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Résumeé

L’objectif du présent travail a été de détermires facteurs majeurs a l'origine de
I'érosion des sols affectant la région des montwmgrentrales située dans les territoires
palestiniens. Ainsi, nous avons étudié l'effet délisation des différents terrains sur les
propriétés du sol et choisi les meilleurs outilsna@délisation pour prédire I'érosion des sols
dans la région.

L’analyse des parameétres pluviométriques a étéctefée ainsi que le calcul des
parametres pris en compte dans la modélisatioredesion des sols : érodibilité des sols et
erosivité des précipitations. De méme, l'analys@issique a été réalisée pour vérifier I'effet
des différents types d'utilisation de terrainslsarpropriétés de sol, I'écoulement et I'érosion
ainsi que pour définir la relation qui les relieedx logiciels "Hillslope™ du projet de
prévision d'érosion par I'eau (WEPP) et Réseaualgdwies Artificiels (RNA) ont été utilisés
pour simuler I'écoulement et I'érosion des solss@&ppuyant sur divers scénarii. Concernant
le RNA, une étude approfondie & base d’analysesesibilité utilisant la capacité de
sensibilité d'analyse de RNA et d'analyse statisti@ été réalisée pour choisir les variables
d’entrée les plus influentes.

L'étude a montré que I'érosion dans le secteundBatiépend fortement de taux et de
la durée des précipitations ainsi que son intensitdime souvent mentionnée dans la
littérature. Les résultats obtenus par le modeléP¥®/Bont faibles en comparaison aux valeurs
observées. Par contre, le modéle RNA donne defiatsstres satisfaisants. Ainsi, le modele
global RNA, incluant I'ensemble des données issigssdifférents terrains utilisés, représente
le meilleur modéle en raison des résultats obt&egsproches de ceux mesures.

Le travail de thése comporte cinq chapitres quisgméent successivement une
synthése bibliographique sur I'érosion des solzolae d’étude, une analyse des données de
pluie, une analyse des mesures effectuées sur pancelles et enfin la vérification de
différents modéles sur les données collectées.

Mots clés: Propriétés des sols; écoulement, érpgimdibilité; érosivité; WEPP; Réseau de
Neurones Artificiels (RNA), Modélisation; Palestine
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Abstract

The study aims to analyse the factors affectingstiieerosion in the central highland
mountainous area, of the Palestinian territoridsoAo study the effect of different land use
types on soil properties. In addition to select best modelling techniques for soil loss
prediction in the area. The rainfall characterstivere studied and analyzed. The soill
erodibility and rainfall erosivity parameters whiahe considered in soil erosion modelling
were calculated. The statistical analysis perfornreedheck the effect of different land use
types on soil properties, runoff and soil loss, &mdind the relation between the rainfalls,
runoff and soil loss under each land use types. Ailkdope version of the water erosion
prediction project (WEPP), evaluated for the pridic of runoff and soil loss under the
different management scenarios.

The artificial neural network (ANN) was used foetsimulation of runoff and solil loss
as a new type of modelling approach. The inputaideis to ANN were carefully studied. The
sensitivity analyses were performed by means of AN®& analysis sensitivity ability and
statistical correlation analysis to select the moBtiential variables. The study showed that
the erosion in the study area is highly dependenthe rainfall depth and rainfall event
duration, rather than on the rainfall intensitynasstly mentioned in the literature. The results
obtained from WEPP model for soil loss and runoffswery different from the observed
values. The WEPP under estimates both the rundffsail loss. Application of ANN for soil
loss and runoff prediction agrees well with the eslied values. Also the global network
models developed from the combined data set ofhallland use type show a relatively
unbiased estimation for both runoff and soil I6Bse study showed that the ANN model can
be used as a management tool for predicting ruaraffsoil loss.

This report includes five chapters, which presemcsssively a literature review on
the soil erosion process, the study area and thkan@ogy used in data collection, analysis
of rainfall characteristics, analysis of the vegetacover, soil loss, runoff and soil properties

under the five different land use types, and evalonaf different model on the colleted data.

Keywords: Land use; Soil properties; Runoff, Watension; Erodibility; Erosivity; WEPP;
Artificial Neural Network(ANN); Modelling; Palesti
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General Introduction

The aim of the present study is to assist in dgrefpsuitable soil conservation strategies for
the central highland mountains in Palestine. Tiuelysarea located within Mediterranean
climates is characterized by winter rains, with sommonths of excess rainfall over
evatranspiration, warm and dry summer months witlistare deficits,drying out soils and
their annual vegetation (xeric moisture regime) rj.A1995 ). Characteristic landscape
attributes are the high proportion of mountainshvéiteep slopes, and a large proportion of

limestone and other calcareous rocks as soil panatgrials (LRC., 2000).

In the central highlands, soil erosion constituddeey land degradation factors affecting the
productivity of rain fed agriculture (Ministry of gkiculture, 2004). The Central Highlands
Region extends the length of the West Bank with m@ias ranging from 400 to 1020 meters
above sea level, rainfall varying from 300 mm ia #outhern foothills to 600 mm in the north
(Ministry of Agriculture, 2004). Field inspectiorf the Palestinian territories shows that soil
erosion is present almost everywhere, and is peatiy severe on bare, compact ground near
residences and other buildings (Soil and Water @wmasgion Society, 1994; Basim Dudeen,
1999; Abu Hammad et al, 2004). Water erosion isntlest important type taking place in all
of its types depending on the geomorphology andirdensity (LRC, 2000).

One of the main important pillars of the Palestinienvironmental Quality Authority (EQA)

is to control and limit the degradation of natuedources, and combat desertification and soil
erosion. Land degradation in the form of soil esasianked as one of the highest priority by
the Palestinian Environmental Strategy that neebet@addressed and require an immediate
action by the Palestinian authority, through mabily different methodology to lower from
the effect of this hazard (Ministry of Environmen#dfairs, 2000). Based on the Palestinian
Agricultural Strategy, the Palestinian MinistryAdriculture (MOA) should assess the extent
of soil erosion and desertification and identifyopty actions and areas where mitigation
measures are most needed. The MOA should alsohggle priority to set up an effective
mechanism for the regular monitoring of soil erosiand desertification (Ministry of
Agriculture, 2004).

To explore the problem in the central highland ntauns accurately, detailed data related to

study area physical characteristics; soil erostanpff and soil properties are required. The

1
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present study has mainly relied on a very imporganject (Regional Initiative for Dry land
Management, DIM), executed by the Palestinian Mipisf Environment and International
Centre for Agricultural Research in Dry Area (ICAR]) under the auspice of the World
Bank. Therefore field experiment and survey wenedoated utilizing the grant of the above

mentioned project.

There are five main factors that influence thd embsion processes: soil type, topography,
landuse, climate and human activities (Nelson, 200Be intensity of precipitation affects
soil erosion which is heavily dependent on clim@elson, 2002). Soil erosion occurs under
different environmental conditions which mean tleiables involved vary spatially. The
accurate prediction of soil erosion is thereforghallenge due to this intricacy of the factors
influencing this process. Several modeling appreadhmave been developed for a range of
temporal and spatial scales (Bhuygtral, 2002). Soil erosion modeling has been idermtifie
as a useful tool in conservation and planning prest(Luet al, 2004). Implementation of
these models has proven to be a cost effectiveaddtr erosion prediction over large areas
(Lu et al, 2004). However, of the many available modelgetigped for soil erosion, many
require specific and detailed data or are onlyiapple to certain types of regions. To identify
which approaches are most robust for area unddyy,stnodels need to be compared using
datasets from a field experiment. Experimental mothitoring data are essential to calibrate,
initialise, validate and improve soil erosion madelnder new situation and condition
different form the original environment under whitte model was developed (Wischmeier
and Smith, 1978; Bhuyaet al, 2002).

The methodology commenced by investigation allwhgables that could contribute to the
soil erosion process. The present erosion conditiamd Processes are described from a
detailed study of the following aspects: (i) phgsicharacteristics of the study area (ii) effects
of land use types on runoff and soil erosion,i) éffects of land use types on physical and
hydraulic properties of soil, (iv) the relationsHyetween rainfall-runoff and erosion under
different land use practices. Deep survey of watesion modeling with emphasises to the
models that consider the mountains and hillslopepmnent. Evaluation of selected soil
erosion models using field data collected during $tudy carried out. The most accurate

simulating erosion model is recommended for sas®mn prediction and land conservation.

2
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This report is divided into five chapters. The tfichapter introduces the soil erosion
process by water and gives a deep overview abeusdh erosion modeling and research
methodology used in studying the soil erosion pobl The second chapter presents the
study area and the methodology used to gather #eeledl data for conducting the
research. The third chapter presents the analylsisaiofall characteristics and the
calculation of rainfall erosivity and soil erodilyl parameters. The fourth chapter tackles
analysis of the vegetation cover, soil loss, rurerfid soil properties under the five
different land use types. Furthermore it explofes rielation between runoff-erosion and
potential causes factors. The fifth chapter examiaed evaluates the efficiency of the
selected models (WEPP and ANN) in simulating theofiand erosion under the five
different land use types. The last section dealsh wgeneral conclusion and

recommendation.

3
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1. Literature review

This chapter gives a brief description of the watersion, sediment transport, deposition
processes, and water erosion factors. Soil eromgparch history and methodology are
highlighted. Review of the types of erosion andirsetit transport models that are available
are presented. Models types are distinguished rmsteof how the physical processes of
sediment detachment, transport and depositionegmeesented by the model, as well as the
spatial and temporal resolution of the model tygasiphasis and details are given to the
models considering the hillslope erosion procesapabBilities of the Artificial Neural
Network Modelling presented, and finally the statesoil erosion research in the Palestinian

territories reviewed.

1.1Soil erosion concept

1.1.1 Definition of soil erosion

Soil erosion is “the physical removal of topsoily®rious agents, including falling raindrops,
water flowing over and through the soil profile,ndivelocity and gravitational pull” (Lal,
1990, Laflen and Roose, 1997). The Soil Consemdaiociety of America formally defined
soil erosion as “the wearing away of the land sgfay running water, wind, ice or other
geological agents, including such processes as itgtianal creep” (SCSA, 1982).
Quantitatively, soil erosion is expressed in teoh&epth or weight of soil per unit area and
unit time”. Soil sediment refers to “solid materihlat is detached from the soil mass by
erosion agents and transported from its originat@lby suspension in water or air or by
gravity” (Lal, 1990).

1.1.2 Types of soil erosion

Soil erosion is generally classified as geologid soosion and accelerated soil erosion.
Geologic erosion is the natural and inevitable pss¢ and it doesn’'t always adversely affect
soil or environment (Lal, 1990). This is slow arahstructive geologic process acting over a
long geologic time scale, causing the wearing agfayie mountains and building up of flood
plains and coastal plains (SCSA, 1982).

Accelerated erosion, on the other hand, is caugdauman activities and is far beyond the
threshold value of compensatory rate of new saihfition (Morgan, 2005). Soil erosion due
to the agricultural activities, erosion from thenstyuction sites, reclaimed land and mine
land, erosion due to deforestation, vegetative dation etc are the examples of accelerated
soil erosion (Lal, 1990). Soil erosion rates coased “natural” are not without controversy;

4
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however “acceptable” rates of soil erosion (FAO799range from 0.4 tons Hayr® for
shallow soils to 1.8 ton Hayr” for deep soils. These “acceptable” rates are alpoint of
argument and some experts agree that there is ifmramatural rate of soil erosion, nor a
solid basis for a tolerance rate On the basisaokes of erosion, it may be classified as the

erosion caused by fluid and erosion caused by yré@val, 1990) (Figure 1.1).

|L’iculu_u[u I—.l Soil Erosion |‘_| Accelerated |
|

Caused by Fluid Caused by gravity

| | 1
Wind Erosion ‘ |-3 aciated Ercsion | Water Erosion ‘ Mass Mavement
]

| 1 1 |
Precipitation Ocean Flowing Water Falls Slides Debries Creep
Splash Erosion | | Coastal Erosion

| | | |

Sheet Erosion | | Rill Erosion | | Gully Erosion River bank | |Pipe or Tunnel
Erasion Erosion

Figure 1.1 Types of soil erosighal, 1990)

1.1.3 Soil erosion causes

Erosion can be caused by wind (wind erosion), byfall (rainfall erosion), or by runoff
(runoff erosion) (Nillet al.,1996). Runoff erosion can happen in unconcentréed (sheet
erosion), in rills (rill erosion), or gullies (gyllerosion) (Nillet al., 1996, Laflen and Roose
1997). Rills are such small concentrations of rognwater that they can be completely
removed by normal cultivation methods, whereasiggiltannot be. Erosion in the channel is
called channel erosion. Precipitation is the maiaree of flowing water. Rainfall initiates
surface and subsurface flow.

Soil eroded from a given area is defined in teahgate of erosion. Total sediment outflow
from a watershed per unit time is called sedimealdy It is obtained by multiplying the
sediment loss by a delivery ratio (Novotny and @drss 1989). The transported portion of the
eroded sediment (ratio of yield to the total erodeakerial) is called sediment delivery or

sediment delivery ratio.
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1.1.4 Water erosion processes
Water erosion is a two-part process involving: tte detachment of soil particles due to
splash caused by kinetic energy of raindrops, gndverland transport of these soil particles
through runoff.According to Rose (1988), soil eoosby water can be regarded as a result of
four processes:

» detachment by raindrop impact;

» transport by raindrop impact (splash erosion);

» detachment by the shearing forces of flowing waiad

» transport in surface runoff (sheet or interill eoos rill and gully erosion).

During rainstorms, a two-fold problem often occurke rate of rainfall may exceed the rate
at which water can enter the soil. The excess waitbeer collects on or runs off the soil
surface. Secondly, raindrop impact forces can tesua partially sealed soil surface, thus
reducing infiltration of water into the soil whiatauses more runoff. If all the water could
always enter the soil, detachment and splashirgpibfparticles would be of minor concern
and soil loss would be minimal. However, when thiefall rate exceeds the soil's infiltration
rate and the soil surface storage is filled, runaff begin. This runoff will travel downhill,

carrying soil particles with it (Figurel.2).

: '__‘ii\ F
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Figure 1.2 Soil particles and aggregates that lh&es detached by raindrops are transported

down the slope by runoff.

1.1.5 Water erosion factors

Factors affecting water erosion are climate, topplgy, soil, vegetation and anthropogenic
activities such as tillage systems and soil corasd@mw measures. Large amounts of
precipitation and runoff occurring during winterub cause high erosion rates if the soil
cover is minimal (ASCE Task Committee, 1977). Tiaist was observed by Emmett (1970)
who concluded, based on nearly 10-year experimelat, that sediment concentration in

overland flow is negatively correlated with vegetatcover of the region.
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The four major factors affecting water erosion afg) climate, (2) soil, (3)
topography, and (4) land use (Foster, 1982). Theyweaell presented as considered by the
universal soil loss estimating equation (in torynaffigure 1.3), are listed below:

ATMOSPHERE LITHOSPHERE ANTHR%POSPHERE

R‘“""F‘“‘L{ E¥ENTS TOP SOIL CHARACTERISTICS

Sk
RAINFALL EROSMITY SOIL ERODIBILITY
1 SOIL AND LANDSCAPE MAHAGE MENT REGIMES
PHYSICAL CHARACS
E'“ L.ﬂmn CROP

MAMNAG EI'u'I ENT MANAGEMENT

A—R*K*LS* il o

Figure 1.3 Factors controlling soil erosion by wates considered by the universal soil loss

eqguation (in ton/halyr). (Ponce-Hernandez, 2004).

