to promote agriculture in the study area.

Twelve small erosion plots (1 m?) were setup in proper area that is
accessible to the researchers and having suitable characteristics (i.e. slope, soil
type, rainfall, etc.). Six plots were cultivated with wheat, whereas the other six
were left bare. Measurements of the soil erosion from the 12 1-m2 plots was
done, the samples were oven dried and weighed for each plot and for each
rainfall events with different rainfall characteristics. These erosion data are
necessary to validate and correct the quantitative output of the RUSLE model
for assessment of land degradation due to soil erosion. In addition, these data
are important to describe plant coverage and growth during the whole period of
the wintertime, which is necessary to simulate the effect of land cover in the
modeling process of soil erosion. And finally these data would give a
quantitative comparison between cultivated and non-cultivated areas with
respect to the rate of soil erosion and hence the rate of land degradation.

In addition, plant coverage and growth stages during the whole period
of the wintertime were also identified especially in the cultivated plots with
winter wheat, which is necessary to simulate the effect of land plant cover in
the soil erosion risk assessment by RUSLE model. And finally these data
would give a comparative quantitative data for the rate of soil erosion between
different land uses (cultivated and non-cultivated plots/ areas) and though
would reflect quantitatively the rate of natural land degradation at different
parts of the study area.

26



Natural vegetative cover investigation

Detailed survey of the natural vegetation was conducted at the end of
Spring Season. The main objectives of the survey are to figure out and measure
various vegetation characteristics (quantitative and qualitative data) such as:

a. lIdentification of the different existing types of the natural
vegetation.

b. Density of different types of the existing natural vegetation was
also measured in situ using the Braun-Blanquet method (Ulrich ,
2003; Culmsee and Deil , 2003) . In this method 1-m? areas were
identified in each major soil type and land uses randomly, the
identified area was bounded by a 1*1 m quadrant followed by the
identification of all existing type and the density of these types.
Such qualitative and quantitative identification of the type and
density is essential for later stages in the study, which will enable
the correlation of different types and density with different
category of soil erosion rates that will be calculated using the
RUSLE model. In addition, such data are essential to trace out
most important type of natural vegetation existing in different
areas, and which types are mostly overgrazed and which are not.

c. Total biomass of the natural vegetation was calculated. For
calculating the total biomass, the natural vegetation coverage was
harvested and dried out and then weighed for total biomass of the
natural vegetation per Im”. A total number of twenty-m” -squares
was collected and biomass was determined for these samples as
representative samples for different natural vegetation of the
study area.

A database was created to hold different data that were collected during
the field trips such as data on geomorphology, soil structure, actual
steepness, location exposure, and the existing natural vegetation. The
database was linked spatially with the map of the study area using GIS
technique. This linkage is important to store and explore different data
within a geographic context, in addition to the possibility of overlapping
and intersection of different data with each other.

Calculation of The RUSLE- Factors

Calculation of the major natural factors contributing to land degradation
by soil erosion, which are constituting the main input for the RUSLE model
for erosion risk assessment, were done using the normal procedures that are
documented in different sources (Renard et al., 1996; Foster et al., 2002;
Renard et al., 1991; Wischmeier and Smith , 1978), these factors are the
following:
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Rainfall erosivitiy factor (R-factor): Calculation of rainfall
erosivity, based on 30-minute measurement of rainfall was done
using Wischmeier formula (Wischmeier and Smith , 1978;
Morgan , 1986) for each rainfall event and for all the rainfall
stations inside and outside the watershed study area (For the
calculated rain-events R-factor during the whole winter season
see appendix number 3)

Soil erodibility factor (K-factor).

Slope length and steepness factors (LS-factors).

Crop factor (C-factor).

Management factor (P-factor).

Historical background on the study area

The historical data of the study area was studied, concentrating on the
main land uses and land use changes, using chronological sequence of the
data available for the area in question. For this purpose, a detailed historical
data were collected. These data include the following subjects:

>

>
>

Built-up area from past to current time (size and direction of
expansion).

Population and population density.

Land uses and land use changes at different time horizon,
emphasizing on agricultural land use and other land uses that are
negatively affecting agriculture (i.e. built up, industry, and
mining).

The number of animals through time so as to correlate the animal
husbandry with overgrazing activities taking place in the area,
and the consequent terraces’ destruction that are taking place as a
result of the terraces deterioration in different villages and at
different time.

THE QUESTIONNAIRE

PREPARATION OF THE QUESTIONNAIRE

The questionnaire was designed to provide data on different factors
associated with natural, social and economic factors contributing to land
degradation. The questionnaire was divided into seven main parts
(Appendix number 4); these main parts are the following:

1. General information (Village name, questionnaire number, education
level).
2. Land use prevailing in different villages of the study area.
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Socio-economic information.

Institutional support to agricultural sector.
Environmental awareness.

Land tenures and land fragmentation.

Land pricing and its relation to land use changes.

Nk Ww

The design of the questionnaire took into consideration the following
general guidelines for the achievement of highest degree of precision and
accuracy:

a. Informative and comprehensive: the questionnaire contains different
social, economic and human induced land uses within a specified
geographical area that are necessary so as to have a comprehensive
view of the area in question. In addition, different type of collected
data in the questionnaire are, to some extent, linked either directly or
indirectly to each other, for example, if the questionnaire reveals the
availability of terraces for soil and water conservation, this would be
correlated to the degree of environmental awareness of the peasants
and also to socio-economic conditions of the peasants.

b. Scale dependent: which means that the data that were included into the
questionnaire can be on micro scale (pixel size of 30*¥30 m?) or macro
scale (part of peasant’s property and\ or the surrounding area of the
villages existing in the watershed and other adjacent areas of the
villages).

c. Accuracy: where control questions were incorporated in some parts of
the questionnaire so as to check the credibility of the answers obtained
for some crucial questions. For example asking about whether the
farmers are selling their land for other land uses rather than
agriculture, and then as a control question asking the same farmers
whether adjacent farmers are practicing such behavior.

TESTING THE QUESTIONNNAIRE

A pre-test of the questionnaire was carried out through field survey that
was conducted by the team members. As a result, the team discovered some
questions that should be cancelled, some other points to be modified, and
new other points that did not appear into the questionnaire and they are
important to be included into the final questionnaire. In addition to testing
and the final adjustment of the questionnaire, the team members have
practiced filling the questionnaire in proper way and exact time frame.
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EVALUATION AND FINALIZATION THE QUESTIONNNAIRE

After getting all the comments from the preliminary field survey, the
team has an intensive discussion about different parts of the questionnaire,
including some parts to be added. As a first step, each part of the
questionnaire was evaluated separately by examining each question of this
part, after getting approval of all the team members; the second part would
be examined and approved and so on till the final part of the questionnaire.
According to this multiple interrelated correlation, new questions emerged
and some others were modified.

FILLING THE QUESTIONNNAIRE

After finalization of the questionnaire, a total of 150 questionnaires were
filled out from 12 villages (Figure 11). The total number of questionnaire in
each village was set to be 10% of the total number of families that are
working in agriculture, hence, the number of questionnaires filled is
different from one village to another.
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Figure 11: Village boundary areas along with the different village built-up
areas existing in the study area.

PREPARARTION OF THE QUESTIONNAIRE FOR ANALYSIS
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After getting all the questionnaires filled, a coding process was
conducted for different answers of each question; computerizing the data
using the statistical Package for Social Science (SPSS) software followed
up this process. Intensive analysis (including multiple correlations, chi
square analysis, cross tab analysis, graph presentations of different
correlations, etc.) has been accomplished so as to identify the most
influential socio-economic factors on land degradation. According to the
answers obtained from the questionnaire, classification of the natural
vegetation into palatable and non-palatable for animal grazing has been also
done. The classification would be of importance for the protection of the
vegetative cover and for soil and water conservation as well as for
management and protection of the natural habitat.

RESULTS AND DISCUSSION
Soil Erosion Modeling by RUSLE
RUSLE R-factor and Annual Rainfall

Generally speaking, the study area lacks detailed and historical climatic
data that are necessary for the calculation of rainfall erosivity factor, which is
an important component of modeling soil erosion by RUSLE procedure. For
facilitating the computation of the rainfall eorsivity factor of the RUSLE (R-
factor), correlation of the available rainfall data, generated at 30-minute
interval from the automatic rain stations, with the monthly rainfall data
available from old rainfall records, would be facilitate future calculation of the
R-factor by other researchers as well as in other similar watersheds that have
almost the same rainfall patterns. To achieve this, the available Rainfall
erosivity (EI30) based on 30-minute measurements for the automatic stations,
and for the available calendar years, was calculated on daily basis, the daily
EI30’s were summed up for each month, station and year. A polynomial
regression analysis between the calculated monthly rainfall erosivity, and the
long-term average monthly rainfall (20 years average), which is available from
other manual rain stations located wither inside or outside but adjacent to the
watershed, were done. The regression revealed highly significant (P<0.01)
relation between monthly average rainfall and monthly rain erosivity factor for
the area in question (Figure 12), which is a useful relation for the application of
RUSLE in this watershed area as well as other similar areas.
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Figure 12: Nonlinear regression relation between monthly rainfall erosivity
and the average monthly rainfall for the watershed area.

The regression equation was used to find the monthly rainfall erosivity
(EI30) for the stations that is either located inside or adjacent to the watershed
area; the monthly EI30s were summed up for each station to find the annual
rainfall erosivity (R). These data, along with the location of the rain stations
were used to create a rainfall erosivity gird surface utilizing ArcView Spatial
Analyst (Figure 13), covering the whole area of the watershed. The delineation
of each area with its specific R factor will be used to calculate the annual soil
loss by RUSLE.
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Figure 13: Mean annual rainfall erosivity grid surface for the study area.

A detailed view of the monthly average rainfall erosivity revealed that more
than 75% of the total erosive rainfall as presented by the percent erosivity from
total rainfall erosivity occurs during the period from November to February
(Figure 14). During this period, the canopy cover (i.e. height and density) is
almost small and negligible (Figure 14), which leaves the soil surface
unprotected against raindrop impacts, resulting in high risk of erosion during
these low vegetatively-covered months. The high erosion risk during these
rainy months would cause further deterioration to land, and this situation
necessitates the application of certain management practices, especially during
this critical period, which will minimize runoff, erosion, and conserve more
soil moisture for better plant growth. Among the effective management
practices that could be applied to minimize erosion and protect the soil surface
are the following:

1. The addition of either green or dry plant residue on the soil surface so as
to provide protection to the soil surface, especially during the rainy
periods with high rain erosivity potentials.

2. It is necessary that the existing management in the area at the end of
harvest, which is mainly concentrating on grazing the plant residue
completely, especially for field crops, would be changed so as to keep
the minimum amount of residue necessary for protecting the soil surface
against direct rain drop impacts. Besides, such addition of the plant
residue would increase the fertility status of the soil and also the
physical strength of the soil aggregates.
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3. Planting the field crops earlier in the season with the addition of some
water for irrigation (complementary irrigation) would give the plant
more chances to establish the minimum vegetative cover before the
onset of rainfall, leaving the soil surface intact and protected against the
raindrop impacts, especially during November and December, where the
wheat canopy is very short and dispersed (< 10 cm height) (Figure 14).
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Figure 14: Monthly rainfall erosivity distribution and wheat canopy height during the
winter season.

Soil Erodibility Factor (K) and K-surface

The derivation of soil erodibilty factor (K-factor) utilized similar
procedures as those used for the R-factor. The locations of the 43 soil samples
were assigned spatially, according to the different major soil types in the
watershed (Figure 9). The K factor was calculated according to the following
equation used by RUSLE model following up different literatures (Foster et al.,
2002; Renard et al., 1996; Wischmeier and Smith , 1978):

K =[2.1%10" (12-OM) M""* + 3.25 (S-2) + 2.5 (p-3)] /100 @
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 structure (1-4), P is the permeability

class of the soil (1-6), and OM is the soil organic matter (%). For more details
on the K-factor and its derivation, the reader is advised to go through the
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previous researches and papers on RUSLE (Foster et al., 2002; Renard et al.,
1996; Wischmeier and Smith , 1978; Angima et al., 2003; Engel , 1999;
Hussein , 1998a).

The calculated 43 point K-factors were used to create a soil erodibility
grid surface for the whole watershed area (Figure 15), using ArcView spatial
analyst (Applegate , 1999). The K-surface shows a range of 0.013 to 0.045 Mg
h MJ"' mm™. To assure accuracy, five K surface points, which are extracted
from the grid surface interpolation by Arcview spatial analyst, were compared
to five K-point soil samples that were calculated previously by the RUSLE
equation. 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 8.4¥10° Mg h MJ"' mm™, which
is very small compared to the mean K-value (1.7% of the mean value of the
actual K-factor) with an acceptable level of accuracy.
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Figure 15: Mean annual soil erodibility grid surface (K-factor) for the study
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The Digital Elevation Model (DEM) and the RUSLE LS-factor

The derivation of the LS factor for RUSLE depends on the generation of
a 30-meters DEM. The creation of the DEM was basically based on digitizing
25-m contour lines, which is an attribute of a 1:20,000 topographic map of the
study area. The vector elevation map (contour lines) was converted to a DEM
raster map (Figure 16) and projected using the Universal Transverse Mercator
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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 (Figure 5b) used the
procedure of Spatial Analyst that was described by Engel (Engel , 1999).

The slope length factor (A) was estimated using flow accumulation grid
file, which was created by using the hydrologic modeling extension 1.1 of
ArcView GIS 3.2, following the procedures cited by Engel (Engel , 1999). The
maximum allowable slope length (A) derivation was limited to the maximum
slope length allowed by the RUSLE, which is 300 ft or 91.4 meters equivalent
(Wischmeier and Smith , 1978; Foster et al., 2002). The derivation of slope
length, by ArcView spatial analyst, depends on the theoretical background
mentioned by Moore and Wilson (Moore and Wilson , 1992). The method
assumed that the slope length (A) 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 (A,) presented as m* m.
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Figure 16: The Digital Elevation Model (DEM) for the study area.

To estimate the accuracy of the created DEM, as well as the slope steepness
factor created by spatial analyst, twenty well-distributed random points were
taken, and 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 obtained from the DEM and the
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slope-steepness grid file, respectively. The standard error of estimate between
the measured and estimated points for the elevation is 0.48 m, whereas that of
the slope steepness is 0.51°. This emphasizes the accuracy of the generated
DEM and the close relationship of the derived slope steepness and length to the
actual measured ones. With a wide range of slope steepness (0.02° to 50°) and
elevation (-230 up to 1000 meter) in this watershed area, the resultant error of
the interpolation technique seems to be acceptable. In addition, the resultant
output seems to be accurate and reflects reality.

The final estimation of the RUSLE LS-factor has utilized the theoretical
and technical procedures that were described by Moore (Moore and Burch ,
1986b; Moore and Burch , 1986a; Moore and Wilson , 1992). The equation that
was used to compute the LS-factor following up the procedures mentioned
previously is as follow (Moore and Wilson , 1992; Engel , 1999):

LS = (A, *Cell size/22.13) ** * [sin0 /0.0896] '~ ()

Where A is equivalent to the derived slope length (1) from the DEM (Figure
16), the cell size is unit less and equals to that used in the DEM (30 meters),
and 0 is the slope steepness (S) derived from the DEM (Figure 16). Application
of the previous equation to calculate the final RUSLE LS-factor produced the
corresponding LS-factors for different cells of the DEM (Figure 17).
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Figure 17: The slope steepness (S) and length (L) multiplications (LS-factor).
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The Land Cover and RUSLE C-factor

The land cover map utilized a geo-referenced Landsat Thematic Map
(Landsat TM) image for the whole area and its surroundings for the year 2003
and during the end of the winter season and the beginning of the spring season
(end of March). This date is important in that it shows all possible combination
of winter season land uses, since the winter plantation begins in November and
is harvested in June, and hence, all the different combinations of the green
coverage during the winter season is easy to differentiate at this time (March).
The computer-aided analysis and interpretation of the Landsat TM was done
using ERDAS Imagine 8.2 software (ERDAS Inc. 1995). The work was
achieved using a multi-window environment; thus the image of an area could
be presented in various presentations of spectral bands. The smallest cell size
mapped using Landsat TM was 30 meters* 30 meters. To check the land cover
accuracy and delineation of different land use exist in the watershed, field
verifications for specified land uses were investigated and checked against the
remotely sensed land uses. This will add more accuracy to the Landsat TM data
by establishing a linkage with detailed ground-truth data extracted from field
survey.

The RUSLE C-factor is a measure of the cropping and management
practices effect (either positively or negatively) on soil erosion (Renard et al.,
1996). For the RUSLE to generate C-factors for different management
practices existing in the area, data on the type of crop, pre-planting preparations
(cultivation, residue cover, manure addition...etc.) planting date, crop growth
stages, harvest date, and other plant characteristics are required (Foster et al.,
2002). Such data were obtained from field experimentation as well as from
field visits during different field surveys conducted in the study area.

The analysis of the Landsat TM, along with its field verification,
revealed two major crops in the watershed; wheat and barley, and olive groves
(Figure 18).
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Figure 18: Major land cover/ land uses in the study area.

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 will leave a minimum amount of plant residue
on the soil surface. The main management practice is the use of chisel plow at
the beginning of October for wheat and barley plantations. The chisel plow is
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 height was measured in situ at different growth stages,
especially for wheat and barley and olive groves.

According to RUSLE, the C-factor must be calculated according to the
proportion of R-factor on a half-month basis (Wischmeier and Smith , 1978;
Renard et al., 1996). The application of RUSLE program, for cereal (wheat
and barley) and olive plantations, implies feeding the RUSLE database with the
existing management practices and plant canopy characteristics. The RUSLE
database performs different repeated iteration on 15-day intervals for the
calculation of different soil loss ratios (SLR). The results for both types of crop
are shown in Tables 1 and 2. For bare lands with no or with negligible
vegetative cover, the C-factor is set to unity, whereas the C-factor for urban
areas is given a zero value, which means that all the urban areas will be
excluded from the final calculation of soil erosion. For natural grassland, 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 (Figure 19).
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Table 1: Half month Soil Loss Ratio generated from the RUSLE simulation for
both wheat-barley and olive plantation in the Western part of the study area.

Month Period %EI30 Soil Loss Ratio  Soil Loss Ratio
(SLR)*EI30 (SLR)*EI30
Wheat & barley Olive groves

Jan. 1-15 17.60 0.8742 0.0117
16-31 2.90 0.1555 0.0019
Feb 1-15 14.97 0.6502 0.0100
16-28 0.98 0.0414 0.0007
March 1-15 0.81 0.0307 0.0006
16-31 0.00 0.0000 0.0000
Apr. 1-15 26.38 1.0100 0.0246
16-30 0.32 0.0139 0.0007
May 1-15 0.00 0.0000 0.0000
16-31 0.00 0.0000 0.0000
June 1-15 0.00 0.0000 0.0000
16-30 0.00 0.0000 0.0000
July 1-15 0.00 0.0000 0.0000
16-31 0.00 0.0000 0.0000
Aug 1-15 0.00 0.0000 0.0000
16-31 0.00 0.0000 0.0000
Sep. 1-15 0.00 0.0000 0.0000
16-30 0.00 0.0000 0.0000
Oct. 1-15 0.00 0.0000 0.0000
16-31 0.54 0.0000 0.0000
Nov. 1-15 1.89 0.0000 0.0000
16-30 90.88 0.6416 0.0505
Dec. 1-15 0.00 0.0000 0.0000
16-31 23.71 4.4846 0.0178
Annual 0.0790 0.0503
C-

factor
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Table 2: Half month Soil Loss Ratio generated from the RUSLE simulation for
both wheat-barley and olive plantation in the Eastern part of the study area.

Month Period %EI30 Soil Loss Ratio  Soil Loss Ratio
(SLR)*EI30 (SLR)*EI30
Wheat & barley  Olive groves

Jan. 1-15 16.58 0.8573 0.0132
16-31 2.49 0.2005 0.0023
Feb 1-15 31.36 2.1581 0.0253
16-28 2.47 0.6209 0.0087
March 1-15 1.37 0.4849 0.0068
16-31 0.00 0.0000 0.0000
Apr. 1-15 21.96 1.0865 0.0157
16-30 1.49 0.2186 0.0032
May 1-15 0.00 0.0000 0.0000
16-31 0.00 0.0000 0.0000
June  1-15 0.00 0.0000 0.0000
16-30 0.00 0.0000 0.0000
July 1-15 0.00 0.0000 0.0000
16-31 0.00 0.0000 0.0000
Aug 1-15 0.00 0.0000 0.0000
16-31 0.00 0.0000 0.0000
Sep. 1-15 0.00 0.0000 0.0000
16-30 0.00 0.0000 0.0000
Oct. 1-15 0.00 0.0000 0.0000
16-31 0.00 0.0000 0.0000
Nov. 1-15 1.33 0.0978 0.0028
16-30 1.33 0.4045 0.0113
Dec. 1-15 0.00 0.0000 0.0000
16-31 19.63 2.7032 0.0412
Annual 0.0883 0.0752

C-
factor
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Figure 19: RUSLE crop management factors (C-factors) according to different
land cover/ land uses in the study area.