Climate

The climatic factors that influence erosion arenfi@l amount, intensity, and frequency.
During periods of frequent rainfall, a greater petage of the rainfall will become runoff.
This is due to high soil moisture or saturated domus. Temperature is another climatic

factor influencing erosion.

Soil

Some soils are naturally more erodible than arerathils. Erosion by raindrop impact is not
easily seen, but varying degrees of rilling indécdiffering erodibility among soils.

Physical characteristics of soil have a bearingeowodibility. Soil properties influencing

erodibility include texture, structure and cohesibor example, soils high in clay and sand

have low erodibility while soils high in silt havegh erodibility.

-
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Topography

Slope length, steepness and roughness affect éitydibigure 1.4). Generally, the longer the
slope, the greater the potential for erosion. Tigatgst erosion potential is at the base of the
slope, where runoff velocity is greatest and rurmmfiicentrates. Slope steepness, along with
surface roughness, and the amount and intensitgirfall control the speed at which runoff
flows down a slope. The steeper the slope, therfdlse water will flow. The faster it flows,

the more likely it will cause erosion and increasdimentation.

Erosion rates (t/km*/yr)

1oooo ©
8000 T
G000 7

4000~

o0 T

L J

0 | T |
10 20 E11]

Slope gradient ()

Figure 1.4 Relationship between soil erosion ratesslope gradientsX(nbao et al., 2003).

Land use

Erosion occurs when soil is left bare and exposedaindrop impact and surface runoff.
Vegetation is probably the most important physieator influencing soil erosion. A good
cover of vegetation shields the soil from the intpat raindrops. It also binds the soil
together, making it more resistant to runoff. A e&give cover provides organic matter,
slows runoff, and filters sediment. On a gradege)dhe condition of vegetative cover will
determine whether erosion will be stopped or onighfly halted (Figure 1.5). A dense,

robust cover of vegetation is one of the best ptaies against soil erosion.
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Figure 1.5 Effect of residue cover on reductiosaf erosion. (Dickey et al., 1997).

1.2 Environmental and economic impact of soil erosn
1.2.1 Effect of soil erosion

Soil erosion has both off-site and on-site effekitgportant on-site and off-site impacts of soil

erosion by water summarized by Bojo (1996) areeutes] below.

On-site effects of soil erosion by water

* Reduced crop productivity and the economic lossss@ated with crop failure and
loss of seed and fertilizer.

* Soil removal by sheet erosion; land deformationrilyand gully erosion; reduced
traffic ability.

» Stream bank and ditch bank erosion.

* Undermining of built structures (e.g. washout o&ds, fences and undermining of
bridges).

 Removal of valuable topsoil and loss of naturalrieats and applied chemicals
(fertilizers and pesticides).

* Important changes in soil quality as structurebiitg and texture are affected by soil
loss. Removal of smaller particles or entire layefssoil or organic matter may
weaken structure and may result in a change irutextwhich in turn affects the
water-holding capacity of the solil, increasing stssceptibility to drought (nexus to

desertification) and/or increased risk of flooding

9
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Off-site effects of soil erosion by water

» Deposition of sediments down slope causing obstmigtoads, stream channels, silt

in reservoirs).

o Accelerated stream bank erosion

* Reduction of downstream water quality (eroded and transported chemicals end up

in streams and reservoirs).

» Effects on fish ecology by polluting and affectwgter quality.

» Effects on human health by affecting the qualityvater consumption

1.2.2 Global states of soil erosion

The first global assessment of human-induced watdrwind erosion was made by Oldeman
et al. (1991) in the framework of the Global Assesst of Land Degradation (GLASOD)
Project of the United Nations Environment Progrd8R(C, 2003).Oldeman’s (1992) shows

that more than 1600 million hectares of land igadly affected by soil erosion (Table 1.1).

The contribution of Asia region to soil erosion 663 million hectares; it is the highest

proportion when compared with other part of the ldioData show that the water-induced

erosion is more in comparison to wind induced emsirhese data support that the water-

induced soil erosion is a greater problem facirghthmankind and all the region of the globe.

Table 1.1 Global extent of land affected by wind arater erosiorfOldeman, 1992)

REGION LAND AREA AFFECTED BY EROSION (1?)HA)
Water erosion Wind Erosion

Africa 227 186
Asia 441 222
South America 123 42
Central America 46 5

North America 60 35
Europe 114 42
Oceania 83 16
World Total 1094 548

Middleton and Thomas, (1992) used the maps andnr#tion from the GLASOD study, with
minor modifications, in the Atlas of DesertificatioTheir estimates of land area susceptible

to wind and water erosion are given in Table 1.8sfte of all its limitation, the GLASOD

assessment is the only estimate of human-inducghdation available.
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10

http://www.univ-lille1.fr/bustl



Thése d'lssa Albaradeyia, Lille 1, 2007

Chapter one Literature review

Table 1.2 Distribution of susceptible dry-land aré¢a soil erosion by water and wind in the
world (Middletonand Thomas, 1992).

REGION WATER EROSION (MILLION HA) | WIND EROSION (MILLION HA)
Dry Sub-humid| Semiarid Arid] Dry Sub-humjdSemiarid| Arid

Africa 251 59.2 34.8 1.6 30.7 1275
Asia 54.9 69.9 32.7 15.1 52.1 85(9
Australasia 4.1 26.3 39.3 0 6.4 9.6
Europe 34.7 12.8 0.6 17.4 17.3 410
N. America 10.7 24.4 3.3 6.8 27.3 3.1
S. America 115 20.6 2.5 5.9 16.4 416
Total 141.0 213.2 113.2 46.8 150.2  23p.2
TOTAL 467.4 432.2

A global assessment of wind and water erosion \&asec out recently by Reich et al (2005)
of the USDA Natural Resources Conservation Servamaploying a simplified model
considering only soil and climatic variables. P@pan density in combination with these soil
and climatic attributes is used to make estimatesates of soil loss. This is achieved by
overlaying through a GIS a population density datamaps depicting vulnerability to wind
and water erosion. The annual potential yield afirsent through water erosion from 72.5
million km? of global land area considered in the study iziat80 billion Mega grams (Mg).

In the arable lands of the world, water erosion neawtribute about 67 billion Mg of
sediment. In the susceptible dry lands, which lageatreas most prone to desertification, water

erosion could yield about 92 billion Mg, which aeout 71% of the total global soil loss.

Further to the figures in table 1.2 by Middletordarhomas (1992), the assessment by Reich
et al (2005) provides data on the global land asedigect to wind and water erosion. These
are summarized in table 1.3. Globally, there aruaB6 million knf (43% of ice-free land
mass) of land vulnerable to water erosion in tighdly arid to humid areas of the world. The

hyper-arid and cold regions are excluded in thisrege.

11

© 2007 Tous droits réservés. http://www.univ-lille1.fr/bustl



Chapter one

Thése d'lssa Albaradeyia, Lille 1, 2007
Literature review

Table 1.3 Estimates of global land areas vulnerebleater and wind erosion.

EROSION WATER EROSION WIND EROSION
VULNERABILITY CLASS | Area Million Km? Percent| Area Million Kh | Percent
Low 17.33 13.3 9.25 7.1
Moderate 15.39 11.8 6.32 4.8
High 10.97 8.4 7.80 5.9
Very high 12.21 9.3 9.33 7.1
Total vulnerable area 55.91 42.8 32.70 250
Dry 37.77 28.9 37.77 28.9
Depositional/minimal 16.59 12.7 40.00 30.6
Cold 20.36 15.6 20.36 15.6
Total Ice-free land area 130.63 130.63

The amounts of potential soil loss were calculdigdReich et al (2005) to map out risk of
water erosion arising from land use, by overlayimg water erosion vulnerability map with a
population density map. An estimate of amountsailf Isss that can be expected for each
population density class is obtained and showreibld 1.4.

Table 1.4 Global soil loss due to water erosioneiation to population density (Reich et al,
2005)

VULNERABILITY TO EROSION
POPULATION DENSITY
Low | Moderate| High | Very High| Total
PERSONS/SQ. KM
Erosion amount (million Mg)
<2 392 842 717 1,935 3,88p
2-10 1,633 2,247 2,429 15,341 21,650
11-40 1,878 4,092 5,589 9,978 21,5437
41-100 3,025 4,465 5,116 8,696 21,302
101-500 3,460 5,280 9,63p 10,37% 28,51
>500 1,029 873 2,148 1,779 5,829
Total 11,418 17,799 | 25,634 38,103 | 91,953

1.3 Costs of soil erosion

There is a wide range of estimates on yield anch@mic losses caused by soil erosion.UN
Environmental Program reports that crop produgtioin about 20 million hectares each year
is reduced to zero or become uneconomical becafissoib erosion or soil induced
degradation (UNEP, 1991). It has been estimatet ttteaworld’s croplands are currently

losing 23 billion tons of soil in excess of newldormation each year (Brown, 1984). An
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ISRIC/UNEP survey on global assessment of soil alsgjion indicates that more than one-
fourth of the world’s soils have lost a substangiadount of their natural fertility over the past

45 years (UNEP, 1992).Globally, the current ecomorwsts of the on-site and off-site

impacts of erosion of agricultural land have bestineated to amount to some US$ 400
billion per year (Bernard and liavri, 2000).Soibsion from productive farmlands decreases
soil quality and crop production, diminishes oresitand value, and causes off-site
environmental damage. For example, in the USA,cthet of off-site soil erosion damages

amounts to >US$2 billion per year (Clark, 1985).

den Biggelaar et al. (2004a) estimated the impfasbib erosion on productivity by collating,
synthesizing and comparing the results from publiskite-specific soil erosion-productivity
experiments on a global scale. The studies werapg based on soil type and the crops
grown and in total 329 studies were reviewed. Tethodology used was similar to an
earlier study of soil based estimates of productasses due to water and wind erosion in
North America that revealed potential losses of@8btons/yr of maize, 60000 tons/yr of
soybeans, 75000 tons/yr of wheat and 2000 tond/ycotion. Economic value of these
production losses were estimated to at US$56 millio the USA and US$3 million in
Canada (den Biggelaar et al., 2001). The resulth®B29 studies showed that average crop
yields and effects of past erosion on yields détegreatly by crop, continent and soil order.
The absolute yield loss of grain and leguminouggn@anged between -0.49 and 1.44 kg/ha
per ton of soil lost to erosion, and between 066927.0 kg/ha for root crops. Overall, the loss
was less than 0.1% of the yield for each ton df ex@sion, but differences were site-specific
(den Biggelaar et al., 2004a). The authors subselyuextrapolated the yield losses per ton of
soil erosion to the annual impact of crop yieldvanious scales. Losses vary widely between
crops, soil orders and regions and is substamtiakveral areas but little is known about the
losses for many important crops in many develogiogntries (den Biggelaar et al., 2004b).
Most estimated crop losses are small in relatioth¢ooff-site effects, which underscores the

importance of continued policy measures to encausag conservation.

1.4 Soil erosion research
1.4.1 History of erosion research

According to Baver (1939), the first scientific stigation of erosion was carried out by the
German solil scientist Wollny, between 1877 and 189%dson, 1995). He had used small
plots to measure wide range of effects, such asafhaegetation and surface mulch on the
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interception of rainfall and deterioration of ssifucture. He had also studied the effect of soil
type and slope in runoff and erosion. Organizectassh started in the United States of
America when US Department of Agriculture declaaedofficial policy of land protection in
1907. The results of field plot experiments werstfpublished in 1923 after the works of
Forest Service in 1915 in Utah and that of Millerli917 in Missouri (Hudson, 1995). The
first detailed study of natural rain was carried loy Laws in 1941 and the first analysis of the
mechanical action of raindrops on the soil wasistidy Ellison in 1944. Ellison was the first
who realized that the falling raindrop was a con®lerosion agent within itself (Hudson,
1995). The first mathematical expression of erosias established by Zingg (1940) to
evaluate the effect of the length and steepnestopt in erosion. Smith (1941) introduced
the concept of permissible soil loss and evaludtedeffect of crop factor and mechanical
protection over erosion. Browning and his co-woskeorked in lowa to find soil erodibility
and evaluated the effect of crop rotation and meampt in erosion around the same time
(Hudson, 1995). Musgrave and co-worker developeédnapirical equation in 1947 known as
Musgrave equation or Slope Practice equation, gagegfHudson, 1995):

Er=Tp XS XLnXxAp X Mp X R 1.1

WhereEr = Erosion,Tp= Type of soil,S = Slope,Ln= Length,Ap= Agronomic practicelVp =

Mechanical protectior = Rainfall

This equation was exclusively implemented for ne&eh years before it was replaced with
more realistic Purdue product, Universal Soil L&piation (USLE), in 1958. Wischmeier
and Smith (1965) published the Agricultural Handb@82 to use it as erosion planning tool
for farmers and conservation planners. Continugpgr/mentation and research extended the
scope of its application and the Agricultural Haodk 537 was subsequently published with
more experimental results and improvement in thistieg parameter estimation methods
(Wischmeier and Smith, 1978). Different models h&een developed based on USLE in
different countries to suit their particular requirents between the decade of late 1980s and
early 1990s. The Soil Loss Estimation Model for themn Africa, SLEMSA (Elwell, 1981)
developed in South Africa, INDEROSI (Gnagey, 198éyeloped in Indonesia and SOILOSS
(Rosewell, 1993) developed in Australia are somin@fexamples of such models.
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Mayer and Wischmeier (1969) defined four basic steperosion process: detachment by
raindrop splash, transportation by raindrop spladétachment by surface runoff and
transportation by surface runoff. After splittingosion process into rill and interrill parts,
Foster and his co-workers developed a semi empinuadel called CREAMS (1980).
EUROpean Soil Erosion Model (EUROSEM) was develogedind the same time in Europe
(Morgan et al., 1992). ANSWERS model was developethte 1970s to assess sediment
yield from watersheds (Beasley et al., 1980). Em$troductivity Impact Calculator (EPIC)
was developed to assess the effect of soil losgiircultural productivity. In the early 1980's
teams of USDA Agricultural Research Service (ARS) €onservation Service (SCS), and
Economic Research Service (ERS) scientists devel&iC to quantify the costs of soil
erosion and benefits of soil erosion research amtral in the United States.

In 1985, USDA initiated a ten-year research projectcooperation with other Federal
agencies including Agricultural Research ServicR$), Soil Conservation Service (SCS),
the Forest Service and Bureau of Land Managemd¥{BThe Project was named Water
Erosion Prediction Project (WEPP) that had the gooisl objective of developing a new
generation of erosion prediction technology basedh® current understanding of erosion
processes and applicable to wide range of scaldaamuse possibility so as to replace the
existing USLE technique. The result was the protes®d erosion prediction model WEPP,
named after the project in 1995 (Foster et al. 5199

1.4.2 Soil erosion research methodology
The existing methods for soil erosion research lmamgrouped into three categories: erosion
modeling and prediction methods and erosion measnemethods, in both cases, there is a

need for direct measurement of soil erosion. Tird thne is the assessment method.