The Support Practice Map and RUSLE P-factor

RUSLE describes the effect of contouring, tillage practices and terracing
on soil erosion by the support practice (P) (Renard et al., 1996; Foster et al.,
2002). For the watershed in this study, the only support practice existing is
terracing. Previous literatures found that terracing affects sheet and rill erosion
by breaking the slope length into shorter distances, and hence, decreasing
runoff and the associated erosion (Wischmeier and Smith , 1978; Renard et al.,
1996; Foster et al., 2002). The RUSLE computation of P-factor depends on the
spacing between successive terraces (Wischmeier and Smith , 1978; Renard et
al.,, 1996; Foster et al., 2002). A maximum benefit, which is reflected by the P
value, of terracing is assigned for terraces interspacing of 110ft or 33.5 meters
(Renard et al., 1996). An increase in the spacing above that value will cause a
gradual increase in the P-value, indicating a lower efficiency of terraces in
reducing runoff and erosion (Wischmeier and Smith , 1978; Renard et al.,
1996; Foster et al., 2002).

Intensive field observations showed that all the terraces in the watershed
area have gentle slope (0-2%), spacing of less than 33.5 meters, and with
underground outlets. The P-factor for such specifications is assigned a value of
0.55 by the RUSLE.
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To delineate areas with terracing practice in the watershed area, a geo-
referenced Landsat Thematic Map (Landsat TM) image for the whole area and
its surroundings for the year 2003 along with field observations were used.
Analysis of the Landsat TM resulted in the identification of all the areas with
terracing (Figure 20). Areas without support practices (i.e. without terracing)
have been assigned a unit P-factor, which means that these areas have
maximum risk of erosion due to the absence of any support practice. Areas
with terraces have been given a 0.55 P-factor value depending on the terraces
characteristics, the interspacing, and the driangae properties. The resultant land
cover map and the associated P-factors were used to generate a grid surface for
the P-factor, utilizing ArcView spatial analyst.
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Figure 20: Areas occupied by terraces as the main management practices
prevailing in the study area.

Average Annual Soil Loss

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 will show two main categories (Figure 21);equal or less than 5 Mg ha™
and greater than 5 Mg ha™'. The largest size among soil loss categories is that
belongs to the 0-5 Mg ha™ per year (Figure 21).
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Many researchers use the term soil loss tolerance (SLT) in soil erosion
studies. SLT denotes the maximum allowable soil loss that will sustain an
economic and high level of productivity (Wischmeier and Smith , 1978; Renard
et al., 1996; Foster et al., 2002). The normal soil loss tolerance values range
from 5 Mg ha™' to 11 Mg ha™ per year for different soils and under different
environmental condition.
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Figure 21: Annual soil loss output from RUSLE simulation.

The assignment of a range depends on the judgment of how much
erosion will be harmful to the soil. Consequently, soils with shallow depth and
fragile ecosystem are assigned the lower level of SLT (Foster et al., 2002). For
soils with large depth and good physical characteristics, the upper limit of SLT
is used.

In the study area, most of the soils’ types have shallow to moderate
depth (less than 100 cm), with low organic matter (1-3%), weak aggregates and
fragile ecosystem (high evaporation, steepness, tense rainfall, etc.) For this
reason, the lower limit of SLT will be used to assess the high erosion risk areas.
Areas with higher soil loss potential than the SLT are shown in Figure 22.
Categorization of different erosion potential followed up the FAO basic
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classification of desertification (FAO and UNEP , 1984), with some
modification to suite the uniqueness of the study area (Table 3).

Cell by cell calculations from the map of the soil erosion risk revealed that the
total area with a soil loss potential higher than the SLT is 3724 dunums (Table
3 and Figure 22), which comprises 2.9% from the total area of the watershed.
The results of the average soil erosion in the watershed (= 4.5 Mg ha™') also fit
well with an assessment of soil erosion done in the northern part of Iraq, where
areas with similar ecosystem have an average annual soil loss of about 5 Mg
ha (Hussein , 1998a). In general, the results followed up the same trend in
other similar areas of the Mediterranean, where the average annual soil loss
was estimated at 5-10 Mg ha' (Martinez-Casasnovas et al., 2002).
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Figure 22: Annual soil loss according to level assigned to the soil loss
tolerance.

Table 3: Different categories of annual soil loss potential with the total area,
proportion from the total watershed area and different erosion categories.

Annual soil loss  Area (dunum) % From total Erosion potential
range (Mg ha™) area

0-25 118536 91.9 Slight

2.5-5.0 6369 4.9 Moderate

5.0-7.5 3214 2.5 High

7.5-10.0 307 0.3 Very High

10.0 - 15.0 237 0.2 Extreme

>15.0 236 0.2 Very extreme

45



Most of the areas having higher soil loss than 5 Mg ha™' (i.e. more than
the SLT) are located in the western part; (Figure 22). A detailed investigation
showed that the most pronounced RUSLE factor that enhanced soil erosion and
caused high soil loss potential are the slope length (L) and steepness (S)
factors. This is because the majority of the area that have higher soil loss than 5
Mg ha™ are accompanied with a length factor greater than 3 cells (equivalent to
A of 90 meters), and slope steepness (0) greater than 12° (about 18%) . Besides,
areas with soil loss greater than 5 Mg ha™', in the western part of the watershed,
are accompanied with relatively higher soil erodibilty factor (K > 0.02 Mg h
MJ! mm™), and rain erosivity factor (R > 200 MJ mm ha™' h™"), which resulted
in higher soil loss as compared to the surrounding areas.

The annual soil loss values generated by the RUSLE model were
subjected to errors, included in different data and different GIS layers that are
created by ArcView software. Some of these included errors in digitizing the
contour map, soil layer, land cover as well as the support practices (terracing)
from aerial photographs. The processing of these different layers, by
multiplication, into ArcView will result in the magnification of the total error
term. Nevertheless, the subdivision of the watershed into small cells (900 m?)
increased the accuracy of RUSLE prediction, and enabled the point-specific
identification of areas with high erosion potential. The assessment of soil
erosion risk potential comprises a valuable tool for planning successful and
sustainable management practices, especially for those areas with severe
erosion potential. The assessment is particularly useful in poor countries with
limited financial resources, since it provides quick, efficient and targeted
research output, aiming at the implementation of soil conservation measures in
areas with greatest impacts on mitigation of soil erosion.

Finally, the identification of areas with high soil loss potential (Figure
22) necessitates the application of certain conservation and management
practices. Although the use of terraces is effective in reducing erosion, farmers
cannot afford the high cost of their construction, in addition to the difficulties
encountered as a result of their constructions in steep and hilly areas. Cheap,
easy, practical and affordable methods to farmers, in order to control the high
soil loss rate, are though important. One alternative could be the use of stone
lines to break the slope length into shorter distances, reducing 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 solutions. This
practice would reduce the effect of slope steepness and length by counteracting
the overland flow direction, reducing its velocity, provide surface protection
against raindrop impact, and form barriers to trap eroded soil material a long
the slope (Goldreich and Karni , 2001; Angima et al., 2003; Renard et al.,
1996).

Generally speaking, 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) that could reduce the effect of
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runoff on steep areas, all should be avoided in the high soil loss potential areas,
which has been identified in our assessment.

Upon changing one or more of the above-mentioned practices, a check
should then be undertaken to test for efficiency. This process can be done
easily by adjusting the RUSLE-GIS database and rerunning the model again,
which will provide a judgment on the efficiency of each single management
and conservation practices, and ensures that the most efficient, practical and
cheaper one will be adopted in the area.

TESTING AND VALIDATION OF THE RUSLE FACTORS
Rainfall erosivity factor (R)

Table 4 shows the annual R-factor for the year 2005/2006 as well as the long
term average (more than five years). These annual values represent the two
extremes of rainfall erosivity; dry and wet years. Studies on rainfall erosivity
factor in similar area of the Mediterranean showed nearly similar R-factor,
ranging from 800 to 1100 MJ mm ha™ h™' (Upadhyay , 1991). Other studies in
the northern part of Iraq showed erosivity twice in the magnitude as that in the
study area, where the range was 600 to 2000 MJ mm ha™ h™ (Hussein , 1998b).
This difference in erosivity is attributed mainly to the different characteristics
of rainfall in both study areas, especially those related to rainfall intensity.

Table 4: Maximum 30-minutes intensity (I30), yearly and 5-years average rainfall

erosivity.
130 R
(mmh™) (MJ mm ha' b
)
2000 season 10.5 351
2001 season 29.5 1006
2005 season 12.7 874
5-years average 154 760

Figure 23 shows the rainfall erosivity distribution on half-month basis for the
study area. In general, most of the erosive rain occurs in short period (January
and February), which is applicable on yearly as well as 5-years average basis.
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Figure 23: Rainfall erosivity distribution for the 2005 season and the 5-years
average distribution.

About 70% of the annual rain erosivity occurs during the first 60 days
beginning from January 1* (Figure 24), the remaining occurs during March and
December. In general, January is the most erosive month of the year, with
about 55% of the annual rain erosivity (Figure 24). During this period, the plant
canopy height is less than 5 cm, with poor protection against direct raindrop
impact. The combination of high erosivity with poor vegetative cover at this
time causes a detrimental effect: increasing soil aggregate slacking and
disintegration, with a final increase in runoff and erosion (Barthes and Roose ,
2002).
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Figure 24: Cumulative half-month rainfall erosivity, based on 5-year average
distribution, and wheat canopy height on half month basis for 2005 season.

48



Soil erodibility factor (K)

RUSLE K-factor depends on a combination of soil and climatic
parameters developed under specific conditions in the USA, which might not
be suitable to different conditions in other parts of the world, such as in the
study area. Besides, the RUSLE K-factor assumes a constant value with time.
Antecedent soil moisture, spatial and temporal soil and rainfall variability
results in dynamic K-factor with time and space, which is not accounted for in
the RUSLE K-factor, especially when applied to climatic conditions differ
from those in the USA (Renard et al., 1996; Wang et al., 2001). Hence,
adjustment of K-factor is necessary.

Field measurement of soil moisture tension and temporal K-factor
(Figure 25), emphasized the aforementioned facts, and necessitates the
adjustment of K-factor at different time. In general, Figure 25 shows that K-
factor is highest at lower SMT. The highest K-factor occurs in December and
January (Figure 25). The spatial change of K-factor according to different soil
types is not possible to check in this study. This is because of the large area of
the watershed and the difficulties of movement as well as the needs for more
devices to check for the relation between soil moisture tension and the
associated K-factors.
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Figure 25: Cumulative storms’ K-factors at different soil moisture tension
during the winter season.

Available measurements, from natural runoff plots in the study area,

indicate that the RUSLE K-factor overestimates measured K-factor of the area
by 2.5-24 times (Table 5), which is the result of the aforementioned reasons.
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Results from other studies in the Mediterranean region showed RUSLE K-
factors that are almost similar to the findings of this study (Arhonditsis et al.,
2002; Hussein , 1998a). Research from the northern part of the Middle East,
specifically in Iraq, showed a nearly 10 times lower value of measured K-factor
than RUSLE K-factor (Hussein , 1998a), which is consistent with what the
findings of this study. These previous researches have applied the same method
of calculating RUSLE K-factor, as this study did. Besides, they did not account
for variations in K according to soil and climate variability.