Experimental methods

Water erosion can be measured using small plotsiiumesized plots (e.g. USLE
plots) and/or large plots (unit-source watersh¢bfig)tchler et al., 1994). The justification for
small plots is that experiments performed undes ttondition provide insight into basic
concepts and processes of soil erosion (e.g. seagygregate stability, raindrop detachment
and splash transport and erodibility). Next come fiots big enough to represent the
combined processes of rill and interrill erosiomg(6JSLE plots) (Wischmeier and Smith,
1978). When this plot size is used, the effectiffedkent conservation practices on soil loss

can be compared with untreated land. Such plotaldhmreferably be installed on a uniform
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sloping landscape element (e.qg. hillside), to adgdosition processes occurring in them. The
third type of plot, unit-source watershed, combitiesresults of all the erosion processes and
conservation measures, although this gives lileootunity to learn about the different parts
of the erosion process (Mutchler et al., 1994).

Additionally, rainfall simulation has played an iorpant role in the development of new
erosion prediction technologies. These includeWater Erosion Prediction Project (WEPP;
Elliot et al., 1989) and the European Soil Erosidodel (EUROSEM; Morgan et al.,
1992).Field measurements are the most reliabkmaifstic data is needed on solil loss, whereas
laboratory tests, in which the effects of manydastcan be controlled, are designed to lead to

explanation (Morgan, 1995).

Assessment methods

« The use of environmental radionuclides as tracenssoil erosion investigations
The quest for alternative techniques for assessimifj erosion to complement existing
methods has directed attention to the use of radiates, in particular fallout’Cs as tracers
to obtain estimates of soil erosion and depositioragricultural landRitchie and Mc Henry,
1990)The worldwide fallout*’Cs, associated with the atmospheric testing of ezucl
weapons during 1950s and 1960s, was releasedhatsttatosphere by the testing of above
ground thermonuclear weapons and deposited asufdilms provided a valuable man-made
tracer for studies of soil erosion and sedimenivdg} (Ritchie & MeHenry, 1990 It is an
artificial radionuclide with a half-life of 30 yesarSince Its high affinity to fine soil particles,
relatively long half-life, and world-wide distrition, the'*'Cs technique has widely applied
in water erosion leading to profound accomplishmé¢Ritchie & Ritchie, 1996)The *'Cs
technique provides a means of assembling retragpeciformation on long term (about 35
year) rates of soil loss for an area and the dpaditiern of erosion and deposition involved,
based on a single site VisSWALLING & QUINE, 1991, Felipe Zapata, 2003).

» Aerial photography
Several people in order to show the distributiosaf erosion in agricultural or other
environments have used aerial photographs. Exampledes Bergsma (1980). Though the
use of aerial photographs in the assessment oesmsion has assisted in distinguishing the
land areas with occurrences of visible erosiony theve not been able to show the extent of
erosion that goes on below the plant canopy coMas is mainly due to obscurity of below-

canopy phenomena to above ground observation inteesensing or aerial photography.
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« Digital elevation model and spatial prediction
The term digital elevation model was first usedMiilfer and Laflamme (1958), who defined
it as the statistical representation of the comtirsusurface of the ground by large number of
selected points with known x, y and z coordinatean arbitrary coordinate field. Accurate
elevation data may be obtained from ground surveyaps, interferometry and aerial
photographs. A Digital Elevation Model (DEM) is theost powerful spatial representation
from which to construct a mathematical model ofdfanm. A DEM allows z values,
representing elevation, to be interpolated for any (horizontal and vertical) coordinates in
the model.
To compute the model, three methods (grid-basemhgulated irregular networks and vector
or contour lines) may be used. The grid-based misd#ie original approach to building a
DEM. This method uses data that have been samplstiuctured using a regular grid. A
DEM is a raster representation of a continuousaserfusually referring to the surface of the
Earth. These data can be used as input to a seftpankage of Geographical Information
System (GIS), to quantify the characteristics @f dnd surface. The DEM therefore provides
the spatial attributes of hydrologic characters;hsas elevation, slope, aspect, curvature,
drainage, flow direction, flow accumulation, anchtduting catchment area, for catchments

and sub-catchments to model effects on soil erosion

1.5 Water erosion modelling

The intention of this section is to provide a brasferview of the concepts and models that
have been used to simulate aspects of water erosemiment generation and sediment
movement and most commonly used and applicablellstope or mountains erosion. The
advantage and disadvantage of the various appreaiéghlighted. Simulation models have
become important tools for the analysis of hilldopnd watershed processes and their
interactions, and for the development and assedsafemwatershed management scenarios
(He, 2003).

Scientific planning for soil conservation and wateanagement requires knowledge of the
relations among parameters that cause the soil dosseduce it (Renard et al., 1996).
Modelling solil erosion involves mathematically désing soil particle detachment, transport
and deposition processes on land surfaces (Neatialg, 1994). There are various reasons for

modelling erosion, some of these are:
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» Erosion models can be used as prediction tootémservation planning, project planning

and regulation.

» Erosion models give the idea of erosion procassyell as the time and amount of possible

erosion at the area of interest so as to allown@endivert resources to reduce erosion. The

erosion models differ greatly in terms of their goexity, their inputs and requirements, the

processes they represent and the manner in whaesk firocesses are represented, the scale of

their intended use and the types of output infoionathey provide (Tablel.5). Numbers of

erosion models are in use and suit different lamdl \weather conditions. The classification

system used by Wheater et al. (1993) for describiegprocess representation of the model

(empirical, conceptual and physics-based) is adoiptéhis section.

Table 1.5 Erosion and sediment transport models

MODEL TYPE SCALE
AGNPS Conceptual Small catchment
ANSWERS Physical Small catchment
CREAMS Physical Field 40-400 ha
EMSS Conceptual Catchment
HSPF Conceptual Catchment
IQQM Conceptual Catchment
LASCAM Conceptual Catchment
SWRRB Conceptual Catchment
GUEST Physical Plot

LISEM Physical Small catchment
USLE Empirical Hillslope
RUSLE Empirical Hillslope

WEPP Physical Hillslope/Catchment
EUROSEM Physical Catchment

1.5.1 Empirical models

Empirical models are developed from long-term meawments requiring large capital

investments in research. Statistical technique ia@ropriate tool when there is an extensive

amount of data obtained from runoff plot and wdtedsaccessible for analysis, and when the

involved physical processes are not yet fully usttexd (Meyer, 1980).Different erosion

models have been developed in the past to estithaerate of soil erosion from the

agricultural land as a guide for the conservatitemping. Universal Soil Loss Equation,

© 2007 Tous droits réservés.
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USLE (Wischmeier and Smith, 1978), later revisedRasised USLE or RUSLE (Renard et
al., 1996) is one such model developed in the USth wiore than 10,000 plot years of
research data and experience of soil scientistsleMdevelopers have suggested that the
model could not be used outside USA without progedibration of its parameters for the
particular hydro-meteorological, geologic and tapgipic condition. The Soil Loss
Estimation Model for Southern Africa (SLEMSA) (Elivel981) and SOILOSS (Rosewell,
1993) are the examples of the model derived froarctincept of USLE (Hudson, 1995).

A number of proposed erosion models use some aspettie USLE such as EPIC (Erosion
Productivity Impact Calculator) of Williams, Jonasd Dyke, 1984) which used a modified
USLE developed by Onstad and Foster (1975). IntatdiAGNPS (Agricultural Non-Point
Source) of Young et al (1989) used USLE with a slepape adjustment factor. ANSWERS
(Areal Non-point Source Watershed Environment Satioh) of Beasley (1977) made use of
the continuity equation of Foster and Meyer (197&a&] values of Cand K determined for
the USLE. CREAMS (Chemicals, Runoff and ErosionnfrAgricultural Management
Systems) of Foster et al (1981) were a processeandt-based model that uses USLE soill
erodibility values, “crop-storage-soil-loss ratiqg’oster, Lane and Nowlin, 1980 as cited by
Nearing et al, 1989).

Erosion and sedimentation by water involve the @sscof detachment, transport and
deposition of soil particles (Foster, 1982). Thetdes that affect the erosion process are
(Renard and Foster, 1983):

E, =f (C,S,.T,,SSH.) 1.2

pr?

where E, = ErosionC, = Climate, S, = Soil propertiesT, = Topography,SS = Soil surface
conditions,H ,= Human activities

On the basis of the above functional relationshigDA (US Department of Agriculture)

developed the empirical relationship (Wischmeiat 8mith, 1965):

A=RxKxLSxCxP 13
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WhereA = Average annual soil loss predicted (t/Ha) Rainfall runoff erosivity factor (MJ
mm/ (ha h)),K = Soil erodibility factor, (ton ha h/ (MJ ha mm))= Slope length factor and
S = Slope steepness fact@ = Cover management factor alitd= Support practice factor

After a number of improvements in the parametersth& equation, USDA published
Agricultural Handbook 703 (Renard et al., 1996) #r@lEq.5 is called the Revised Universal
Soil Loss Equation (RUSLE). Presentations on theampaters of RUSLE are presented

below.

Rainfall runoff erosivity factor (R)

Rainfall runoff erosivity factorR (MJ mm/(ha h))represents the erosive potential of rainfall.
Rainfall erosivity R) is defined as the mean annual sum of individt@ing erosion index
values, Eo, where E is the total storm kinetic energy asislthe maximum rainfall intensity
in 30 minutes. To compute storm s&lcontinuous rainfall intensity data are needed.
Wischmeier and Smith (1978) recommended that at B@&years of pluviograph data be used
to accommodate natural climatic variations. Howetrex spatial and temporal coverage of
pluviograph data is often very limited. MathemaltigaR is computed as:

R:izn {i Ej(|30)1} 1.4

wheren = Total no. of yearan = Total number of rainfall storms imyear, | ,, = Maximum

30 minutes intensity (mm/h); = Total kinetic energy (MJ/ha) gf storm ofin year and is

given as:
p

E, =Y ed, 1.5
k-1

Wherep = Total number of divisions g storm ofit year, d, = Rainfall depth ok division
of the storm (mm)g, = Kinetic energy (MJ/ha/mm) & division of the storm and is given as

(Renard et al., 1996) :

e, = 029[1- 072! ) 1.6
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Wherei, = Intensity of rainfall ok division of the storm (mm/h)

Soil erodibility factor (K)
Soil erodibility (K) is a measure of the susceptibility of the soietosion. Soil erodibility is

related to the integrated effect of rainfall, runaind infiltration on soil loss. The K factor
RUSLE accounts for the influence of soil propertas soil loss during storm events on
upland areas. Soil-erodibility factors are bestaotg#d from direct measurements on natural
runoff plots. The major requirement in a study gsinnatural runoff plot is a database that is
large enough and that was obtained over a suftigidong period. For satisfactory direct
measurement of soil erodibility, erosion from fightbts needs to be studied for periods
generally well in excess of 5 years (Lasthal, 1998). Very few studies exist for which long-
term observations are available.

It is the rate of soil loss per rainfall erosioméx unit (ton.ha.h./(MJ.ha.mm)) represents
both susceptibility of soil to erosion as well aser of runoff. Soil with higher clay content
will have smallerK value due to high cohesion where as sandy soilagdlin have lesk
value due to higher infiltration rate resultingl@ss surface runoff. Organic soils such as loam
will have moderate value df as they are moderately susceptible to detachmeils Bith
high silt content will have high erodibility factas they possess less cohesion and allow more
runoff.

Wischmeier and Smith (1978) developed monographctmmount the effect of particle size
distribution, classes of structure and permeabidftgoil (figure 1.6). If the total of percentage
of silt and percentage of very fine sand is lesntf@0, this nomograph mathematically

approximated as (Renard et al., 1996):

K =2.77x 10’ (12 — OMYM**+4.28 x1C (s - 2) + 3.29 x10° (p-3) 1.7

WhereK = Soil erodibility factor (ton. ha. h/(MJ.ha.mm$)= Classes of structure (1-4)=
Soil permeability class (1-6PM = Percentage organic matter contelt,= Product of

primary particle size fraction given as (Rosew&l93)

M = (si +0.7Fs) (si + Fs + Cs) 1.8
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Wheresi = Percentage silgs = Percentage fine san@s = Percentage coarse sand, Classes
of structure and soil permeability class are thecfiwns of particle size and permeability of

soil.
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Figure 1.6 Soil erodibility monograph (after Wisolier and Smith 1978). For conversation
to Sl divide K value of this monograph by 7.59.kin U.S customary units.

Topographical factors (LS)

Slope length is defined as the horizontal distdrm® the origin of overland flow to the point

where either the slope gradient decreases enowghdéposition begins or runoff becomes
concentrated in a defined channel (Wischmeier andh$ 1978). The slope steepness factor
(S) reflects the influence of slope gradient on eros&inpe is estimated in the field by use of

an inclinometer, Abney level, or similar deviceof® may be estimated from contour maps
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having2-ft contour intervals if considerable casaused. These two factors have a substantial
effect on the rate of soil erosion by water. Theg aombined into a single factor for
convenience and simplicity.

Slope length of more than 305m is not recommendagsé in RUSLE and usually shall not

exceed 122m. K is the horizontal projection of the slope lengtiertL factor is given as,

L:( A j 1.9
221

m = Variable slope length exponent.

The value of slope length exponent depends uporattteof rill to interrill erosion. I is the

ratio of rill erosion to interrill erosion themis given as

m= B A0

For moderately susceptible soil in both rill andemill erosion, McCool et al. (1989)

suggested the equation:

11.1607Siny

= 1.11
3.0(Sing)®™ + 056

(¢ = Slope angle (degrees)

Sfactor is slope steepness factor and represernis steepness in erosion. It is again the ratio
of soil loss from the field gradient to that fron® & slope with other condition remaining the
same. Soil loss increase more rapidly with slopemtess than it does with slope length. The

slope steepness factdrs evaluated from (McCool et al., 1987).

10.8Sing + 003forslope< 9%
= 1.12

16.8Siny — 050forslope= 9%
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The equation used to evaluate LS (e is a corre&ictor) is:

LS = (1 1726)° (6541sin? q + 456sinq +.065)

Where:

| = slope length in feet

e = 0.5 if percent slope is greater than 5
e =0.4 on slopes of 3.5t0 4.5

e = 0.3 on slopes of 1 to 3 percent

e = 0.3 on slope of less than 1 percent
g = slope in degrees from horizontal

Cover and crop management factor (C)

The cover and crop management fact@) fneasures the combined effect of all the
interrelated cover and crop management variables.defined as the ratio of soil loss from
land maintained under specified conditions to tbheesponding loss from continuous tilled
bare fallow. It is an estimate of the combined @&#eof prior land use, crop canopy cover,
surface cover, surface roughness, and organic malabeEiow the soil surface. It is usually
expressed as an annual value for a particular camdr crop management system but is
calculated from the soil loss ratios for shorterigms of time within which cover and
management effects are relatively uniform. The les$ ratios are combined in proportion to
the applicable percentages of erosivRy {0 derive annuaC values. Estimation df includes

computation oSLR(Soil Loss Ratio) as:

SLR=PLU xCCx SCx SRxSM 1.13

Where PLU= Prior land use sub-factof,C = Canopy cover sub-facto§C = Surface cover

sub-factor SR= Surface roughness sub-fact8M= Soil moisture sub-factor

Details of estimation of SLR sub-factors and par&nseare given in thagricultural
Handbook 703Renard et al., 1996).

Support practice factor (P)

Support practice facto?, is the ratio of soil loss with specific suppomagtice to the
corresponding loss with up and down slope tilldgeecific support practices affect erosion

by modifying the flow pattern, grade and directiohsurface runoff and by reducing the
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amount of runoff (Renard and Foster, 1983). Fativated land, the support practices include
contouring, strip cropping, terracing and subswfd@inage. On dry land or rangeland areas,
soil-disturbing practices oriented on or near thatour that results in storage moisture and
reduction of runoff are also termed as supporttures.

Support practice factoR, for contouring is computed from erosion theory amgerimental
data. When tillage is oriented along the contche,ftow will be redirected towards the tillage
marks. Thus the runoff from the contoured fieldfteim less than that from field tilled upslope
and down slope (van Doren et al., 1950). Terraceuyices the sheet and rill erosion on the
terrace interval by breaking the slope into shoslepe length. Proper subsurface drainage
reduces runoff and thus the erosion from the lolpe (Formanek et al., 1987).

Support practice factor for individual support free associated with the land of interest is
calculated and incorporated to compute ovd?dlictor. Details of calculation procedures are
described in the Agricultural Handbook 703 (Reretrdl., 1996).

Limitations

Empirical models have some limitations such asuses of USLE outside the US has been
limited by the perceived lack of data for the pagtars required to run the model under new
conditions (e.g. Loch and Rosewell, 1992). Neaghgl. (1994) noted that the adaptation of
USLE to a new environment requires a large investroktime and resources to develop the
database required to run the model. According tstdfq1988) due to variability in climatic
conditions, “at least 10 years of data be colleateder the best of conditions to obtain an
accurate measure of average annual erosion”. Thhoa@ogy used in the derivation of
USLE is not adopted for semi-arid areas becauskeotharacteristic of large and infrequent
storms in this region, a situation that necessthirg time experimentation (Edwards, 1987).
Semi arid areas characterized principally by higidyiable and erosive storm events need
erosion estimates by individual storms to have mteuvalues of average annual soil loss
(Foster, 1988).

In-spite-of the above limitations, RUSLE are usedenosion prediction worldwide. The
simplicity of this equation and the availability parameter values, at least in the United

States, have made this model relatively easy tqlussh and Rosewell, 1992).
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1.5.2 Conceptual models

Conceptual models lie somewhere between physitaed models and empirical models
and are based on spatially lumped forms of the matd sediment continuity equation (Lane
et al., 1988). These models use the concept of hysitograph to predict sediment yield.
Rendon-Herrero (1974) was probably the first to wsé hydrograph concept to derive Unit
Sediment Graph (USG) for a small watershed. Sedin@@ncentration Graph (Johnson,
1943), and Sediment Routing Model (William and Hah®78) are examples of conceptual
models. According to De Hoop (1993), the concepiualdel describes entities and the
relationships among them, which are consideredaelefor the intended application. Peuquet
(1984) refers to the conceptual model as an altgtnacf the real world, which incorporates
only those properties, thought to be relevant éapplication or applications at hand, usually
a human conceptualisation of reality. All develomsuhceptual model are applicable at the
catchment level.

LASCAM an example of the conceptual modelling i€antinuous (daily time interval),
conceptual sediment generation and transport ahgonvas coupled to an existing water and
salt balance model, LASCAM (Viney and Sivapalan, 9994 ASCAM was originally
developed to predict the effect of land use anchaté change on the daily trends of water
yield and quality in forested catchments in Westéwmstralia. The developed sediment
transport algorithm does not discriminate betwestirsent size classes. It was found that the
amount of runoff and sediment produced by the madal matched well in monthly and daily
time intervals. Viney et al. (2000) later coupledanceptual model of nutrient mobilisation
and transport to the LASCAM.

1.5.3 Physically-based model
The lack of resources in most countries outsideUB&A to provide the widespread and
sustained experimentation required by the emplyicahsed USLE methodology (or its

revisions) posed the question of possible alteraat{Ciesiolka and Coughlan, 1995).

A workshop of soil erosion scientists in Lafayetbediana in 1985 had came out with a
realization that there existed an ability, “withns® well-targeted research, to develop a new
generation of erosion prediction technology” basedthe contemporary understanding of
erosion processes (Laflen, et al.,1991a). As avielip of the workshop, the USDA instituted
a 10-year research and development program aimeeptace the USLE with the current
improved erosion prediction technology. Thus, the&V&rosion Prediction Project (WEPP)
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was envisaged in 1986 by four U.S. federal agentihes ARS, the SCS, the USDA-Forest
Service and the U.S. Department of Interior-Burebuand Management (BLM). This model
was designed to serve as the primary means ofqtireglisoil erosion by the SCS (Foster and
Lane, 1987). WEPP has the purpose “to develop newerggon water erosion prediction
technology for use by organizations involved inlsand water conservation and

environmental planning and assessment” (Fostet.and, 1987).

Physically-based models are intended to repredemtessential mechanisms controlling
erosion, they take into account physical charasties as plant growth and climate. USDA-
Water Erosion Prediction Project (WEPP) is an examplghysically-based erosion model
that combines a process-based hydrology modeliiawlater balance model, a plant growth
and residue decomposition model, a climate generaiod a soil consolidation model

(Nearing et al., 1989) and based on numerical isoisit{Lane et al, 2000).

Few process-based erosion models contain a wintdrology routine. The EUROSEM
model—the European Soil Erosion Model (Morgan et B098), which simulates single
runoff events is another model that contain hydyglooutine. Unfortunatelyhe EUROSEM
has been suspended due to some technical difésuteing experienced by some users and to

the lack of financial recourses to develop the q&I#ROSEM web site).

Since the first version was released in 1995, tlt&P¥® model has been in a maintenance and
implementation mode. The Water Erosion PredictioneetoWVEPP model (Flanagan and
Nearing, 1995) is one of the well-validated erosmweadiction models that have been widely
used (Merrit et al., 2003). Many authors have tesite performance of the WEPP hillslope
model, finding adequate predictions for averageffuand soil losses (Zhang et al., 1996),
but also less accurate predictions (Ghidy et 8951 Kramer and Alberts, 1995). However,
WEPP predictions were better than the predictionsbgtels like EPIC and ANSWERS, with
reasonable degree of confidence for soil loss dfiation under a specific condition Bhuyan
et al., 2002). Still, few studies have been regbwtere the model has been applied outside
the USA. Uses of the model have occurred in Sp8wmtq and Diaz-Fierros, 1998), UK
(Brazier et al., 2000), Australia (Yu and Rosew2D01) and Brazil (Bacchi et al., 2003).

Discussion of the WEPP model parameter and struarnereresented below:
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Water Erosion Prediction Project (WEPP) Description

Model outputs
The hillslope version of WEPP outputs estimates efgpatial and temporal distributions of

soil loss, sediment yield, sediment size charaaties, runoff volumes and the soil water
balance. The WEPP profile also considers sedimerusitegn and is applicable from the top

of a hillslope to a channel. The basic output coistdhe runoff and erosion summary on a
storm-by-storm, monthly, annual and average anbasis.

Input data
The simulation model predicts soil loss, runoff aediment deposition from surface flows on

hillsides. The major inputs for running the WEPPdhilpe version need four data files: a
climate file, a slope file, a soil file, and a mgament file. The climate file requires daily
values for precipitation, maximum and minimum tenapére, and solar radiation. In addition
to rainfall amount, the model requires three vdeslrelated to rainfall intensity, used to
compute rainfall excess rates and thus runoff. Togesfile consists of a sequence of slope
elements with uniform properties with respect tertand flow: the so-called Overland Flow
Elements (OFE). These are defined as “regions orishopié of homogeneous soil, cropping
and management”, and are the basic units for maodeb#rosion. The soil file contains
information on the physical (soil texture), cheni¢@EC, organic matter content) of the
topsoil and subsoil and hydrological characterssti¢erodibility indexes, hydraulic
conductivity) for the topsoil. The management filentains information needed to define
initial conditions, tillage practices, plant growplarameters, residue management, and crop
management (Flanagan and Nearing, 1995).

Model structure

WEPP uses mainly physics-based equations to deduyitirelogic and sediment generation
and transport processes at the hillslope and eastrscales. The model operates on a

continuous daily time-step.

Runoff modelling

The erosional processes result from the forces aayes developed in hydrologic processes
(Laflen et al., 1991). The components of the hydymial processes are climate, infiltration
and a winter component that accounts for snow aatatran and melt. On hillslopes, the soil

water status is updated on a daily basis and isnestjto obtain infiltration and surface runoff
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volumes—the driving force in the detachment by flagvwater in rills and channels (Laflen
et al., 1991). The water balance component usesmation about climate, plant growth and
infiltration to estimate daily potential evapotrpimation and soil and plant evaporation.
Rainfall excess is predicted using the Green-AmpgirM.arson (GAML) infiltration

equation. The peak runoff rate can be simulatedgusitier kinematics wave overland flow

routing or simplified regression equations.

Erosion/transport modelling

The erosion processes represented in WEPP are litoitekeet and rill erosion and erosion
occurring in channels where detachment is due tirawic shear. Through the erosional
components of the model, the three stages of erdsietachment, transport and deposition)
are quantified using the rill-interill concept aéstribing sediment detachment (Laflen et al.,
1991).

WEPP model uses steady state sediment continuitgtiegs) to estimate net detachment in
the hillslope (Foster et al., 1995).

9 _p. +p 1.14

dx

and

D, = DC(l_Ej 1.15
TC

Where G = Sediment load (kg/m/s) at distance x ftbenorigin of hillslope, X = Distance
down slope (m), D= Interrill sediment delivery rate to rill (kgAs), D = Rill erosion rate
(kg/mre/s), D= detachment capacity by rill flogkg/n¥/s), Te= Sediment transport capacity of the
rill flow (kg/m/s)

Net deposition of sediment in the hillslope is gbxethe relation:

T.-G) 1.16
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Where D, = Sediment deposition rate in the hillslope (k@gépnV, = Effective fall velocity of

the sediment (m/s)f, = Raindrop induced turbulence coefficient (0-4),= Flow discharge

per unit width (r's)

The model separately treats rill and interrill ssbsion as two major components of upland
soil erosion. Soil sediment eroded from internifa@s is assumed to be transported to a rill, the
distance between rills being taken as constantherhillslope. The interrill detachment is

presented as follows (Elliot et al, 1989):
D =K|I? 1.17

Where D, - interrill detachment rate i.e., delivery of sedimh from interrill areas to a nearby

rill [kg/(s-m?)], K, - interrill erodibility [kg/ (ri/s)], and| - effective rainfall intensity (m/s).

Since interrill erosion is a function of slope gead towards a nearby rill, the complete

expression for interrill soil erosion incorporatitige effects of ground- and canopy-cover is as

follows:
D, = Kiljeacas{%J 1.18
S, = 105- 085e™"% 1.19

Where G, - ground cover adjustment factoC, - canopy cover adjustment facto§, - slope
adjustment factor, R, - rill spacing (m/rill), w - rill width (m) (Laflenet al, 1991), ands, -
slope of the land surface towards a nearby rille Thlue ofS, “varies from 0.2 for a flat

slope to 1.0 for a slope of 45°, to 1.05 for a slop90°”.

The erosion in rill (which can accept eroded salisents from the adjoining interrill area) is

given as follow:

D, =K, (r-1,) 1.20
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D, - rill detachment capacity of the clear flowing erfkg/(s-n)];

K, - rill erodibility parameter due to hydraulic shesain();
T - hydraulic flow shear stress acting on the saitipies (Pa); and

r.- shear stress below which there is no detachmetiteocritical hydraulic shear stress that

must be exceeded before rill detachment can oadimreshold shear stress (Pa).

The hydraulic flow shear stress of flowing water(in Pa) acting on the soil particles is
computed as follows:

T =)Rs, 1.21

Where y- specific weight of water (N/f R - hydraulic radius (m); and, - hydraulic

gradient or rill bottom slope.

1.6 Artificial neural network models
A neural network is a powerful data modeling tolehtt is able to capture and represent
complex input/output relationships (Najjar et d997).The NN is conceived to imitate the
functioning of the human brain by acquiring knovgedthrough a learning process and
finding optimum weights for the different connectsobetween the individual nerve cells(Liu
et al., 2003). Mathematically, a NN can be treatsda universal function approximator
Hornik _et al(1989).The NN is a non-linear model that makes disemarallel programming
structure capable of representing arbitrarily camphon-linear processes that relate the
inputs and outputs of any system (Hsu et al.,, 19%7)provides better solutions than
traditional statistical methods when applied tonbodefined and poorly understood complex
systems that involve pattern recognition (Poff let H996). Although NN do not provide a
model that is readily physically explainable, itaisziable technique to develop input—output
simulations and forecast models for situations wihenobjective is an accurate forecast (Uvo
et al., 2000).

A minimum of three layers is required in an ANNe timput, hidden, and output layers
(Figurel.8). An ANN consists of a set of processatgments, also known as neurons or
nodes, which are interconnected (Najjar and Zh&680). It can be described as a directed

graph in which each nodeperforms a transfer functiofy of the form
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Yy, = fi[ Wijxj_gij 1.22

Wherey; is the output of the nodex; is the jth input to the node, and; is the connection

weight between nodes andj . &is the threshold (or bias) of the node. Usually, is

nonlinear, such as a heaviside, sigmoid, or Gangarzaction.

ANN'’s can be divided into feed forward and recutrelasses according to their connectivity.
An ANN is feed forward if there a method which nuemball the nodes in the network such
that there is no connection from a node with adargmber to a node with a smaller number.
All the connections are from nodes with small nursli® nodes with larger numbers. An
ANN is recurrent if such a numbering method doesexdst.

ANN's is typically accomplished using examples. Thisalso called “training” in ANN’s
because the learning is achieved by adjusting déhe@ection weights in ANN'’s iteratively so
that trained (or learned) ANN’s can perform certwnks. Learning in ANN'’s divided into
supervised, unsupervised, and reinforcement legui8npervised learning is based on direct
comparison between the actual output of an ANN theddesired correct output, also known
as the target output. It is often formulated asntir@mization of an error function such as the
total mean square error between the actual outpdittlee desired output summed over all
available data. Reinforcement learning is a sp&eisé of supervised learning where the exact
desired output is unknown. It is based only onittiermation of whether or not the actual
output is correct. Unsupervised learning is sol&ged on the correlations among input data.