To account for temporal variability in K-factor, a regression analysis between
the ratios of cumulative measured-K to RUSLE K-factor and the soil moisture
tension was achieved. The regression shows a highly significant correlation
(P<1%) between both factors (Figure 26).

Table 5: RUSLE calculated and measured annual soil erodibility factor (K) for the
different experimental plots in the two locations.

Plot Organic = RUSLE-calculated K Measured K Ratio of RUSLE K
number matter factor to Measured
(%) (Mgh MJ ' mm™) (Mgh MJ'mm™) K-factor

1 2.4 0.043 0.015 2.9

2 2.8 0.024 0.001 24

3 3.7 0.032 0.007 4.5

4 2.6 0.045 0.018 2.5

5 3.1 0.044 0.011 4

6 3.5 0.015 0.001 15

The equation represents a good tool for estimating the real K-factor at any time
of the winter season, provided that soil moisture tension at that time is known.
The overall measured K-factor at the end of the season could be estimated by
measuring the soil moisture tension at that time, in addition to knowledge on
RUSLE K-factor from the normal RUSLE calculation. The only error of this
equation is its limited range in soil moisture tension (0.25- 0.75 bar), beyond
this range; the equation cannot predict the magnitude of the measured K-factor.
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Figure 26: Linear regression relation between the ratios of the cumulative
measured K-factor to the cumulative RUSLE K-factor with the temporal soil
moisture variations.

Slope length and steepness factor (LS)

RUSLE LS-factor was derived originally from experimental data on slopes not
exceeding 18° and length of 91.4 meters (300 ft). Beyond these ranges, the
relationship of LS factor cannot be judged for accuracy, since the calculation of
the LS-factor will deviate from the original range of the experimental data
(Wischmeier and Smith , 1978). Table 6 shows the LS-factor with the
associated sub factors used in different equations for the RUSLE calculation of
the LS-factor.

Table 6: Slope length and steepness factor with their associated sub factors derived
from different RUSLE equations. Values are the mean of six replicates.

Parameter

3 0.51
m 0.34
A 14.99
LS-factor 0.36

Previous researches done on the calculation of m factor, which has been
conducted from direct measurements of interrill erosion and splash erosion into
similar ecosystem area, showed closely related 3 and m to those calculated by
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the RUSLE, where the measured 5 and m is 0.51 and 0.34 (Abu Hammad et al.,
2004; Abu Hammad et al., 2003). Hence, RUSLE provides a good
approximation for the ratio between erosion by overland flow and splash
erosion. Consequently, RUSLE calculated LS-factor is a good approximation
to the measured LS-factor for the study area.

Crop management factor (C)

The C-factor reflects the effect of any surface cover related to
management as well as human related activities on soil erosion (Renard et al.,
1991), hence, it is one of the important RUSLE factor.

Actual measurement of the C-factor indicates a higher C value than the
RUSLE calculated one (Table 7). The measured C value is 1.4 times the
RUSLE C-factor. The reason could be the deviation of the RUSLE calculated
sub factors from the actual conditions of the study area. For example, RUSLE
approximates soil moisture sub-factor (SM) according to a fixed soil moisture
replenishment-depletion pattern, whereas this pattern is different in the study
area (Figure 27). RUSLE assumes a linear ascending C-factor over the rainy
season, regardless of the nature of the rain (i.e. intensity, amount, etc.), and the
variation in soil moisture over the season due to the variations in different
climatic parameters (i.e. temperature, wind and humidity). Whereas under
actual condition of the study area; variations during the season might produce
variations in the C factor. The differences between RUSLE and measured C-
factor occur mainly when soil moisture tension is below one bar, whereas
differences are negligible above that range of SMT (Figure 27).

Table 7: Average RUSLE calculated and field measured crop management factor
(C) during the winter season of 2005.

Parameter

Average calculated C* 0.359

Average field measured C* 0.515

*: Values are average of twelve replicates.
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Figure 27: Actual soil moisture variations (replenishment-depletion) pattern
for the study area, with measured C-factor and RUSLE C-factor based on 15-
days periods.

Most of the differences between the RUSLE C-factor and the measured
one took place during January to March. The differences were negligible
during the rest of the season.

Antecedent soil moisture is important since it has a substantial effect on
soil hydraulic properties (i.e. infiltration rate, hydraulic conductivity and
permeability), hence soil hydraulic properties affecting soil erodibility by
affecting soil aggregate stability and the ability of the soil to move water
throughout its profile, both vertically and horizontally. The influence of the
existing management practices through the C-factor is influential due to the
protective effect to the soil surface as well as the enhancement of soil
aggregations and other associated soil physical properties (Renard et al., 1996;
Marceau and Hay , 1999; Foster et al., 2002). As a consequent, relationship
between the measured C-factor, the RUSLE C-factor and the SMT is essential
to adjust for the effect of soil moisture variations at different time of the
season, especially during high moisture content with weak topsoil aggregate
stability. Exponential regression, for the difference between measured C and
RUSLE C-factor with SMT, reveals a highly significant relationship between
these parameters (P<0.01), with R* of 0.55 (Figure 28). This relationship is
useful for the adjustment of RUSLE C-factor to suit the actual conditions of the
study area. The Figure also emphasizes the aforementioned fact: that the main
differences between both C factors occur only under nearly saturated
conditions (SMT < 1 bar). Rearranging the equation of Figure 28 gives the
following equation:

Crneasured = CrusLe F( 5%107+ 0.0933*exp*7"MD _1+10**SMT ) (3)
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Figure 28: Exponential regression relationship for the difference between
measured C and RUSLE C with the soil moisture tension (SMT).

Conservation practices factor (P)

The conservation practice factor is mainly related to certain soil
conservation measure, which will reduce the effect of slope on soil erosion
(Mati and Veihe , 2001). RUSLE computation of the P-factor for terraces,
depends on the spacing between successive terraces. The result shows that
RUSLE P-factor overestimates the actual P-factor (Table 8) by almost 2.8
times (RUSLE P is 0.55, and average measured P is 0.21). Adjustment of the
RUSLE P-factor is necessary, so as to increase its accuracy to predict the actual
effect of terraces in the study area. The adjustment can be done using the
following simple equation:

Pmeasured =0.32% P RUSLE (4)

54



Table 8: RUSLE calculated P factor, and actual measured P factor for the
experimental field plots. Values for measured P are the mean of two replicates.

Plot number RUSLE P factor Measured P factor ~ Ratio between
RUSLEP &
Measured P

1 0.55 0.11 5

2 0.55 0.33 1.7

3 0.55 0.20 2.8

4 0.55 0.13 4.2

5 0.55 0.23 2.4

6 0.55 0.22 2.5

Testing and calibration of the RUSLE model

The process of testing a model aims to define uncertainties related to the
prediction of the model, whereas calibration of the model aims to choose the
best set of parameters, so as to increase its accuracy and predictability for the
actual conditions, and finally to achieve good fit between simulated and
measured values (Grayson and Bloschl , 2001).

RUSLE testing indicates an overestimation of the actual soil loss (Figure

29). The average simulated RUSLE soil loss is 4.8 Mg ha™', while the average
measured soil loss is 2.6 Mg ha™. The ratio between the total measured soil
losses to RUSLE simulation is 0.54. Hence, RUSLE is overestimating the
actual soil loss by almost tow times.
The Nash-Stucliffe efficiency coefficient (Ry) is a measure of the model
efficiency. Nash- Stucliffe coefficient avoids the influence of different scales of
the model output values on the model performance and efficiency (Nash and
Shutcliff , 1970; Refsgaard , 1997; Christiaens and Feyen , 2001b), and hence,
R.? is a measure of the deviation of simulated values from the measured ones.
R, is calculated according to the following formula:

R52 = 1'[ Z (Qsimulated' (zmeasured)2 / Z (Qsimulated' Qmeasured-mean)Z] (5)

The calculation of Rsz, for the simulated RUSLE soil erosion with the
measured soil erosion from the field plots, indicates low efficiency of the
RUSLE model (R,* = 0.24) under the investigated conditions.
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Figure 29: Measured and RUSLE simulated annual average soil loss, for
different experimental plots during 2005. Terraced plots from are 1 to 6 and
non-terraced plots are from 7-12.

To optimize the prediction potential of the RUSLE soil loss estimates,
which aims at increasing the fit between simulated and measured values,
RUSLE equation will be modified according to the calibration, which was done
in previous sections of the report and for different RUSLE factors.
Accordingly, the final modified RUSLE equation will be as follows:

A= I:\)S-years. average * [(KRUSLE *(_0-144"' 0-702*SMT)] *LS* CRUSLE +( 5*10_4"'

0.0933%exp™*""SMD _1#10*+SMT ) * (0.32* PrysLe) (6)

For the calculation of adjusted K and C factors, the SMT is assumed to
be 0.5 bar all the time, which is a valid assumption, since the average soil
moisture tension during the whole rainy season did not exceed 0.5 bar.

The result of the RUSLE calibration process, using the adjusted RUSLE
factors, shows close values of RUSLE predicted soil loss and measured ones
(Figure 30), where the average adjusted RUSLE value is close to the measured
one (1.6 and 2.63 Mg ha™', respectively). The ratio between the total measured
soil losses to adjusted RUSLE value is 1.6. Though, adjusted RUSLE is
underestimating the actual soil loss by about 60%. The calculation of R
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indicates an acceptable efficiency of the adjusted RUSLE model (RS = 0.42)
with the new adjusted factors under the prevailing conditions of the study area.
Further adjustment and future detailed researches are needed for more accurate
and precise calibration of different RUSLE factors to obtain more convenient
soil erosion risk assessment in the study area and other similar area, taking into
consideration the specificity of the climatic and geomorphologic factors.
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Figure 30: Measured and Adjusted RUSLE average annual soil loss for
different experimental plots during 2005. Terraced plots are from 1 to 6 and
non-terraced plots are from 7-12.

SOCIOECONOMIC FACTORS AFFECTING LAND
DEGRADATION BY SOIL EROSION

Land soil cover is one of the basic components of agriculture, especially
in the developing countries of the world, especially those countries having
limited natural resources. In many of these countries, land is currently
subjected to land degradation that is the result of different factors amongst is
soil erosion and human-related factors (i.e. overgrazing, random expansion of
built up areas, pollutions, etc.). Soil erosion, particularly in the developing
countries, creates serious social, economic and ecological problems (Graaf ,
1993; Anderson and Thampapillai , 1990) resulting in severe land degradation.
The word ‘degradation’ in its Latin derivative means reduction to a lower rank
(Blaikie and Brookfield , 1987). When soil degradation occurs, an associated
qualitative and quantitative decline in its productivity will also occur
(Anderson and Thampapillai , 1990; Blaikie and Brookfield , 1987).
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Degradation by soil erosion is a three-stage process; the detachment of
soil particles by raindrop impact; the transportation of the detached particles by
runoff water; and the deposition of these particles in other areas (Morgan ,
1986; Sfeir-Younis and Dragun , 1993). Such processes usually interact with
each other (Graaf, 1993). However, human interference is one of the important
factors that is affecting the rate and type of existing soil erosion (Blaikie and
Brookfield , 1987; Johnson and Lewis , 1995). Human interference may or may
not be deleterious in its effect (Graaf , 1993). In some cases, human
interference may result in the restoration, conservation, and improvement of the
soil properties and create favorable ecosystems (Graaf , 1993). Land
degradation necessitates that soil conservation be an important part of the
agricultural production system. Soil conservation is not only limited to the
technical part of solving the problem of land degradation, soil conservation
may also include any set of social and economic measures aimed at the control
of land degradation (Graaf , 1993). Farmers’ perception of land degradation is
one of the detrimental social factors, it is an important factor in understanding,
as well as adopting different alternatives for controlling land degradation
(Graaf , 1993). The farmers’ perception of land degradation includes, but is not
restricted to, the farmers’ awareness of the problem, their attitudes on how to
solve the problem, and the farmers’ socioeconomic interactions along with
their economic capacity to solve the problem (Graaf , 1993; Kikula , 1989).
Under the arid and semi-arid conditions of the Mediterranean, the land is
heavily degraded, especially in the sloppy areas where grassland, woodland and
forests have been replaced by other Mediterranean annuals since hundreds of
years and as a result of the social, political and economic changes that were and
still occurring (Cocks and Osman , 1996).

Due to its mountainous nature, the study area has numerous stonewalled
terraces that are accompanying the sides of the steep mountains. Many of these
terraces were initially built thousands of years ago. Most of these terraces are
being used for agricultural purposes as they were used in ancient times,
specifically the cultivation of olive groves and vineyards (Edelstein and Gat ,
1981; Ron , 1966). These agricultural terraces cover about 30% of the
mountains in the study area.

The main technical reason for using terraces is that terraces cause a
reduction of the slopes steepness and length, decreasing the role of the natural
slope and length function in the erosion process. Due to the slope steepness and
length reduction, terraces ease erosion as a result of increasing the infiltration
rate, reducing the overland flow’s velocity, quantity and its associated energy
(Wakindiki and Ben-Hur , 2002; Gachene et al., 1997).

Palestine in general and the study area in specific are subjected to
negative environmental and socioeconomic changes, especially after Oslo
agreement in 1993. These changes led to either partial or complete
abandonment of large terraced areas. The abandonment of terraces caused
terraces deterioration and a consequent increase in soil erosion and land
degradation. Added to the deriving forces of land degradation are the fragile
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ecosystem prevailing in the area where its mainly characterized by semi-arid
conditions, erratic rainfall events and long drought periods with poor vegetative
cover, resulting in severe runoff and soil erosion (Soil and Water Conservation
Society , 1994).

Study area, Agro-climate and settlements pattern

The study area was selected based on the presence of soil conservation
techniques, in addition to the similarities in land use, topography, as well as the
prevailing management practices. Besides, the study area has been chosen so as
to represent two main climatic and geomorphologic characteristics for
comparison between diverse ecosystems as well as socioeconoOmic settings
related to the prevailing environmental conditions.

Based on the mentioned criteria, twelve villages in the study area were
chosen to conduct the field survey of the socioeconomic factors affecting land
degradation (Figure 11). The study area represents a typical terrestrial
Mediterranean ecosystem with limited arable lands. The shortage of arable land
has been compensated by the construction of an extensive system of terraces to
minimize soil erosion, and suit the land for agricultural uses. Terraces are
mainly concentrating in the western part of the study area due to the diverse
and rough geomorphology existing in this part, whereas in the eastern part,
terraces are not common due to the nature of the topography as well as the
prevailing climate (mostly the area is level with low amount of rainfall not
exceeding 150 mm annually).

The total area of the watershed is about 128.9 km® with a total
population of 36,284 in 2006, constituting about 3% of the total watershed
population. The total built up areas of the surveyed villages is about 8.7 km?,
comprising about 6.4% of the total watershed area.

The villages that have been surveyed acquire diverse geomorphologic
and climatic characteristics. The watershed area has a shallow (< 50 cm) to
moderate (50-100 cm) soil depth and moderate to steep slope (7-14° and >14°
respectively). The elevation ranges from -230 m to about 1000 m above sea
level in the eastern and western part of the watershed, respectively. Distinctive
summer and winter season characterizes the area. The mean annual rainfall
ranges from 150 mm to more than 600 mm in the eastern and the western part
of the watershed area, respectively. Most of the rainfall (>90% of the mean
annual rainfall) occurs in the winter period during October to April (Ministry of
Transport , 1998), and there is no rainfall during the summer. The mean
monthly temperature is 21 °C and 17 °C in the eastern and western part,
respectively. This caused a high mean annual potential evapotranspiration of
>2000 mm especially in the eastern part of the watershed area (Land Research
Center , 1999). July, August and September are the hottest months of the
summer season (Ministry of Transport , 1998). According to USDA
classification, the soil temperature and moisture regimes are Thermic and Xeric
respectively in the western part, whereas its hyperthermic and aridic in the
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eastern part (Sternberg and Shoshany , 2001; Goldreich and Karni , 2001; Soil
Survey Staff , 1998). The geological formation consisted mostly of limestone,
marl and dolomite of the Turonian age (Abed , 1999). According to USDA
classification, most of the soil of the watershed area is classified as Xerorthent
in the western part and natrargid in the eastern part(Land Research Center ,
1999; Dan et al., 1976), with clay to clay loam soil texture of the surface and
sub-surface layers (0-15 cm and below 15 cm), respectively. Whereas in the
eastern part, the soil texture is mainly silty loam to silty clay loam, for the
surface and sub-surface layers, respectively.

Natural grassland and Woodland shrubs comprise the largest area of the
watershed followed by olive groves and field crops (Table 9). During the
wintertime, natural grassland has thick surface coverage in the western part,
whereas the surface coverage at the same time period is sporadic and thin in the
eastern part. During the summer time, most of these grasslands disappeared due
to lack of soil moisture, overexploitation by the inhabitants as well as
overgrazing in both parts of the watershed area.

Table 9: Different land uses existing in the study area.

Land use category Area (km®) % Of total watershed
area

Field crops 14.124 11.0

Natural grassland and 89.828 69.7

Woodland shrubs

Olive groves 16.660 12.9

Built up areas 8.753 6.4

Land ownership, geomorphology, farmers’ perception and adoption of soil-
moisture conservation (terraces)

Pearson correlation coefficient measures the strength of the relation
between two variables, whether this relation is positive (i.e. directly
proportional) or negative (i.e. inversely proportional). Pearson’s correlation
coefficients between land ownership, geomorphology of the land, farmers’
perception and adoption of soil conservation measures such as terraces, and the
farmers’ willingness to adopt soil conservation practice (terraces), are
presented in Table 10. Table 10 reveals significant correlations between land
ownership and the farmers’ adoption of terraces (0.219). This relation means
that the adoption of soil conservation measures increases by increasing the
privately owned land by the farmers and vice versa, which is considered an
important incentive for the farmers to take care of his land if it is owned by
him, while when the land is not owned by the farmers, he will loose the
interests to preserve it and he will concentrate only on getting more and more
benefits from it (more productivity); once the land loose its value, the farmers
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would move to another land to get benefits from it. Table 10 also shows a
positive relation between adoption of terraces and the geomorphology of the
land. This statistically significant relationship emphasizes that topography
(steepness of the topography), the shape and size of the topography as well as
the soil surface cover (i.e. land uses) has key factors on the farmers’ decision
on whether to adopt terraces or not. Land with steep, concave or convex slope
with tiny vegetative cover acquires more importance to be rehabilitated and
terraced than leveled and non-sloppy areas. The adoption of soil conservation
has also significant negative relation with the productivity of the land (from the
farmers’ point of view) that has conservation practices as well as with the
farmers’ continuous maintenance of such conservation practices (i.e. terraces).
Such negative relations mean that farmers with high productivity of their land
do not perceive well the benefit of soil conservation, which might be due to
their small experience in such conservation practices as well as their lack of
interests (due to the high productivity of their land); in addition, these farmers
do not maintain such terraces because they do not feel it is necessary to do so
due to the high productivity their land has. Another important and significant
relation can be found between the farmers’ adoption of terraces and the
farmers’ needs for different inputs for maintaining such terraces, although the
relation is in the negative direction. This negatively directed correlation reveals
that farmers’ would adopt terraces in a lower rate as their needs from different
inputs for conducting conservation increase and vice versa. As a consequent of
such negative relation, it is obvious that incentives are necessary to encourage
farmers to adopt conservation measures. Such incentives could come from
either the private (NGOs) or the public sectors (the governmental institution).

Table 10: Pearson correlation coefficients between land geomorphology,
ownership with farmers’ adoption, perception and incentives for adoption of
soil conservation measures (terraces).

Land ownership Farmers’ adoption of

Different studied variables soil conservation
Farmers’ adoption of terraces 0.219*°

(soil conservation)
Geomorphology 0.198" -0.104
Farmers’ perception of the -0.025 0.006
benefit of soil conservation
Productivity of land with and 0.055 -0.269*
without terraces (farmers’
perception)
Farmers’ maintenance of soil 0.047 -0.508*
conservation
Farmers’ needs for -0.035 -0.152*

maintenance (incentives)

* Significant at P<0.01.
® Significant at P<0.05.
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Unfortunately, there are no systematic methods of supporting farmers with
their basic needs to encourage them on the adoption of soil conservation from
both type of institutions; private and public.

Generally speaking, land ownership and geomorphology, land
productivity with and without soil conservation, the needs to maintain and
utilize existing conservation practices are important variables affecting the
farmers’ perception, willingness and adoption of the conservation measures. To
identify the most influential set of variables among the different variables,
logistic regression was carried out between these variables. The output
regression equation (equation 6) indicates that farmers who adopted terraces for
soil-moisture conservation were mainly those privately owning the land and
those who are getting more benefits (high productivity) from such conservation
practices. Private ownership encourages the farmers and provides them with
more incentives to conserve and manage their own land in the proper way
(Figure 31). Land rent is a common practice in the area for people who cannot
afford the high land price. The system of land ownership motivated the farmers
to apply soil-moisture conservation measure because they became sure of
reaping the benefits (Moore and Burch , 1986b), whereas the system of land
renting was found to decrease the farmers’ motivation for applying soil
conservation, mainly due to the loss of insurance that they will reap the benefit
at the end of any conservation process (Moore and Burch , 1986b; Moore and
Burch , 1986a).