No information on correct output is available featning

Data move between layers across weighted connsctidnnode accepts data from the

previous layer and calculates a weighted sum ofsalhputs t:
t = zWij X, 1.23

Wheren is the number of inputsy is the weight of the connection between nodedj, andx
is the input from nodg¢. A transfer function is then applied to the weeghtvalue, t, to

calculate the node outputi,
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o =f(t) 1.24

The most popular neural network model in use is Ilaek-propagation feed-forward

multilayer perceptron (MLP) with sigmoid-type tré@isfunctions for the hidden and output
layers and a linear transfer function is commonrdgdifor the input layer due to its high
performance compared to the other networks (Lippma887).This type of neural network is
known as a supervised network because it requidesiaed output in order to learn. The goal
of this type of network is to create a model thatrectly maps the input to the output using
historical data so that the model can then be tsqutoduce the output when the desired

output is unknown

Predicte |, Observe
d Output | d Output

Input Layer Hidden Layer Output Layer

»

Data Flow

Figure 1.7 Layers and connections of a feed-forwlaadk propagating artificial neural

network.

The number of hidden nodes determines the numberoohections between inputs and
outputs. If too many nodes are used, then the ANdY bbecome over-trained causing it to
memorize the training data resulting in poor pradits (Lawrence, 1994). The learning rate
determines the amount the weights change duriregiassof iterations to bring the predicted
value within an acceptable range of the observédgeva he training tolerance refers to the
maximum error rate at which the network must cogegeduring training. Once the network
converges, an approximate function is developed w@tiided for future predictions. The
trained network is then tested with a separate skttavith its output information omitted.
Artificial neural networks are being successfullged in many areas closely related to soil

erosion. The American Society of Civil Engineers (A Jask Committee on Application of
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Artificial Neural Networks in Hydrology (2000a) refs applications for rainfall-runoff
modeling, stream flow forecasting, ground water eliog), water quality, water management
policy, precipitation forecasting, hydrological #nseries, and reservoir operations. Only a
few articles describe results of artificial neurstwork in erosion research. In that area,
artificial neural networks have been used maintydassification of erosion processes. Rosa
et al. (1999) captured interactions between the kamd land management qualities and a
vulnerability index to soil erosion in Andaluciagren in Spain by means of expert decision
trees and artificial neural networks. Harris andaBionann (1998) used expert systems and
neural networks as an alternative paradigm to nnadlfieal process-based erosion modelling
for South Downs in Sussex, England. However, we kradwno publication describing
guantitative prediction of soil loss and runoff the hillslope scale. Licznar and Nearing
(2003) used the neural networks to quantitativebdet soil loss from natural runoff plots,
utilizing 2879 erosion events from eight locatiansthe United States, indicated that the
neural networks performed generally better thanVitePP model in predicting both event
runoff volumes and soil loss amounts. Pachepslay. €1996) reported ANN’s estimated soil
water content based on soil physical propertiegeb#tan regression techniques. Starrett et al.
(1996) reported that an ANN performed bettér £r0.984) than a regression modéel
0.780) when predicting applied-nitrogen leakingolethe root zone of turf grass.

1.7 Soil erosion research in the Palestinian termfries

The erosion process is highly variable in the dieersosystems of the Palestinian highlands.
As these highlands cover a wide range of geograplications and a wide range of altitudes,
it is difficult to consider the area as a homogerseecosystem. Palestinian territories are one
of the Mediterranean region exhibiting differerdtst of the erosion problem (Soil and Water
Conservation Society, 1994). The first attempt t@suee soil erosion rates in Palestine was
made by Hammad et al. (2004). The study area locat&th southeast of the Ramallah
District in the central highland at 900 m above lexal with slope steepness of 2-3%. Using
runoff plots, to study the effect of stonewalleddeing on soil erosion under wheat canopy to
the nonterraced area for two rainy seasons. Theydf@anosion rates of between 182 kg/ha
and 3525 kg/ha during the first season, 1769 kgffth5057 kg/ha during the second season
for terraced and nonterraced plots, respectivelgsdile the limitation of model and
deficiency of data (Hammad et al., 2005) utilizeddf plots soil erosion measurements of the
previous experiment to use and adopt the RUSLE ntodék study area. They found that the

model over estimate the actual soil loss by thireegs and by 14% before and after adjusting
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the RUSLE factors respectively. The authors recommeritiat for accurate and reliable
validation of the model under this condition, itadvisable to conduct long term soil loss
experimentation and measurement.

Since then, there have been no erosion invegsiiggtand reference to soil erosion has often
been criticized because of a lack of quantitatia¢ad The causes of the erosion are the
intensive land use, overgrazing of pastures, atibm of annual crops on steep slopes;
deforestation, built-up areas, roads and abandtareti(MOA, 2004). Insufficient attention
has been given to elucidating the factors thatcatfee soil erosion processes.

Evidence of concern about soil erosion in Palegsngrovided by the Palestinian Authority
government’s National Strategies of Agriculture aBdvironment), which have been
formulated recently. Their aims are the promotionsaktainable land use, through the
execution of conservation strategies intended ¢vgt soil erosion and to generate economic
development for the population (MOA, 2000 and MER800). However, in spite of the
effort invested, this institution is based on textk technical proposals and lacks a scientific
basis. Lack of understanding of the causes andtefté erosion hampers the development of
appropriate conservation strategies. Obviouslyrethe a need for a better quantitative

understanding of erosion processes at the hillslope

1.8 Conclusion

The data from different research indicate that thvdmnkind is facing a huge problem of soil
deterioration and degradation by the process oélated soil erosion. Soil erosion was
recognized as a major problem of natural recoudssletion in the early 20 century.
Increased population and rapid industrializatiomeserated urbanization leading to rapid
exploitation of natural resources beyond its rerdevapacity. Soil erosion may be a slow
process that continues relatively unnoticed, aral occur at an alarming rate causing serious
loss of topsoil. The loss of soil reflected in regdicrop production potential, lower surface
water quality and damaged drainage networks. The aatl magnitude of soil erosion by
water is controlled by the Rainfall Intensity andri®ff, Soil Erodibility, Slope Gradient and
length, Vegetation and Conservation Measures.

A wide range of models exists for use in soil evosprediction. Few of these models have
component to consider the hillslope erosion.Theseetsodiffer in terms of complexity,
processes considered, and the data required foelnuadibration and validation to a new
condition. In general there is no ‘best’ model dirapplications. The most appropriate model

will depend on the intended use, availability of thata, and the characteristics of the study
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area being considered. Other factors affectingtiméce of a model for an application include
data requirements, accuracy and validity. Withia literature, the preferences of researchers
for certain model types over others largely refleed main viewpoints: emphasis on the
processes at work or emphasis on the output.

Soil erosion data on soil erosion in the Palestiriexritories are limited, and long time soil
erosion research lack. Those sparse measurementdephidtle information about the spatial
distribution of soil loss rate across the natioheTnost used Empirical erosion prediction
model RUSLE, require a long research experimenti@ ttabe validated and adopted to the
Palestinian territories. RUSLE predicts long-ternerage values of soil erosion (effects of
sub processes are lumped on annual basis). A rangder of parameters in this model will
have to be determined through calibration in spdega situations, raising difficulties with
identifiability, model uniqueness and the physicaerpretability of calibrated parameters.
These problems will also be observed with complexceptual models. A common modelling
problem is that the data requirements of the moditésn exceed the data availability in the
area being modelled.

Physically based models are being developed toagxphe dynamic relationships of the
erosion process (detachment, transport, depositiangl the models provide a great
opportunity to improve the estimation of erosioneThost notable advantage of the Water
Erosion Prediction Project (WEPP) model include cdppas for estimating spatial and
temporal distributions of soil loss (net soil Ides an entire hillslope or for each point on a
slope profile can be estimated on a daily, montblyaverage annual basis), and since the
model is process-based it can be extrapolatedotoad range of conditions that may not be
practical or economical to field test.

Another fascinating area that has emerged in 8894 is the application of artificial neural
networks (ANNSs) to natural resources phenomena ftiogleBecause ANNs have the ability
to learn from data and can result in significanvirsgs in time required for model
development. A trained neural network can be thowgtas an "expert" in the category of
information it has been given to analyse. Therefararal networks, with their remarkable
ability to derive meaning from complicated or imgise data, can be used to extract patterns

and detect trends that are too complex such agmssion.
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Based on the soil erosion result data on the deis from tow years experiment under five
different land uses in the Palestinian central larae WEPP model will be used to predict the
soil loss from these data as it has the abilitpredict soil loss in the daily basis. In addition
the ANN modeling will be used to develop a new Enogprediction tool for the study area,

and compared with the WEPP model.
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2 Study area and data collection

2.1 Introduction

The Palestinian Territories (PT) is located to thé ehshe Mediterranean Sea betweeni 29
and 33 North latitude and between 3%and 39 longitude (PEnA, 1999). Located at the
meeting point between Eurasia and Africa, speclficad the south-eastern corner of the
Mediterranean sea, creates unique topography asystems (Figure 2.1). Worth mentioning
that PT refers to the West Bank and Gaza Strip. Tha@d® a total area of about 6,210%m
(5845 knf in the West Bank and 365K Gaza Strip) (Ministry of Agriculture, 2004). The
West Bank is characterized by a great variatiotopography and altitude, where variations

range between 1020 meters above sea level and &#ssmelow sea level (PEnA, 1999).

The West Bank is classified into four major ecosysteased on several factors including
climate, topography and soil types. These systemdhar Jordan Valley region, the Eastern
Slopes region, the Semi Costal region and the @eHtghlands region. The central highland
region extends the length of the West Bank withritwst populated and accessible area to the
Palestinian people. This is the largest region en\tfest Bank with an approximate area of
3500 knf (PEnA, 1999). Its length is 120km including theaafeom Jenin in the north to
Hebron in the South. It is mountainous with someasa exceeding an elevation of 1000m
above sea level. It has a good average of anmiraflal ranging between 400mm in the
Southern foothills and about 700mm in the mountasnareas (Dudeen, 2001).

The vast majority of the cultivated area in the hagls is rainfed. Since old history, the olive
cultivated hills gave the west bank landscape isingjuished character. Of the total
agricultural area, olives and grapes predominate,veith almonds and fruit trees occupying
60% (PEnNA, 1999).

In this Chapter, the present conditions of the ystadea, including the soil, topography,
vegetation, land use and climate are briefly dbscrifor a better understanding of the extent
of the erosion problems. Methodology of data caoibec from the field experiments and
survey carried out during the implementation of Regional Initiative Project for Dry Land
Management by the Palestinian Ministry of Environimarthe period 2003/2004-2004/2005
and published information from various sources axyd. To understand the issue of saill
erosion in this ecosystem, five land use typesstigated at small scale, which represent the
major land use present in the study area. The laed investigated include olive grove,
vineyard terraced, vineyard non-terraced, foresd nd natural grassland.
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2.2 General description of the study area

2.2.1 Location

The study area is located in the Central Highlandimteinous region of West Bank in the
Palestinian territories about 13 km to the norttstwd Hebron city (Figure 2.1). Coordinated
at latitude 31° 38' and longitude 35° 04', withvateon of 750 m.

2.2.2 Topography

The topography of the area is dominated by faulth w&ithrust of 500-800 m, which have
divided the anticline ridge into a number of isethtblocks with a general direction
perpendicular to the fold axis. The topography & #hudy area varies from undulating to
mountainous. The lowest elevation of the CentrahHand mountains is 450 m and the
highest is 1020 m above the sea level (LRC, 208R)pe ranges from 2% to 40%, and the
length of the slope from 20 m to 50 m. The footslapd summit surfaces of the study area,
generally gently inclined (3-8%); hillcrests alsce amainly gently inclined (3-8%); and
sometimes moderately inclined (8-18%); hillslopes aoderately inclined (8-18%) and
sometimes steep (18-32) while valley flats are gagently inclined (3-8%) (LRC, 2000).
Topography, especially slope and slope lengthemegal have a strong influence on runoff
and hence the potential for erosion.

2.2.3 Geology

In general, Hebron Mountains has a shallow sdilthe area of study which is located to the
north west of Hebron has a good cultivation conethe slopes and the valley bottoms (LRC,
2000). The most common geological formation in thelyg area consists from limestone,
marl and dolomite dated to the Turonain age (Abe&if9) The oldest formations were

exposed a long the Hebron Anticline and the foramatbecome younger westward and
eastward (Rofe and Raffety 1963). The study aregpars of the mountainous series that
extends from the farthest south of Palestine tmfttre mountains of Negab (Negev), Hebron,
Jerusalem, Nablus and Galelee. The uplifting oftim&intains coincided with the formation

of the Jordan rift.

2.2.4 Vegetation and Land use
Indigenous plants include Aleppo Pine forest andqiis, Evergreen Oak Forest, Carob-
Lentisk Maquis, Garique and Batha in which Quercaltiprinos and Pistaca palaestina are

shown to be the dominant species (PEnA, 1999). Wniately all these forests were
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destroyed and only scattered trees are found. The iamainly cultivated with vine yards
and olive groves. Stone terraces along the hillsidée central highland mountains area used
to support different type of fruit trees such ase@lalmond, and vine yard. Large areas are
principally occupied by agriculture with signifidaawreas of natural vegetation. Thorny shrubs
such asSarcopoterium spinosumCalycotome villosaand Caridothymus capitatusare
common shrubs of the natural grassland (MEnA, 20DQ)ing the winter the grassland has a
sporadic surface coverage, whereas during the suntime, most of these grassland
disappeared due to lack of soil moisture as welh\asgrazing. The total area occupied by
forests is small in comparison with the other farfland use. Coniferous #finus halepensis

is the only remaining kind of forest.

2.2.5 Sall

The soil in this area is generally classified byf&#erg as terra rossa soils. The parent
materials, from which this soil originally was imited, are mainly dolomite and hard
limestone. Terra rossa is a product of Mediterrarctiamate as a result of alternation of rain
in winter with dry period in summer; this soil ikaracterized by low amounts of humus,
relatively high clay content (20-50 %), soil reactiis generally neutral or moderately
alkaline, with clay-to-clay loam soil texture (Yaal 1997; Zohary, 1947; Retrenbreg et al.,
1947).

Terra Rosa’'s CaC{content ranges between 15-40 percent, which mialesertile soil in
general (MEnA, 2000).The natural soils have a lowntoderate content of organic matter
from 2% to 4% (Dan et al., 1976). Land with thesi types is used to cultivate field crops,
mainly wheat and barley, vineyards, olive and friigdes. The American great group
classification that represents these soil assoastiare Xerorthents(MEnA, 2000). The
USDA soil temperature regime is thermic, since difeerence between the mean summer
(June, July and August) and mean winter (Decemlagryary and February) soil temperature
is higher than 8C (Dudeen,1999).

This type of soil is a characteristic of the bititareas with numerous rock outcrops that
could reach to about 30% to 50%. Different soilps® are permanent in such type of soil
according to various topography and elevation. Tbhi depth varies according to the
location; less than 50 cm in the hilly and sloppgas, and more than 100 cm in areas of low

inclination.

41

© 2007 Tous droits réservés. http://www.univ-lille1.fr/bustl



Thése d'lssa Albaradeyia, Lille 1, 2007
Chapter two Studeamnd data collection

2.2.6 Runoff and Infiltration

All the drainage systems in the Western AquiferiBad the study area originated from the
inland Hebron Mountains and are largely controllsda few streams flowing westwards,
some of which have cut deeply into the highlandth wieir numerous main streams lines
(Awadallah and Owaiwi, 2005). Therefore all the waltewing to the study area that is
located in the North Western Hebron District Basatershed comes from the relatively high
rainfall areas of the mountains regions to the.eHs¢ drainage systems are of the dendrite
type, which means that the area is subject to @ lone of erosion process, despite of many
tectonic events affected affecting the area (Ayed Wishahi, 1999). The percent of water
infiltrated to the groundwater basins depends onyniactors such as topography, soil types,
rock formations, the rainfall and rainfall interysifThe infiltration rate in the study area is
more than 26 mm\h (Ravikovitch, 1992).