Farmers who adopt soil conservation (terraces) = -1.635 - 0.978 * (high
productivity “code = 1) + 0.720* (private ownership “code = 1) 7
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Figure 31: Count of privately and rented land with and without adopting soil-
moisture conservation (terraces).
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With regard to the effect of the farmers’ perception of the benefit of soil
conservation on the adoption of such conservation measures, logistic regression
indicates that farmers, who have level land with deep soil, perceives the benefit
of soil conservation more than other farmers in the sloppy area with shallow
soil depths (equation 3). About 40% of the farmers who have level and deep
soil farms perceived all the beneficial components of using terraces (Figure
32), whereas only 20% of the farmers with sloppy, mountainous and shallow
soil depth farms perceived the same benefits. The main reason, for such a
difference in perception of the benefits of soil conservation (terraces), is that
farmers with soil conservation are getting direct benefits from such techniques
(increase in productivity and the net profit), whereas farmers with no
conservation are lacking these benefits and though they do not perceive well
the benefits of terraces. This result emphasizes the effect of the direct benefits
of soil conservation (terraces) on the farmers’ perception and willingness to
adopt soil-moisture conservation measures (Moore and Burch , 1986a).

Farmers’ perceived the benefits of soil conservation = 2.882 + 0.112 * (level
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Figure 32: Geomorphologic categorization of all the farms in the study area
with the farmers’ perception of the benefit of soil-moisture conservation
measures (terraces).
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Relation of tenure size, land fragmentation and institutional support with soil
conservation

Land fragmentation due to the traditional law of inheritance is
increasing especially in village areas with large family members (i.e. brothers
and sisters) (Christiaens and Feyen , 2001a). The process of land redistribution
that is taking place in the study area, mainly by inheritance, is considered as an
important factor undermining the decision-making for achieving a sustainable
land use and to better conserve the lands by the application of different land use
strategies, which will ultimately hinder the investment in soil conservation.
Redistribution is also increasing the uncertainties and insecurities of farmers’
returns from any future investment on soil conservation (ERDAS Inc. 1995).
Hence, the farmers’ willingness and adoption of different soil conservation
measures can be negatively affected by decreasing their tenure size through
inheritance. In turn, the decrease in the farmers’ tenure size may result in a
decrease in the expected benefits. A high risk of profit-failure is also
accompanied with small tenure size, especially when soil conservation with
high initial costs is applied. The analysis of farmers’ adoption of soil
conservation, the maintenance needs for such conservation and the different
land tenure characteristics is shown in Table 11. The analysis indicates
significant correlation between the farmers’ tenure size, the price of
agricultural land, the degree of interests in agricultural land, and with the
farmers’ adoption and maintenance of soil conservation. All the
aforementioned correlations show a positive direction type of relationship
except with the relation between tenure size and the farmers’ maintenance of
soil conservation, where it is a negative relation. This means that a decrease in
the tenure size is associated with an increase in the farmers’ maintenance of
soil conservation measures (Table 11).

Table 11: Pearson correlation coefficients between farmers’ adoption of soil
conservation and conservation maintenance with land tenure characteristics.

Farmers’ adoption Farmers’ maintenance of

Studied variables of soil conservation soil conservation
Farmers’ tenure size -0.044 -0.099"
Numbers of the family 0.061 -0.099
members (brothers & sisters)

Price of agricultural land 0.335*" -0.038
Agricultural land sold for 0.087 0.147
construction’s purposes

Degree of interest in 0.053 0.166"
agricultural land

* Significant at P<0.01.

® Significant at P<0.05.
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When small size tenure farmers anticipate the same or lower benefits
from the application of soil conservation, with the association of high risk of
failure to get a desirable yield that would support the substantial installation
cost, maintenance of soil conservation will be apriority of the small tenure
farmers’ decision making (FAO and UNEP , 1984). At the same time, farmers
with large tenure size, with comparatively higher and more stable economic
status, have less willingness to adopt conservation measures due to the
presence of other economic alternatives compared to the small tenured-farmers
who do not have such alternatives. The reason can be attributed to the
economic durability of both types of farmer; smallholder farmers are less
economically durable than large holder farmers, especially in the long-term run
(Abu Hammad et al., 2003).

Land fragmentation, mainly due to inheritance, is one of the important
factors affecting the development of the agricultural sector. Land fragmentation
hinders the application of mechanization and efficient agricultural production.
Results show that about 30% of the interviewed farmers have a tenure size of
less than 0.5 ha (Figure 33). Most of these farmers have a large number of
close-family members (4-8 and more than 8, see Figure 33) with the right of
inheritance (brothers and sisters), which reduces the farmers’ ancestors’ large
property. At the same time, only 10% (accounts for only 15 farmers) of the
interviewed farmers have a property size of greater than 5 ha (Figure 33), most
of them is either farmers with a small (1-3 family members) or intermediate (4-
8 members) family size or they are rich farmers. Rich farmers can afford to buy
more land and increase their tenure size. An important effect of the tenure size,
which is also contributing to the weakness of the agricultural sector, is
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Figure 33: Number of cases for different categories of farmers’ siblings with
their related tenure size.
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that smallholder farmers are more likely to sell their land than large holders
(Figure 34). About 50% of the farmers, who were involved in selling
agricultural land for construction purposes, are among those farmers with
tenure size of less than 1 ha (Figure 34). Whereas only 15% of the farmers
involved in selling the land are among those having a property size of larger
than 5 ha. Again, this is mainly due to the durability and the economic status of
both farmers. Large size tenure farmers are more financially durable and richer
than smallholder farmers. The main incentive for smallholder farmers to sell
their land is the immediate profit represented by the high land price.
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Figure 34: Number of cases for different categories of the farmers’ tenure size,
with the option whether farmers sell their land or not.

As the price of land increases, farmers intend to sell their small tenure
for construction purposes. The attitude of the smallholder farmers should alarm
the public and private institutions that are interested in the preservation and
development of the agricultural sector. The attitude of the smallholder farmers
necessitates a counter action, by the private and governmental institutions, to
either reduce or eliminate this phenomenon. This action might be the initiation
of new regulations concerning land uses and land fragmentation, in addition,
incentives especially to smallholder farmers might be an effective tool to
counter act the farmers selling his land for other uses.

Even though 90% of the interviewed farmers are not getting any direct or
indirect support from both public and private institutions, these farmers are still
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involved in conservation activities for their land through terrace constructions
(Figure 35). The lack of any kind of incentives for soil conservation, either
direct or indirect, is a major driving force for the farmers to sell their own land
(Martinez-Casasnovas et al., 2002). Another possible reason for this attitude is
that these farmers need many agricultural inputs to properly preserve and
develop their agricultural lands (Figure 36), which they cannot afford due to
their low economic situation. Most of the farmers indicated the needs for
financial support through a long-term loan system; however, this is not
common in the study area. Besides, a necessary infrastructure, marketing and
storage facilities for the agricultural products are either insufficient or lacking
in most of the cases (Figure 36). The overall effects of the aforementioned
factors are: (i) the low agricultural production due to improper conservation,
tillage and other inputs, (i) the weak economic capacity of the farmers for
conservation and development of their lands, and (ii) the high risk of losses
encountered by the smallholders’ farmers as a result of the imbalance in their
competition capacity with other large holders’ farmers. The final attitude of the
farmers, especially the poor ones, would be giving up their land ownership for
immediate profits by selling their lands. A comparison of the farmers’ attitude
of selling the land with the support they are getting emphasized the farmers’
trend to abandon agricultural activities for other activities that are profitable
(Figure 37). About 75% of the farmers who did not get any support sold part or
all of their agricultural land for construction (Figure 37), mainly because of the
high prices offered.
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Figure 35: Number of farmers’ who adopt conservation practices (terraces)
with and without getting outside institutional support.
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Figure 36: A comparison for the farmers’ needs of different agricultural inputs
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Unplanned shifting of agricultural land to other type of land uses,
particularly to construction for urban uses, would bring negative consequences
on the environment. More urban expansion would bring more pressure on the
existing natural resources, especially the agricultural land, with more pollution
and overexploitation of the agricultural lands to satisfy the increasing needs of
the population, which will end up with more deterioration of the existing
natural resources (Pimentel , 2000; Hussein , 1998a).
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Figure 37: Farmers’ behaviors of selling the land with and without getting any
type of support.

Among the necessary steps, that can reduce the farmers’ attitude and
decrease the effects of land use changes on the agricultural sector, are the
following recommendations and actvities: (1) enhance the role of the private
sector, which can be done by increasing the governmental support, control, and
the creation of new institutions, as well as developing the existing ones
(Sternberg and Shoshany , 2001), (ii) provide a framework for proper
legislations, aiming at the protection of the environment and ensuring
sustainable use of the resources (Goldreich and Karni , 2001), (ii1) enhance the
principle of the participatory approach of the community, which includes the
community participation in the formulation of the agricultural policies and
strategies (Nash and Shutcliff , 1970), as well as the foreseen activities to
achieve such policies, (iv) develop the loan system of the agricultural sector.
The development can be done by the direct support of pioneer and high-
returns’ projects, the introduction of new and non-traditional methods of
support, and the creation of a comprehensive system for insurance in the
agricultural sector, (v) provide incentives, along with the necessary regulations,
aiming at the reduction of agricultural land fragmentation and its consequences
on the environment, and (vi) develop a comprehensive and a well maintained
service system for the agricultural sector. This system should include
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agricultural infrastructure (i.e. roads, storage and transport facilities) and
services (1.e. marketing and agro-industrial capabilities).

HISTORICAL LAND DEGRADATION IN THE STUDY AREA
Population, urban expansion and land uses

The study area has been subjected to large increase in population during
the last 70 years (Table 12). The most influential and high increase occurred
during the last 7 years (from 1997 to 2004), which marked the Oslo agreement
and the consequent increase in the economic activities prevailing in the area, as
well as the partial release of political crisis that were existing before Oslo
agreement, which led to an increase in the economic, health and social
situations that cause a final and abrupt increase in the total population. It is
estimated that the total population has increased by about 4 times the
magnitude since 1931, with about 4% annual growth rate during the same
period (Table 12). From this change of population, the period after Oslo
agreement has contributed largely to such abrupt increase of population and
estimated at more than tow times the magnitude of that existing in 1961. The
large and drastic change in population is accompanied by a remarkable land use
changes, especially those related to

Table 12: Population growth in different villages of the study area since 1931.

ulation number 1931 1945 1961 1997 2004
Name of built up a
Rammon 744 970 1186 2248 2992
Silwad 1635 1910 3215 5121 6760
An nwei’ma 149 240 240 840 1092
Yabrud 254 300 349 487 642
Dura al Qari’ 303 370 576 1937 2553
‘Ein Yabrud 788 930 1501 2514 3315
Deir Jarir 847 1080 1474 3042 4010
At tayba 1125 1330 1677 1496 1982
Deir Dibwan 1688 2080 2812 4894 6457
’Ein siniya 288 330 431 533 702
Beitin 566 690 1017 2153 2844
Ad Doyook 291 730 730 588 764
Total population 8678 | 10960 | 15208 | 25853 | 34113

built up areas. The consequent results of built up area expansion on the
expenses of other type of land uses would affect future potential of the study
area, especially the potential for agricultural production for food self
sufficiency (Plaut , 1980). Chronological analysis of the available data on
different land uses in the study area (since 1940 to 2003) indicates that the area
has been subjected to drastic land use changes (Figure 38). Amongst the most
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influential land use that is contributing to land degradation is the expansion of
built up areas on the expenses of other land uses (i.e. field crops, pasture and
natural vegetation areas). It is estimated that the built up areas existing in the
study area has been increased by almost 51 times the magnitude of that in 1940
(Table 13). This expansion resulted in negative environmental consequences;
amongst the most important consequences are the following:

Land uses in 196
>| [ Built up area

Land uses in 1940

Built up area -
= Field chps :l:l ?reelgscrops
[ Pastures [ Pastures

Land usesin 1994 °
I Built up area

Land uses in 198

I Built up area

[ | Field crops Field crops
[ Trees Trees
[ ] Pastures Pastures

Land uses in 2003

[ Built up area
Field crops

Trees 4 0 4 8 Kilometers

[ ] Pastures

Figure 38: Different land uses in the study area during different time periods
(1940 to 2003).
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. Increase the sources of pollutions (Shuqing et al., 2006), especially
those related from different activities located in the built up (i.e.
pollution due to sewage water, solid waste and industrial solid and waste
water, etc.).

. Increase the pressure on other available land resources due to the
decrease in the land devoted to such land uses (i.e. agricultural land,
nature reserves and biodiversity areas, etc.). Such pressure causes the
over exploitation of some of the available resources, such as water and
biodiversity genetic resources.

. Due to the rapid expansion of built up area in comparatively short period
of time (i.e. about 60 years time frame), a random and unplanned use of
resources, accompanied by random development of land uses, which can
be noticed by the lack of land use plans, city planning as well as the
inappropriate uses of available lands inside and adjacent to the built up
areas.

. Decrease the area devoted to other land uses, such as those devoted to
grazing (natural pastures) and the consequent overgrazing activities
associated with the decrease in the grazing area. For example, the area
devoted to pasture has reduced by about 15% (equivalent to 16000
dunums), field crops area decreased by about 40% (equivalent to about
6970 dunums), and the trees, specifically those cultivated with olives
has increased by about 20% (equivalent to about 2928 dunums). The
increase in olive plantation can be explained on the basis of increasing
dietary needs of the increasing population, which necessitates the
increase in cultivated olives to cope with the increasing demand of the
population, in addition to the low production inputs needed for olive
plantation (i.e. cultivation, harvesting, pesticides and fertilization, etc.).
Whereas the decrease in other land uses can be explained on the basis of
the lack of land for urban expansion, especially that most of the urban
expansion is concentrating in level areas located in the plains (such as al
Balo’ plain and Tormos ‘Ayya plain). These plains are well known of
their high suitability for field crops cultivation where it has been
practiced since long time.

Amongst the most important effect of land use changes is over grazing that
is taking place in the study area. It is estimated that the total livestock (goats
and sheep) existing in the study area is about 45870, comprising about 46% of
the total livestock existing in Ramallah Governorate (the total number of sheep
and goats is about 100500 heads). A rough estimate of the grazing density
(number of sheep and goats per dumun) indicates that in 2003 the grazing
density is about 0.5 head per dunum. The annual grazing capacity of
pasturelands is estimated at about 30 kg of dry matter per dunum (Qannam ,
1997). The annual amount of dry matter required by one head of sheep or goat
is estimated at about 500 kg (Qannam , 1997). Thus, the size of area needed per
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one sheep or goat is about 16 dunums per year (500+30) to satisfy its basic
needs as well as to provide its dietary requirements for moderate production.
Hence, the total number of the existing livestock (45870 heads of sheep and
goats) needs about 764500 dunums of natural grazing land. The total area
available for grazing is only about 94000 dunums, resulting in a deficit of about
670000 dunums. Thus, adding more pressure on the natural grazing area and
leading to extreme over grazing. This situation has led to either the total
disappearance or the high risk of threats to many natural plants, especially
those plants which are known of its palatability (For more details on palatable
plants exist in the study area see Appendix number 5). This situation has led
to the concentration of unpalatable natural plants (See Appendix number 6 for
the unpalatable plants that exist in the study area) in the area, which are
known of their low protection against rainfall impacts on soil surfaces, and
though leading to high risk of erosion and land degradation.

Table 13: Different land uses existing in the study area during different time
periods.

Different land uses (Dunums)
1940 1967 1987 1994 2003
Year
Built up area | 146.1 532.7 448.8 7094.6 7556.4
Field crops 18094.0 5362.8 5718.0 5261.8 11123.8
Trees | ...... 13116.5 14648.2 21228.8 16044.4
Pastures 110567.8 109884.8 108094.9  95013.4 94029.7

Adding to the scene, the increasing poverty rate in the area has led to
worsen the situation, that is resulting in many of the inhabitants of the area are
collecting medical plants for commercial purposes, which has led to more
deterioration in the situation of the natural vegetation and so enhance the rate
and the degree at which land degradation is taking place.

Analysis of the questionnaire with regard to the palatable plants for
grazing animals as well as for commercial use, indicates that about 30% of the
surveyed farmers are grazing the plants residue after harvest (Figure 39), which
is a common practice in the area, causing the sharp low organic matter content
of the soil, and hence a decrease in the fertility status as well as in the physical
characteristics of the soil (i.e. weak aggregation), which contributes more to the
ongoing process of land degradation (Pimentel , 2000; Morgan , 1986).

The analysis of the questionnaire indicates also that about 20% of the
surveyed farmers are involved in collection of certain medical plants for
commercial uses (Figure 40). Such commercial use of these plants adds more
pressure on the surrounding environment, where large quantities of these plants
are being collected for such purpose. Medical plants are well known of their
characteristics in protecting the land against the direct rainfall impacts, and
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hence, decreasing land degradation by soil erosion. In addition, many of the
inhabitants of the study area are also gathering medical plants for their own
household use, adding more pressure on the natural vegetation and increasing
the threat to lands. Most of the medical plants that are being collected either for
commercial or for household use are Chamomile and common mallow (Figure
41), as indicated by the farmers themselves.
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Figure 39: Relation of sheep and goats farmers ownership with the common
practice of grazing plant residue.
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Figure 40: Collection of medical plants for commercial use by the farmers.
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Figure 41: Type of the most heavily collected medical plants for commercial
use by the farmers.

Added to the many reasons and causes of land degradation that is taking
place in the study area, an important factor can also be mentioned which is the
use of herbicides for getting red of the undesirable weeds (Figure 42). In fact
this practice is increasingly become a common practice of the framers,
especially those who have another source of income other than agriculture.
This practice is being done for these farmers to reduce the time needed for land
preparation and weeding by replacing the normal plowing for weed control
with the use of herbicides. The use of herbicides affects all type of weeds,
including those that might have positive effects on the soil physical properties
(structure and nutrients) as well as soil fauna, especially those having symbiotic
relationship with different types of plants (i.e. rhizobium bacteria). In addition
to the effects on soil properties and plant types and density, the use of
herbicides might cause pollution of ground and surface water, especially those
type that are well known of their resistance to biological depletion or those that
need long time to reduce their concentration.

75



100

80

60 1

Percent

40

20

Yes

Famer uses herbicides

Figure 42: Number of farmers using of herbicides for substituting cultivation
practices (plowing).

CONCLUSIONS

Existing soil management and practices are important means to reduce land
degradation by soil erosion, especially under the semi-arid conditions of the
study area. The calculation of the different RUSLE factors, along with the
validation process that took place by the use of plot-soil erosion measurements,
is also important for enabling future use of such model by land use planners
and conservationists. Generally speaking, the study revealed the following
conclusions:

1. RUSLE overestimated the annual soil loss in the study area, which could
reach almost tow times the measured soil loss.

2. Adjustment of RUSLE factors (K, C, and P) according to the local
conditions of the study area is necessary, so that RUSLE simulation of
soil loss will be more reliable and accurate.

3. The adjusted RUSLE, for the study area, gave very close values to the
measured ones (1.60 Mg ha”' and 2.63 Mg ha™, for simulated and
measured respectively). It underestimates the measured value by 60%.

4. It is recommended, for more reliable calibration of RUSLE to the
Mediterranean conditions of the study area, to conduct more long-term
soil loss experimentation and measurements, especially for the rainfall
erosivity (R) and soil erosdibility (K) factors, so that more precise and
reliable RUSLE factors can be derived.

5. Calibrated RUSLE equation, may serve as a good tool for land use
planners, and for future management practices of the area. It also
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constitutes a base for future researches of soil erosion in the study area
as well as other areas with similar conditions.

6. The socio-economy of peasants in the study area has an influence on
land degradation that is taking place.

7. Adoption of soil conservation measures in the study area was found to
significantly correlate well, but in the negative direction, with the land
productivity, whereas it significantly correlates with land
geomorphology (i.e. degree of steepness and soil depth) and the type of
ownership.

8. Private ownership of the land was the most influential incentive for the
farmers to either maintain existing soil conservation measures or adopt
new ones.

9. More than 60% of the interviewed farmers, who either have soil
conservation measures or do not have, perceived the positive
environmental impacts of these measures.

10. Farmers’ tenure size has significant correlation, but in the negative
direction, with the farmers’ maintenance of the existing conservation
measures.

11. The adoption of terraces in the study area has a significant positive
relation with the price of agricultural land offered for non-agricultural
uses.

12.Land use changes, especially form agricultural and natural vegetative
areas to urban type of uses, necessitates the need for comprehensive
planning as well as incentives to minimize this phenomenon and reduce
its negative impacts.

13. Most of the land use changes took place in the study area were devoted
to the increasing demand on built up area as a result of the high
population growth achieved in the last 10 years.

14.1n addition to the natural causes of land degradation (i.e. soil erosion)
the study area is also being subjected to human induced land
degradation as a result of the misuse of resources (i.e. heavy collection
of medical plants) as well as the adoption of inappropriate management
and conservation practices (i.e. the use of herbicides, overgrazing,
methods of terracing and contour plowing, etc.).

15. These human induced land degradation activities necessitate programs
for environmental awareness directed t o the farmers themselves, in
addition, to a set of standards, laws and bylaws focusing of
mismanagement, land fragmentation, and the misuse of the available
land resources.
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APPENDICES

Appendix number 1: Different combinations of land uses, soil types, rain and slop categories used for soil sampling.