2.2.7 Climate

The climate is typical of the Eastern Mediterraneuth a short, cool, rainy winter and long,
hot, dry summer. The Eastern Mediterranean climatseiwi-arid, located in a narrow
transition zone between humid and arid climates] ®snassociated with a well-defined
precipitation pattern of winter rains, related b tcyclonic activity created or intensified
within the Mediterranean basin (Gat, 1982). In #limate zone, rain only occurs during the
winter and the summer is dry. Gat (996) has shthanhthe rain pattern is influenced by the
origin of the storms and the evaporative effectttd Mediterranean Sea. Most of the
rainstorms are associated with the Mediterraneamdr Whereas few storm events originate
over the Red Sea.

Although the rainstorms are restricted to the wiptriod, their seasonal distribution, amount
of rainfall, intensity, span and intermittence vagnsiderably (Rozanski et al., 1993). The
percentage of rainy days is very low and it rangely between 15.6% and 24.7% in the
winter season (Ministry of Transport, 2004). The maanual rainfall is ~500 mm distributed
unevenly between October and May with most rair(fafl0%) occurring between December
and April, 10-20% from October to November, an®l@ from April to May (Bar-Matthews
et al., 1996). Long period average monthly rainfidta in mm for Hebron metrological

station is given in (Figure 2.2).
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Source: Ministry of Transport, 2004.
Figure2.2 Average Monthly Rainfall in mm for Hebron Mébgical station (1975-2002)

The mean monthly temperatures during the summer mpfitom June to August, in the
study area 21.7°C. The hottest days of the yearrorcltAugust. The mean monthly
maximum temperature in the mountain area is 27.2A@ the mean monthly minimum
temperature is 17°C. In the winter (December torkraty), the mean monthly temperatures is
8°C. January and February are the coldest montlih, average maximum temperatures
10.3°C, and mean monthly minimum temperatures G @igure 2.3). At the end of the
winter, the temperature begins to rise again; hawewarming the atmosphere in April and
May is normally slower than the November coolingmiperatures below the freezing point
are registered nearly every winter in the mountaling registered minimum temperature was
-3°C in January (Kessler, Y. 1994).

‘—Q—Mean Min Temp —s— Mean Max Temp

Degree Celsius

Jan Feb March Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Source: Ministry of Transport, 2004.
Figure 2.3 Average Monthly Maximum and Minimum Terajure in Degree Celsius for

Hebron Metrological station (1975-2002).

The direction and velocities of winds in the studgyaachange according to the seasons
of the year. The main wind direction is from westuthwest and northwest. Variation during
winter is associated with the pattern of depressipassing from west to east over the
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Mediterranean. During the summer, the prevailingdsicome from north-west, at an average
speed of 10 km/hour during the day, decreasing tonfhour during the night and early
morning hours. In the winter, the winds are mostérently from the south-west, with a wind
velocity reaching 35 km/hour (MEnA, 2000). The Khaeses desert storm, may occur
during the period from April to June. During thédnaseen, the temperature increases, the
humidity decreases and the atmosphere become htezgwst of Arabian desert origin.

The mean range of annual relative humidity is 60-4Blgure 2.4). The relative humidity
reaches 40% in mid-day and increases graduallyachr 80-100% as an average at night
(Kessler, Y. 1994).

‘—Q—Mean RH % —=— Average ‘

Jan  Feb March Apr May Jun Jul  Aug Sep Oct Nov Dec
Month

Source: Ministry of Transport, 2004.
Figure 2.4 Average Monthly Relative Humidity forliften Metrological station (1975-2002)

Mean daily evaporation varies from 2 mm/day in &aber to 8.5 mm/day in August. Long
period average evaporation data from Hebron magicdd station (31 30' lat. N. - 35 6'
Long. E., elevation 920 m) are shown in (Figure.2.5)
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Source: Ministry of Transport, 2004.
Figure 2.5 Average Monthly Evaporation for Hebroetkélogical station (1975-2002)
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2.3 Field Study

The physical conditions of the study area includsayl, topography and vegetation are
important in erosion studies because they can atelicow the area is subject to erosion. The
differences in these properties will have a diffeéri@fluence on runoff and erosion.

The field data collected during the two year fieigperiments and survey carried out during
the implementation of the Regional Initiative Pobjdor Dry Land Management by the
Palestinian Ministry of Environment in the period022004-2004/2005, included rainfall,
runoff, erosion, and vegetative cover in each @aime physical and hydraulic properties of
the soil were also determined. The methods useddibgcting the data are presented in the

next paragraphs.

2.3.1 Field Experiments

Field experiments in the present study are interatguroviding runoff and erosion statistics
under various land use types. The data will helpssessing the effect of land use type, on
soil properties, runoff and sediment yield. The dato aid in analysing the relationships
between rainfall-runoff-erosion and for identifyirappropriate runoff and erosion models
suitable for the Central highland. Field experingemvolved five different land use types
representing the major land use types of the Clehighland mountainous area. These
include forest, grassland, olive grove, vineyardaieed and vineyard non-terraced. Five plots
having an area ranging from 450 to 2337 and a slope from 8% to 22% were used (Table
2.1). A small earth bank 0.5 m wide and 0.5 m hwghs constructed along each plot
boundaries to prevent runoff out of the plots.tiA¢ outlet of each plot, a sediment pond was
provided to collect sediments followed by a collecttank to collect the runoft.

Table 2.1 Description of experimental plots.

PLOT | LAND USE PLOT AVERAGE | SUPPORT PRACTICES
NO. DIMENSIONS SLOPE %
1 Forest Land 57m x 41m 22 Non-terraced with no tillage.
2 Natural grassland | 52m x 36m 19 Non terraced with no tillage
. Non terraced with conventiong|
3 Olive grove 37mx 28m 13 tillage.
4 Vineyard 31mx 23 m 10 :tli—l(lea:g?ed with conventional
5 Vineyard 18 x 25 m 8 Non terraced with conventiong|
tillage.
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2.3.2 Topography

A slope is the rise or fall of the land surface.irgoup from the foot of a hill toward the top,

this is called a rising slope and going downhHistis a falling slope. The slope of a field is
expressed as a ratio. It is the vertical distaocdjfference in height, between two points in a

field, divided by the horizontal distance betwedrese two points. The formula is:

heightdiferencémeters

Slope= - : 2.1
horizontatlistance(meter$

The slope can also be expressed in percent; thaifansed is then:

Slop@b = heightdiferencémeters %100 5 9

horizontatlistance(meters

The data relating to topography of the area weraiobt from a study by LRC (2000).
Confirmation of the data at the study areas wasethout together with the soil survey. This
confirmation is necessary, especially for the lander forest and orchard cover, where land
slope can not be estimated accurately from a m#powt on site assessment.

The land slopes and slope length were measuredcht ®@. A grid system was used to
determine the land topography of each land use. tgpee gridline were drawn in the
longitudinal direction of each land use under studife slope was measured using an Abney
level, and slope length using a measuring tape. dlbpe length for each gridline was
determined as the length travelled by runoff alahg gridline. Depending upon the
topography, there were one or more slopes andHeoigslope measurements for each site.
The average values of slope and slope length faletesite were determined using Equations
2.1and 2.2:

Sz 2.3

- nZthi
Ls="2 2.4
n

Where

S= average slope, %,

S = slope along™ segment of gridline, %,
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n = number of gridline segments,

L.= average slope length, m, and

L, = slope length along” segment of gridline, m.

2.3.3 Rainfall
Rainfall is often expressed in millimetres per dayn/day) which represents the total depth
of rainwater (mm), during 24 hours. It is the sufmab the rain showers which occurred
during these 24 hours. Rainfall data were colleéteoh two manual rain gauges set up near
the experimental area to measure the rainfall duttie field experiments. Rainfall data were
noted everyday at 8 a.m. and after each rainfahe\Rainfall data were also obtained from a
nearby automatic Israeli metrological station, teda2 km north of the study area. Soil
moisture from this metrological station were re@atdn the daily basis where also obtained.
The data recorded at depth of 25 cm in the dateelogg

The rainfall intensity is the depth of water (in mrageived during a shower divided
by the duration of the shower (in hours). It is egsed in millimetres of water depth per hour

(mm/hour). The rainfall intensity was calculatedngsihe following equation:

totalamournofrainwater(mm)

Rainf all intensitymm/ h) = . -
durationofainwater(h)

2.5

2.3.4 Vegetative cover and land use

Vegetative cover affects both runoff and erosiompliots, and therefore a proper description
of vegetative cover is important. Surveys on vegmiaunder the investigated land use at the
present study were carried out together with sed topographic surveys on the same sites
Observations on vegetation were obtained by reogrtiie land cover during the rainy season
in monthly basis. However, there is currently nangfard method available for accurately
measuring the vegetative cover. In this study, datthe conditions of vegetative cover in the
plots were obtained using the quadrant samplinghatetThe measuring was taken at the
various stages of plant growth. The estimation efubgetative cover under the forest and the
orchard trees was relatively subjective. Three saraptas, each 100°10 m x 10 m), were

used for the measurement of vegetative cover implite
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2.3.5 Soil physical and hydraulic properties

Information on Soil and soil fertility present inet study area was obtained from the Study of
Hebron Governorate Land and population (LRC, 2G0%) from the soil data base prepared
by the LRC. Information on soil physical and hydiaproperties of the plots was obtained

from soil samples and field measurements. A totako samples from the surface soil were
taken randomly in each plot for the descriptiortted surface soil. Soil properties measured
include texture, bulk density, and aggregate stgbgoil moisture contents at saturation and

field capacity, total porosity, effective poroségd infiltration characteristics.

Texture

Soil texture is an important parameter that affesdd structure, pore size distribution,
aggregate stability and ease of soil particle detaent and transportation, and therefore it has
significant influence on the erodibility of soil.oF example, clay soil is difficult to be
detached but due to its low infiltration rate, tw@off on this soil is high, and therefore the
soil is prone to erosion hazard for rainfall evewigh high intensities. Silt soil is easily
detached and transported, and the possibility 0bffuis also high due to a relatively low
infiltration rate. Sandy soils have a high infitiaa rate, but due to lack of structure and weak
aggregate stability the soil is easily detachedwveéieer, in sandy soil the detached materials is
relatively

difficult to transport (due to heavier particle) loyv overland flow rate compared to silt and
clay materials. Among those three soils, silt $®iprobably the easiest to be eroded. Soll
texture was determined in the laboratory usingsiege analysis and pipette methods (Tan,
1994).

Bulk density

The bulk density g) indirectly provides a measure of total porosityp(), infiltration

characteristics and the water holding capacityhefdoil, and thus may relate to the runoff and
erosion. The samples were taken using bulk densitysrand were oven dried for 48 hr and

the y was determined using the following equation:

Wd
=Y 2.6
YV

r

Where y = bulk density, kgm®
W, = weight of dry soil in the ring, kg, and
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V. = volume of soil ring,m®

The value ofV, was computed using the following equation:
V, =m*d 2.7
Where r = the radius of the ring,

d = the depth of soail ring.

Total porosity and effective porosity

The volumetric water content of the soil at satoratevel is equal to the total porosityp,(

of the soil. The difference betweegm and the value of soil moisture at field capacty ) is
defined as the effective porosity() (Ahuja et al., 1984). The values of soil moisture at
saturation @,) and field capacity &, ) are used for describing the effective porosity. The
effective porosity .) is related to the infiltration rate of soil (BayBower, 1993). The

values obf,, and &, were determined in the laboratory.

Aggregate stability

Aggregate stability determines the stability ofl structure and is important in maintaining
the infiltration rate and hydraulic conductivityofFsoils with a weak structural stability, the
soil structure changes considerably after saturasiod affects the porosity, which in-turn
affect the infiltration rate and hydraulic condwdi. Soils with low structural stability tend to
have a high potential for runoff and consequenttyraore prone to erosion.

Soil samples for the determination of aggregatéilgia were the same as those used for
determination of soil texture. Aggregate stabiltyas measured following the method of
Castro (1991). Soil samples were sieved to passigihra 4 mm diameter opening and were
than air dried for 7 days. Samples were then piat anseries of sieves which retained soil
aggregates with sizes 4 to 2 mm, 2 to 1 mm, 15avin, 0.5 to 0.25 mm and < 0.25 mm. The
soil in the sieves was wetted for 15 min and thiesok for 10 min. The soil remained on each
sieve was then oven dried at 105°C for 48 hr andjlveel. The aggregate stability of soll
retained in each sieve was computed using thewollp equation:

W..
A, =, X100 2.8

S
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Where A, = aggregate stability of soil retained in tHe sieve (%),
W, = total oven dry weight of soil sample used fa tbst,

W, = oven dry weight of soil remained in thi sieve after the test.

Infiltration characteristics
The infiltration rate of a soil is the velocity ahieh water can seep into it. It is commonly
measured by the depth (in mm) of the water layat the soil can absorb in an hour. The
infiltration rate of a soil depends on factors the¢ constant, such as the soil texture. It also
depends on factors that vary, such as the soiltareigontent. During a rain shower, the soil
pores will fill with water. If all soil pores arelled with water the soil is said to be saturated.
After the drainage has stopped, the large soilgare filled with both air and water while the
smaller pores are still full of water. At this staghe soil is said to be at field capacity.
Infiltration characteristics of the soil are impant for the study of runoff and erosion.
Thep,, is the most dominant factor to influence the mowvenod water in soil (Ahujaget al.,
1984). The main soil water transmission parametekide the saturated or field-saturated
hydraulic conductivity, and the matric flux poteaitior Sorptivity (Elrick and Reynolds,
1992). Infiltration characteristics of the surfexml were measured in the field using a disc

permeameter. Infiltration was described by threeup@ters, sorptivity § ), steady-state or
long-term infiltration rate () and saturated hydraulic conductivitif ().

The parameterS, is the quick absorption of water by soil at thegihaing of
infiltration. S, is a measure of the ability of an unsaturated proadium to absorb or store
water as a result of capillarity. The parametgls related to ease with which the water can

move in the soil profile. The saturated hydraulicaactivity characterizes the saturated
component of soil water flow, while the matric flpotential or Sorptivity characterizes the
unsaturated component of flow. Rainfall at ratesaggr than the infiltration capacity will
result in surface runoff. The steady infiltrationeraepresents the minimum capacity as the
soil can absorb additional amounts of water in @amdhe soil. The steady infiltration rate is a

function of the pore configuration of the soil.

2.3.6 Runoff
The runoff data for each plot were obtained aftethe@in event. The rain event separated

from another rain event by more than six hoursl(&wd Water Conservation Society, 1994).
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The water collected in the runoff collection tanksregmeasured after allowing the sediment
to settle down by emptying the tanks. Then the fimceeach tank was mixed thoroughly and
samples were taken to determine the weight of dileless in the runoff water collection

tanks.

2.3.7 Soil loss

Soil loss data for the plots were obtained fromsbdiments deposited in (i) sediment pond,
and (i) from the runoff water collected at the offncollection tank. After that Sediment
yield, on dry weight basis, from a plot for a givexinfall event was determined using the

following equation:

S, +S
Yy =—+_™ 2.9
A,
Where Y, = sediment yield of plot for a given rainfall evekg, hat,

S, =sediment deposited in the sediment pond, kg,
S,, =sediment present in the runoff water collectiorktdg, and
A, =area of plot, ha.

The values of S, and§,, for each rainfall event were obtained as follows.

Sediments deposited in the sediment pds)

Sediments deposited in the sediment pond were wdighder moist condition. To obtain the
dry weight of the sediment yield, five samples (@200 g each) of the moist sediment were
taken. The samples where then oven dried at 10%'@8dours to get the moisture content.
The moisture contentd) of the moist sediment in a sample was computedgute

following equation:

W_-W,
6=—"—9%x100% 2.10
Wd
Where 6 = the moisture content of the sediment sample, %

W, = the moist weight of the sediment sample, kg, and
W, = the dry weight of the sediment sample, kg.

The average moisture contents were computed frorsetlive moisture content. The dry

weight of the sediment in the pond was computedgusie following equation:
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(100— éj xS,
S =

2.11
P 10C

Where S, = dry weight of the sediment in the pond, kg,

6 = average moisture content of the sediment samidleand

S,m= weight of the moist sediment in the pond, kg.

Amount of sediments contained in runoff wates(, )

The sediment concentration of the runoff water watained by knowing the
average weight of dry sediment per unit volumehefrunoff water. From the runoff
collected in a runoff collection tank, five sampleach 100 ml, were taken. These samples

were then oven dried to obtain dry weight of theisent(W, ).The sediment

concentration of the runoff water was computed giive following equation:

— Wdl +Wd2 +Wd3 +Wd4 +Wd
s 5

C > x10 2.12

Where C. is the sediment concentration in the runoff wateng/L, and

S

W, W,, W5, W, andW,; is the dry weight of sediment for samples 1, 24 3,

and 5 respectively, mg. th&y, computed as follow:

S = C, xrunoff 2.13

2.4 Conclusion

The Palestinian territories located to the east pathe Mediterranean have a short, cool,

rainy winter and long, hot dry summer. The ceniigh land mountains ecosystem represent
the most and large cultivated area with differesmdd use prevailing in the Palestinian

territories.

Understanding the different factors that effect sopsion problem in the Palestinian Central

highland mountainous area, it is a prerequisitenfodelling and predicting the soil loss under

this condition. Therefore this understanding m#sbhased on experimental data, to model the

cause and effect of relationship of soil loss fetin order to achieve that, soil loss; runoff
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and soil erosion factors were collected from adfigtudy carried out for two years under five
major land uses existing in the central highlankle Tata collected are the runoff, soil loss,
vegetation cover, rainfall and rainfall intensitppography including the slope and slope
length, and the soil physical and hydraulic prapert

In the next chapter and based in the collected, daiafall data will be analyzed, the runoff

and erosion data from each plot will be studiedxamine the effect of land use on runoff and
erosion, and to study the relation between thefalkirunoff-erosion relationship. The effect

of land use types on soil physical and hydraulicperties of the soil will also be examined
in the next chapter, in addition to the relatiotamen hydraulic and physical properties of the

soil.
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3 Rainfall erosivity and soil erodibility in the study area

3.1 Introduction

Soil erosion is highly influenced by rainfall detacent force and soil resistance and
erodibility. In this chapter the rainfall erosivigyd soil erodibility under the different land use
during the study period are studied and discussel@velop a better understanding of rainfall
energy and soil resistance parameters. Study detateainfall analysis and soil erodibility is
almost absence in the Palestinian territories, leaginot been studied previously due to the
lack of needed data. These parameters are veryriampan soil erosion prediction and

modelling.

3.2 Rainfall characteristics (Depth and Erosivity)

Rainfall erosivity is a very important factor inettsoil erosion research. Rainfall data and
characteristics such as duration, frequency anensity affect the soil erosion process
(Whiteman, 2000; Schwab, et al., 1993). The raipgirenergy helps detach soil particles, and
by generating runoff the rain contributes to trengport of these particles (Morgan, 1995).
Rainfall can be characterised in many ways, varyiiom total precipitation in a year, season
or other period, to daily rainfall or totals pemfall event (Hoogmoed, 1999). This section is
carried out to determine the erosive potentiahefriainfall (for each rainfall event, maximum
thirty minute intensity 4o), utilizing the daily and event based rainfall alabllected during
2003-2004 and 2004-2005 rainy seasons. Total amalumation, rainfall event intensity,

maximum thirty minute intensityd, and kinetic energy analyzed.

3.2.1 Rainfall depth and duration

A total of 41 and 32 rainfall events were monitodading 2003-2004 and 2004-2005 rainy
season respectively. The events were monitoredgluhie rainy season, which is normally
from October to April. Table 3.1 shows the rainfdépth during the two rainy seasons.
Rainfall depth varies from 0.5 mm tol1.7 mm with dverage value per rainfall event 4.12
mm, and from .06 mm to 9 mm with its average valeerainfall events 4 mm for 2003-2004
and 2004-2005 rainy season respectively, underaiméall event class< 4h. Similarly the
rainfall events depth under > 4h duration classegairom 1.3 mm to 44 mm with its average
value 20.1 mm, and from 10 mm to 72.2 mm with agerzalue 29.3 mm for 2003-2004 and
2004-2005 respectively.
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Rainfall duration varies from 0.25h to 4h with aage 1.72h, and 0.25h to 3.16h with average
1.65h for 2003-2004 and 2004-2005 respectively uddeation< 4. Also the duration varies
from 4.25h to 16h with average 7.35h, and from H.6618.25h with average 9.8h, for 2003-
2004 and 2004-2005 respectively under duratiorsctas.

The analysis of the rainfall duration and deptheeded that the total rainfall events with
average duration above 4 hours for both seasonsilmae more than 80% of the total
rainfall; despite they represent only 43.5% oftibtal rainfall events.

Rainfall distribution patters in the study area 2003-2004, 2004-2005, and 1975-2002 (long
term data from the Hebron metrological station) giken in Fig 3.1. The onset of the rainy
season was late, and the number of the rainfalitewas less in 2004-2005 compared to one
in 2003-2004. However the cumulative rainfall dgrthe 2004-2005 was higher than those in
2003-2004. The total rainfall depth in 2003-2004\883.48 mm and that in 2004-2005 was
558.5 mm.

The long term average values (1975-2002) of rdirdfapth from the Hebron metrological
station was 581.33 mm. the total rainfall depth2003-2005 and 2004-2005 are only about
67% and 96% respectively of the corresponding &afaethe long term data. This mean the
potential erosivity of the rainfall under 2004-20&6ny season will be almost as those occur
under average conditions. While the erosivity undeerage conditions is expected to be
much greater than those occurred during 2003-2004.

Table 3.1. Analysis of rainfall events number, dimrmand depth

<4H >4 H TOTAL
Rainy season 2003-2004

No. of events 27 14 41
% of total 65.9 34.1

Min. event duration h 0.25 4.25

Max. event duration h 4 16

Avg. event duration h 1.72 7.35

mm in class 111.48 282 393.48
% of total 28 72

Min. event depth mm 0.5 1.3

Max. event depth mm 11.7 44

Avg. event depth mm 2.12 20.1
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<4h >4h Total
Rainy season 2004-2005
No. of events 15 17 32
% of total 47 53
Min. event duration h 0.25 4 55
Max. event duration h 3.16 18.25
Avg. event duration h 1.65 9.8
mm in class 59.5 499 558.5
% of total 10.7 89.3
Min. event depth mm 0.6 10
Max. event depth mm 9 72.2
Avg. event depth mm 4 29
600 + 1975-2002
550 = 2003-2004 l
g 2004-2005 |
500 - [
450 -
400 -
E 350 | !
= 300 - |
S 250 |
©
= 200 A ‘
150 +
100 4
50
0 |
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Figure 3.1. Rainfall distribution during the stu(®003-2004, and 2004-2005) and that based
on long term data (1975-2002).

3.2.2 Rainfall size and intensity

The rain events were divided into 4 size classesy wmall (<1mm), small (1-10 mm),
medium (10-20) and large (>20 mm) (Hoogmoed anddStrijder, 1984). From the
frequency analysis of rainfall size classes (Tallg3t can be seen that approximately 60%
of the events were < 10 mm. Though small eventy tepresented 18% of total rainfall.
While only 40% were bigger than 10 mm, this peragatwas responsible for 82% of the total
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rainfall. However, events > 20 mm were moderatelgnmon, representing 22% of the total

events but up to 58.5 % of total rainfall.

Table3.2 Frequency analysis of rainfall size classes for2@004 and 2004-2005 seasons.

RAINY SEASON 2003-2004

<1mm 1-10 mm 10-20 mm >20 mm Total mm
No. of events 4 23 7 7 41
% of total 9.7 56.1 171 17.1
mm in class 2.6 98.48 104.4 188 393.48
% of total 0.7 25 26.5 47.8
Rainy season 2004-2005

<1lmm 1-10 mm 10-20 mm >20 mm Total mm
No. of events 1 15 7 9 32
% of total 3.1 46.9 21.9 28.1
mm in class 0.6 68.9 120.8 368.2 558.5
% of total 0.1 12.5 21.6 65.9
Rainy season 2003-2004 and 2004-2005

<1mm 1-10 mm 10-20 mm >20 mm Total mm
No. of events 5 38 14 16 73
% of total 6.8 52 19.2 22
mm in class 3.2 167.38 225.2 556.2 951.9§
% of total 0.3 17.6 23.6 58.5

According to the NWS (1995) there are three caiegauf rainfall intensity: light (up to 2.5
mm h'), moderate (2.6 to 7.5 mnthand heavy (more than 7.5 mit)hOur analysis of the
average intensity of all rainfall events during 268004 and 2004-2005 rainy seasons (Table
3.3) revealed that 41% of the events were < 2.5 hilprapproximately 59% of events were
between moderate and 0% of events were heavy.ighieevents represented 23.5% of total

rainfall and the moderate events represented 76f3%e total rainfall.
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Table 3.3. Frequency analysis of rainfall eventemsity classes for 2003-2004 and 2004-

2005 rainy seasons.

Rainy Season 2003-2004

<25mmA | 25-75mmH | >75mmHA Total
No. of events 17 24 0 41
% of total 41.5 58.5 0
mm in class 94.88 298.6 0 393.48
% of total 24.1 75.9 0
Rainy season 2004-2005

<25mmA | 25-75mmH | >75mmH Total
No. of events 13 19 0 32
% of total 40.6 59.4 0
mm in class 128.7 429.8 0 558.5
% of total 23 77 0
Rainy seasons 2003-2004 and 2004-2005

<25mmA | 25-75mmH | >75mmHA Total
No. of events 30 43 0 73
% of total 41 59 0
mm in class 223.58 728.4 0 951.98
% of total 23.5 76.5 0

So far, the analysis has been based on the aviertagsities of the rain event. Yet within a

rain event there are short periods when the irntemrsin be very high, and therefore very

erosive. Thegh term was calculated from the maximum rainfall tepteasured in a 30-min

period for each rainfall event (Table 3.4). Stormradions <30 min were occasionally

detected for temporal resolutioAs < 15 min. In this casezd was twice the amount of the

rain (Wischmeier and Smith, 1978). Thgihtensity revealed that 20.5% of the events were <

2.5 mm R, approximately 54.8% of events were between maelenad 24.7% of events were

heavy. The light events represented 3.4% of taadfall; the moderate events represented

37.8% of the total rainfall, and the heavy evenfgesented 58.8% of the total rainfall depth.

The intensity analysis was done to find out theetimenergy of rainfalls.
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Table 3.4. Frequency analysis of maximum thirty ut@n(I30) intensity classes for each
rainfall even for 2003-2004 and 2004-2005 rainysess.

Rainy Season 2003-2004
<25mmA | 25-75mmH | >75mmHA Total
No. of events 8 25 8 41
% of total 19.5 61 19.5
mm in class 15.1 171.88 206.5 393.48
% of total 3.8 43.7 52.5
Rainy season 2004-2005
<25mmA | 25-75mmH | >75mmH Total
No. of events 7 15 10 32
% of total 21.9 46.9 31.2
mm in class 17.2 188.3 353 558.5
% of total 3.1 33.7 63.2
Rainy seasons 2003-2004 and 2004-2005
<25mmA | 25-75mmH | >75mmHA Total
No. of events 15 40 18 73
% of total 20.5 54.8 24.7
mm in class 32.3 360.18 559.5 951.98
% of total 3.4 37.8 58.8

3.2.3 Rainfall erosivity

The rainfall erosivity is a numerical descriptor tife ability of rainfall to erode soll

(Wischmeier, 1959). The most suitable expressiahefrosivity of rainfall is an index based
on the kinetic energy (E) of the rain (Morgan, 1P9b runoff and soil erosion research it is
crucial to determine the kinetic energy of rainfalince this energy is what drives these
processes. Many empirical relationships have beseldped in different areas of the world
for calculating E from the measured intensities.cémprehensive examination of these
relationships has been recently presented by Satllals (2002).

The original, discontinuous unit energy equationg®meier and Smith, 1978) was applied
to calculate E:

KE =11.87 + 8.73 log |

Where 1 is the rainfall intensity (mm*hand KE is the kinetic energy (JAmmY).
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We determined this parameter from data of the te@ry rainy season both for each rainfall
event intensity, and for maximum 30 minute intenglgg) for each rainfall event for both
rainy seasons.

The Kinetic Energy results for the whole eventssirewn in Figure 3.2.a and b for the 2003-
2004 and 2004-2005 rainy seasons. At least 65%5&86 of the rain events had kinetic
energy values below 16 J5mm*; most of the remaining rain event for both seasbdsot
surpass values of 19 JAmm™.Whereas the kinetic energy for the maximum thinipute
intensity for each event of the tow seasons as shawigure 3.3.a and b, that 75% of the
values are above 16 JAmm*,and value didn’t surpass the 23 19 3mm™.

In general the kinetic energy values were low. Hoisfirms that most of the rainfall events in

the study area are light, but some are heavy entmughuse real damage to the soil surface.
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Figure 3.2.a and b. Kinetic energjrainfall events, figure A for 2003-2004 and figuB for
2004-2005 rainy seasons.
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Figure 3.3.a and b. Kinetic energy maximum thirty minute intensityyl, of each rainfall
events, figure A for 2003-2004 and figure B for £2Q005 rainy seasons.

3.3 Soil erodibility

There is little information about erodibility inghstudy area, even though this one of the most
important factors affecting soil erosion. A soilferent susceptibility to erosion by water is
guantitatively expressed by its erodibility (ElI-Sfyaand Dangler, 1977). With the
development of the soil erosion prediction techggladentification of the soil erodibility
parameters became a central issue in erosion st(Bligan et al., 1989).