Appendix number 4: The questionnaire to study factors contributing to land degradation in different villages of the study area

(sl plaald s (A Lol 5 (ol HY) ) g0 il

B)\JA[

= [

dalal) il slaall £ 5

A5 ol
& gasall ‘;A..'\hﬂ\ & Sal)

G0 gl [ sl [ ool e [

s dualidiall Llauy) a8

el )Y clddadiad < J Y 6 sal)

48 e [ 3 yalio [ oald el [

85




A de) 38 o ) addiad 2
(as) Sile pe [ Qs Jualaa [] Glgpma [ &Sl il [ g5y

Walas g i) ;59 ol ) dlas) 8 Aliladl 310 ¢ gl Ja L3
Oea¥l pan ] Y[ ax[]

Ll i Ao Bliall Lggal o8 AN JSLaal) & L 4
(Feas) & ye [1 (o) )l 5 aban g &l jariins) Al clond [ (2 Y1 e Lliall ol ae ) 3B [ aloaNI (] myS (salddl 250 yal) A8 [

A i A Ja 5
e [ Lell Lla(] 4 s [

i), qbuas o ggaidual f 2 .6
Y el

iy 8 2 Gl chlaal)l (e S axe s Ja 7
YO YO (]

il Giaadly chlaali sda Ja .8
oIV mslecamsCunalgiany [] 0 L[] Gaa[]

O el e laal) cabaty) cuiladl SN ¢ )

Apaall ol Ay A B (Sl Juaili o9
Al ] A0

86




$A Al Sdligga Bl o) |10
(as) s ye [ elaal ] goluasl [

(13 Jpes A JELY) £la ) ¥ lay) cils 1)) Salid ] dlaie aa sy Ja .11
VI aal]

CalE Y gy, 2 L 12

YO D

slibhia B ALEY) Wile 5 LAl Aadal) cliLl) £1980 A L 14

3 3 3 3

[ Jr——

felibhia 8 ALEY) LSl Y AN ddal) clildl) g1 930 A L 15

3 3 3 3

Cmmmm

(18 Jipea (A Jiii) ¥ ulay) cils 1)) € gl sy daplal) SULAY pand J2 .16
YO sl

Seliihia (pa gl s Lgand Al Lgdal) i) 1651 A L 17

3 3 3 3

[R—

SAlilal) 8 ¢ slany ) 318 2xc g8 La 18

87




tdlilad) A de) 30 A ¢y slary ) 31 EY) dae g8 La 19

(24 Jlpwa (A JELY) pla ) ¥ ilay) caits 1)) (Aaaall) 4 80 7 A Alilad) 3 81 aai Jars 8,20

Y el

1A Al 7 A ¢glany cpdl) Alilal) 313 e g L 21

(24 3eu () JELY) £l ) v 1) B aial g o2 ¥ Ao Bliall 4 glhal) Jlas) B a1 341 /0,40 18 & Ly Ja 22

YO (]

aliie) 8 Gl 9o L (gl W) (8 Jary S 0l ) 123

(L SY) oAl [ Jead) g delidl axe [ 48l 4 Slalsagmgpae [] 2 M gl jigiane [

LK

de) )3l il D Sl gall as ) ol ¢ jad)

o gal) (o 0L pdilaa & gl sdila aoa clilia Ja 24
YO el

LaadS ] dpasSa e [1 AnesSa[]

acall 13 dagh AL 26
Wapl [ Geswiclead [] dissidn ] zWledas] gal[]

88




L g5 Y [

LSl

S0 gUall acal da P cilabday) doBL AL 27

() ey ye (1 SAWJST] sy [] Gesdcilena [ dgsidm[] gl oSl k(]

(30 J3ea (o JELY Y Llay) s 1) Sl ) a8 5 g Malualy cad G5 o J4 28
Y sl

f(ad99) Aalaiviall & Y dalu & e 29

i) o gl sl g3l

Oloaadl g qulabiaal) oda Jand 13lal (15 230
Lol sk, kis [ oSide) ) dalue pési (] Ca ¥ s [] A Gl sl gia [

<

pnd Lla ¥/ cadls 1) S 9 \giibuay o 585 Jgd )i B Ao ) hilaa dlllia ls 1Y) 31
(33 e ) S

YO el

A Guad) Gl (50 Lgtiluay ol al )32
Solae e i Y [ G L W jasiase [ lead) 5 dpald) Lgiailé e [

Gl L 225 Y (3hide; 4 jlia ubliaall 028 glii] of culia¥ B .33
GAY[] Jii [ 0

Sablaal) oda &) ja a8 i 34
Qa3 Lenl] oSS b sl

89




fahlaall 038 Liamdy asii A 35
Ma s

Shabiaall 33 4 dad o) laudl £ 55 98 e 36
Laad< [] S sbasS Slans [ @b oy [

Sl )l B 401 jad) Ja Qlie V) Gl asdiad Ja 37
Y[ axi [

el N1 Asla il o pualdd) ¢ jal)

dan gSla Al ol Y dalua Ja 38
25320 e B[] 252502000 a52100-50 1) 352100 (e xS ]

Ll LSl ) dlia ) dabwsa Ja 39
a5 e B[] ai5310-5 ] a5220-100] A5350-2001  ai52100-50 [

ekl il g liga) 230 oS 40
fdliles g dlales| 22e oS 41

aldiy)  Jdo 50 g ol Y ppw il 5 3ad)

ey B A de) 3N el V) el G2 42
32000 5« B 14425000 -2000 11 220000 -5000 11 s 20000 e S

Tl A Lgal i cy AY Ga ) g cadly o J2 43
YO el

90




o) (B Lgal iy (0 AY agudal )l o iy B B e )3l ashs A 44

Y[

pi [

Aiial) A ) 3l pudal ML Aglinl) ) calial Jgd Uil Wil aaliedi e ) )3 (pudal ) lany IS 1Y) 45
A0 E L

Appendix number 5: Palatable plants exist in the study area.

BAw Y]

Palatable Species

Latine name English common name Arabic common name
1 |Campanula Strigosa Strigose Bell Flower ool 58
2 |Erodium malacoides Mallow Stork's Bill Jsaadl s )
3 |Lamium moschatum Musky Archangel dalaall iy A
4 |Linum mucronatum Yellow Flax il (S
5 |Linum pubescens Pink Flax SR U
6 |Calendula arvensis Field Marigold Al e
7  |Anthemis Palestina Palestine Chamomile shrhuld o a8
8 |Scandix Pecten-veneris Shepherd's Needle = Ui
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9 |Ridolfia segetum Ridolfia G R Oy
10 |Ferula communis Common Giant Fennel Al
11 |Eryrgium Creticum Syrian Eryngo Lra
12 |Malra Sylvestris Common Mallow [
13 [Tribulus Terrestris Puncture vine Dsandl sy
14 |Vicia Peregrina Narrow-leaved Gl
15 |Vicia narbonesis Broad leaved vetech ould 4
16 _|Vicia ervilia Bitter vetch A L S
17 [Trigonella kotschyi Trigonel 4 Al
18 |Tetragonolobus Palestinus Palestine Winged Pea drp (g sila A
19 |Pisum Syriacum Dwarf Pea L eVok
20 |Onobrychis crista - galli Cock's - Comb Dsandl sy
21 |Medicago spp. Medick Jg
22 |Medicago orbicularis Flat-pedded Medick =N e
23 |Lathyrus incoripicuus Small - Flowered bl
24 |Lathyrus cicera Flat-pedded Pea A
25 |Hippocrepis Unisiliquosa Horse - shoe Veteh oo Al 393y yall
26  |Astragalus hispidulus Milk Veteh prall (Al calae
27 |Stipa capenss Twisted - awned spear grass daaall (Ji
28 |Polypogon monspeliensis Annual Beard grass =l i
29 |Poa bulbosa Bulbous Meadow - grass gld
30 |Phalaris spp. spiked grass DAl
31 [lolium temulentum Annual Darnel Al gl
32 |Hordeum spp wild barley gl il
33 |Cynodon dactylon Bermuca grass Je
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34 |Brornus tectorum Downy brome grass 3y s
35 |Avena sterilis Wild oats S Ol s
36 |Aegilops spp. Goat grass Dl gl il e
37 |Roemeria hybrida Roemeria A
38 |[Trigonella stellata Star Trigonela Ji
39 [Trifolium purpureum Purple Clover e
40 [Sisymbrium septulatum Large-flowered Rocket ial sl
41 |Sinapis arvensis Charlock JaA
42 |Erucaria boveana Erucaria oo
43 |Diplotaxis erucoides Dwarf Rocket, White Rocket 4
44 |Carrichtera annua Cress Rocket (5 A )) 3 yuiad
45 |Lactoca orientalis Oriental Lettuce Uy 5 Jd d
46 |Gundelia tournefortii Gundelia CsSe
47 |Crepis sancta Hawkweed b_piaal

Appendix number 6: Unpalatable plants exist in the study area.

Unpalatable species

Latine name

English common name

Arabic common name

1 [Acanthus Syriacus Bear’s Breech call S s
2 |Amaranthus blitoides Amaranth bk

3 |Arum Palaestinum Palestine Arum i)

4 |[Eminium Spiculatum Eminium =

5 |Calotropis procera Calotropis (Sodom-apple) e
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6 |Alkanna strigosa Strigose Al Kanet b (s> el

7 |Anchusa aegyptica Egyptian Al Kanet (5 _ras anana

8 |Anchusa Italica Italian Al Kanet (S anaas

9 [Echium judaeum Judean Viper's Bugloss Jsa)) aaaaa
10{Podonosma orientalis Golden - Drop Uanas
11|Capparis spinosa Egyptian caper LS Ll
12|Herriaria hirsuta Hairy rupture - wort 2l ol o e
13|Carthamus tenuis Slender safflower Y]
14|Echinops polyceras Globe Thistle oY) Jleall s
15|Gundelia tournefortii Gundelia S (aSe
16|Cardaria draba Hoary pepperwort b
17|Citrullus colocynthis Colocynth ) goday (Jhais
18|Ecballium elaterium squirting Cucumber Dlaal) puga
19[Euphorbia hierosolymitana Spurge < sals

20|Iris atropurpuraea Purple Iris IS ALaS ¢ gl

21|Ballota undulata Common black horehound FENERINg
22|Ajuga orientalis Eastern Bugle A il aall dpde
23|Phlomis viscosa Jerusalem Sage Dbeadl A e ¢avan
24|Asphodeline lutea Yallow Asphodel Jiaic
25|Asphodelus fistulosus Asphodel e

26|Sarco Poterium spinosum Spiny Burnet (C2h) s
27|verbascum sinaiticum Mullein (Lsose) A
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28|Xanthium spinosum Burweed spiny cockelbun ol
29(Solanum alatum Red-berried nightshade iaall e
30|Cuscuta monagyna Eastern Dodder S Jsalad)
31|Prosopis fracta Mesquite sl
32|Chiliadenus iphionoides Common varthemia LS bl
33|Urginea maritima Squil Jras
34[Paronychia argentea Silvery Witlow-wort Adlaall s
35|Carlina hispanica Corybed Carlina Thistle sl Bl
36/Cichorium pumilum Dwarf Chicory A el ¢ elle
37|Piconom acarna Yallow Cnicus o edlall
38|Scolymus maculatus Spotted Golden Thistle il jial e
39|Scolymus hispanicus Spanish Oyster Plant b & L
40|Phlomis brachyodon Desert phlomis 453

Appendix number 7: Samples pictures showing some indication of land degradation in the study area.




Soil crusting Overgrazing




Effect of steepness, pollution and weak vegetative cover on land degradation
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