The soil erosion resistance values in models aenafcquired through calibration because it
is very difficult to estimate the actual value sirsoil erosion resistance does not represent an
actual measurable soil property. However, whilenest in the best practice and management
systems, calibration becomes undesirable becaudeed not allow the prediction of soil

erosion rates for areas where calibration dateotsamailable and more importantly, where
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calibration does not lead to an increase in knogded herefore it becomes crucial to link a
soil's erosion resistance to one or some easy-madAsusoil properties. This resistance
depends on soil properties like texture, structstability, organic matter content, type of clay
and chemical properties (Berzegar et. Al., 1998 oMoand Singer, 1990). Kunwar et al.
(2003) pointed out the importance of aggregateilgtalbs an important property related to
soil erodibility and water acceptance.

To accurately predict erosion, all the predictiomd®ls require the user to specify soall
erodibility parameters. For example in Computeruation models like the Water Erosion
Prediction Project — WEPP (Nearing et al., 1989)developed by the United States
Department of Agriculture (USDA), two major compaie of water erosion have been
identified: rill erosion and interrill erosion. Thegodibility parameters reflect the resistance of
the soil mass to the detachment and transport messha operating during a water erosion
event.

Erodibility has generally been deduced from raindahulations experiments on soil samples
(Barthes and Roose, 2002) since this evaluatiothénfield is often expensive or time-
consuming. These are research tools designed 1y w@aper in a form similar to a natural
rain. The drawbacks of rainfall simulator reseaaoh the cost and time required to construct a
suitable simulator and the logistics (equipment pagonnel) entailed (Meyer, 1994).
Extensive research has been done in the UnitedsSttmtlefine water erosion processes and to
provide data for developing and testing erosiordigten technologies (Elliot and Laflen,
1993). These studies have determined equationshvgredict values for interrill erodibility

(Kj), rill erodibility (K;) and rill critical shear £.). K; and 7, measure soil erosion due to the

erosive forces of water flowing in small channelsilts. K; represents the soil erodibility due

to raindrop impact and sheet flow.

Therefore soil physical and chemical propertieeigeined from soil samples taken at each
land use were used to derive soil erodibility pagters utilizing the predictive equations of
the WEPP technology.

At each of the 10 points in each land use type wiseil sample were taken for analysis, K

was estimated using the formula of Flanagan andihg&1995) used in the WEPP model:

Ki = 2728000 + 19210000 vfs,

where vfs = very fine sand fraction in %.
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The derived interrill erodibility (K values ranged from 42to 71°1Rg s m* under all the
land use considered in the study (Figure 3.4). lagimum K value (71 10kg s ni*) was
under the Vineyard non terraced land use. The minirmeasured Ki value (42 1Rg s m*)
was observed under the Forest land use. Thange given for agricultural soils in the USA
is between 20 kg s mi* and 110 10kg s m* (Flanagan and Nearing, 1995), this indicates

that soils in this area of study are moderatelistast to erosion by raindrops.

80

I P

- i +/+—>K\>|</>K
60 \ e &
> /o/

Ki 10° kg s m*

40 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 2 3 4 5 6 7 8 9 10
—e&— Forest .
—O— Natural vegetation Soil sample

—a— Olive
—+— Vine terraced
—X— Vine non terraced

Figure 3.4. The derived interrill erodibility (Kunder the studied land use types.

Also at each of the 10 points in each land use &hkeill sample were obtained, rill erodibility
(Kr) and critical shear stress. were also estimated with the formulas of Flanagad
Nearing (1995) used in the WEPP model:

Kr = 0.00197 + 0.030 vfs + 0.03863%°9™qnd (4)

.= 2.65 + 6.5 clay — 5.8 vfs

Where, vfs = %very fine sand fraction and orgma¥erganic matter fraction and clay =
%clay fraction.

The derived rill erodibility () values ranged from 4 - 10 18 m*; for most of the soils
under the studied land use (Figure 3.5). The mimnk value was under the Forestry land
use as K whereas the maximum; Kalue was Vineyard non terraced land use also.Kihe
standard for agricultural soils in the USA is likeb range between 2 f@nd 45 16 s m*
(Flanagan and Nearing, 1995).These derived valuexe within the range standard for
agricultural soils in the USA, but with a greatfdience between the two higher values. These
results indicate that soils in the study area dse anoderately likely to be resistant to

detachment and transport by water.
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Figure 3.5. The derived rill erodibility (Kvalues under the studied land use types.

The derivedr. values ranged from 3.96 to 5.83 Pa (Figure 3.6 minimum value was

under the olive trees land use, whereas the maxiwaloe was under the forest land use. The

standard of the agricultural soils in the USA rarggween 2.1 to 4.9 Pa (Flanagan and

Nearing, 1995). The very high values under foraatlluse indicate that the soil under this

land use type is more resistant to detachmentrandgort by flow in rills than the other land

use type. These values agree with lower values ahl K under the Forestry land use.

5,5 1
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3,5

45 _|D_>_|_

K=

1

2 3 4 5 6 7

+
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—0O— Natural vegetation
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Figure 3.6. The derived critical shear stress \&alugler the studied land use types.
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3.4 Conclusion

The study of the rainfall characteristics reveatedeneral that, the rainfall intensity was very
low, with only a few rainfall events with considbta intensity and kinetic energy, which may
cause a real damage to the solil surface.

Derived soil erodibility parameters under the d#éfa land use on the study area, showed that
the soil erodibility is low in comparison with tlsgandard soil erodibility expected for the US
soil. the most erodibile soil were under the Vira@dynon terraced land use, while the most
resistance soil were the soil under the forest lasd. Unfortunitly there are no rill and
interrill erodibility data available that would aW for direct comparison of the studied soil
with other soil in the region.

Having the main data required for soil erosion nilote The next chapter will present and
summarize these parameters and prepare it for tmagleThe effect of the different land use
will be examined on these parameters. So the ruaradferosion data from each plot will be
studied to examine the effect of land use on ruaof erosion, and to study the relation

between the rainfall-runoff-erosion relationships.
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4 Analysis of soil Erosion

4.1 Introduction

Soil is the one of the most important natural reseuhat is not renewable in a
historical time scale. Erosion is a complex phenooneresulting from numerous interacting
factors: soil, topography, land cover and clim3iéschmeier and Smith, 1978). Runoff is the
main agent of soil erosion by water (Hudson, 19%8)! erosion by water is considered the
main land degradation and desertification processdihg to progressive inability of
vegetation and soils to regenerate (Mainguet, 19943ignificantly influenced by land use
and management. Runoff response and erosion i$yhighable under different land use and
management practises. Different management practioeler the different land use types
have a significant effect on soil physical and laydic properties. The erosion, to lesser
degree, is also influenced by the soil surfaceattaristics (Agassi, 1995). An interpretation
of vegetative cover, soil physical and hydrauliogmrties, and erosion and runoff data under
the different land use types obtained from the \stioised on rainfall events are discussed

and elaborated in this chapter.

4.2 Data presentation:

A series of univariate analysis were taken to engptbe data for each variable alone. Non-
normal distribution of the data, particularly inrfo of large skewness, can result in serious
errors in analysis and incorrect conclusions. Dt come from a normal or Gaussian
distribution should yield standardized skewness staddardized kurtosis values between —2
and +2 (George et al, 2005). As for the analysivariance the difference between the
smallest standard deviation and the largest musb@&anore than a 3 to 1, since the analysis
of variance assumes that the standard deviatioaltlavels are equal.

Therefore, normality test for each variable hasnbgerformed; hence, the results of this test
will be the base for the statistical analysis tggplied. Results from normality test for all the
variables gave evidences that some of the varidt@lee non-normal distribution with mostly
a positive skewness. Transformation using the cabkis reasonably fit well for all intended

variables. Data transformations have been perforasaétgy cube rootQ&) of the variables
values in order to minimize the skewness and preducormally distributed data. Figure 4.1

shows the data transformation for two indicatorarmgxample of the procedure followed for

all indicators.
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Figure 4.1. Normality test and data transformation events rainfall depth and duration
parameters.

4.3Vegetative under different land use types:

Vegetative and land surface cover and conditiorsicien one of main factors that influenced
the characteristics of water runoff and soil ernsi8oil losses and sediment yield from
cropped area have been estimated several timetegtban the native forest and natural
vegetation land use type (Rey, 2003). Percentaljeevaf vegetative cover in five different
land use types, forest (LU1), natural vegetatiotZ), Olive groove (LU3), vine yard

terraced (LU4) and vine yard non-terraced (LUS)given in Table 4.1. The vegetative cover
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and plant residues during the rainy season in tbetimy basis in LU1 is estimated to have a
constant value of 85% and with LU3 approximately®60rhe forest were growing under
semi-natural conditions, preventing the formatidnsarface sealing and minimizing the
velocity of the runoff water. The vegetative couader LU2 range from 35% to 85%, while
the vegetation under LU4 and LU5 decline from 5% a beginning of rainfall season to the
0% around the middle of the rainy season to theaéride rainfall period in both years of the
study.

LU4 and LU5 soils cultivated with vines remain abhdoare during fall, winter and early
spring due to the removal of annual vegetationlbwimng or application of pesticides and fall
of the vegetation cover. Therefore the minimum vagen covers were observed under these
two land use. The vegetative cover for LU4 and Lawé similar during both years. So the
vegetative covet under these land use types arsiguficantly different. This indicates the

terraces support practices dose not have a signtfieffect on vine vegetative cover.

Table 4.1. Percentage values of vegetative coveeuthne five land use types.

VEGETATIVE COVER %
YEAR/ Month of the year Mean Stdev
LAND USE
TYPES 10 11| 12] 1] 2] 3] 4
2003/ 2004
LU1 85858 |8 |85|85|85| 85
LU2 30| 35|40 | 55| 65| 80 |85| 54.2
LU3 60 | 60 | 60 | 60 | 65 | 65 | 65| 62.2
LU4 504020 0| O | O | O] 157 215
LU5 504020 O | O | O | O] 157 215
2004/ 225
LU1 851858 |8 |85|85[85| 85
LU2 30 32| 3| 65| 75| 85|85| 58.1
LU3 60 | 60 | 60 | 60 | 65 | 65 | 65| 62.1
LU4 50140 | 20| O 0 O |0 157 21.5
LU5 50| 40|20 O | O | O | O] 157 215

4.4 Soil properties under different land use type:

Soil properties qualify as important parametargletermining the soil erodibility and water
movement, infiltration and runoff (cerda, 1998chidsection analyse the effects of land uses
on the soil hydrologic and physical properties. @ analysis of variance (ANOVA) was
used to compare the effects of the five land-upegyon the soil properties. Since the P-value
of the F-test is less than 0.05, there is a sizi$t significant difference between the means
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of soil properties under the five land use at tb&Sconfidence level. To determine which
means are significantly different from which othekdultiple Range LSD procedure was
conducted at p < 0.05 level. Data analyses wemedaout using Statistic software (version
7.0).

Table 4.2 show the effect of land use types orsthleaggregate stability. Distribution of soil
aggregates differed significantly between all taed use types. The soils under LU3, LU4,
LUS5 had significantly higher mass of aggregatethan smaller diameter classes (<0.50 mm)
than the LU1 and LU2 soils. In the (>0.5 mm) clalsswever, the LU1 and LU2 soils
demonstrated greater number of aggregates than LU&,and LU5 soils. Given that small
aggregate size (<1.2 mm) was found to be a prdchdacator of soil degradation (Whalen
and Chang, 2002). Therefore Land use type LU1 a2 tend to increase the stability of the
soil aggregate, as it is evident from the percentaigtheir larger sized soil aggregate. The
difference in aggregate size may be an importastbfan controlling the surface runoff and
soil loss, as the smaller aggregate may detachsity esith rainfall. The presence of the
macro aggregates is usually and positively asstiaith OM concentration (Duiker et al.,
2003).

The effect of land use types, whether significaatistically, on soil physical properties are
given Table 4.3. The soil texture of the land yg®$ is clay, and the % of sand, silt and clay
vary between the land use types. The average %naof anges from 25 to 38.3 %, silt from
20.7 to 29 %, and clay from 41 to 54.1%. LU1 shbevlbwer value of sand and the highest
value of clay percentage followed by LU4, which nexplain the resistance of this land use

types to runoff and soil erosion, since the clandtbave a stable aggregate.

Table 4.2. Analysis of variance of the surface aggregate stability under the different land

use types.

LAND USE| % AGGREGATES BASED ON SIEVE OPENING
TYPES (MM)

<0.25| 0.25-0.5| 0.5-1 1-2 2-4
LU1 13,8 | 14,6 29 | 21,8 21,4
LU2 1585 | 16,7 | 27.8°| 2@ 19,95
LU3 18,4 186 | 26,2 | 1& 18,8
LU4 18,4 19,7 28 | 17,5 16,4
LU5 20 19 27,2 | 17 16,8
F-Ratio 459,25 506,49 | 34,04 | 570,48 70,58
P-Value 0,0000| 0,0000 | 0,0000| 0,0000 0,0000

* Means followed by the same letter in the samaroa are not significantly different.
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The average value gfof the soil ranges from 1203 to 1412 k& mnder the different land
use. The value are significantly different under all the land ugpes. The lower value gfis
found under LU1 and the highest value under LUSIsSander cultivation land use types
(LU3, LU4, and LU5) had higher bulk density tharethoils under forests and Natural
vegetation. The loss of soil organic matter untlerdultivated fields probably caused a higher
bulk density in the cultivated soils. In additionnder the cultivation, a decline in soil
aggregation resulted in the increased bulk density.

The average value of total porosity range fromt®33 % under the five land use types.
While the average value of the effective porosigyies from 21 to 23.85 % under the five
land use types. The highest values of total por@sitl effective porosity were under LU1 and
LU2. Depending upon the increases in bulk dengity disruption of pores by cultivation,
total porosity decreased accordingly. There wasgaifcant difference in total porosity
between the cultivated soils (LU3, LU4, and LU5§ldhe forest and natural vegetation soils.
The large value of total porosity under LU1 and Lt#h be related to aggregate stability of
the soil. Soil aggregation usually implies the pree of large and linked macropores and
largely controls movement of water, particularhanghe soil surface, where crust formation

and compaction can seal the surface (Morin efl@B9; Cerda, 1996).

Table 4.3. Analysis of variance of the surface pbysical properties under the different land

use types.

LAND USE SOIL PHYSICAL PROPERTIES

TYPES sand %| silt% | clay% vy (kg m®) pt %o pe %0 OM %
LUL 25 20.¢ | 54.7 1203 53 238% | 3,2
LU2 34.8 21.9 | 43.7 1272 48.7 | 23,28° | 4.07
LU3 38.3 20.7 41° 1336 4715 | 22,95 | 1,94
LU4 28.7 26° 45.8 1376 44.6 22,F 2.74
LUS 3¢ 2 41° 1412 4F 21,0 1,82
F-Ratio 40,79 | 43,61 | 73,74 | 504,51 | 142,63 | 10,97 | 172,30
P-Value 0,0000 | 0,0000| 0,0000| 0,0000 | 0,0000| 0,0000| 0,0000

* Means followed by the same letter in the sameimol are not significantly different.

The highest value of organic matter was observelkuthe LU2 followed by LU1, LU4, LU3
then LU5. The higher organic matter content unded land LUZ2 is mainly to the higher
vegetation cover. Vegetation increases soil orgamitter, soil porosity, and reduces bulk
density and soil erodibility (Cerda, 1996).
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Relative to organic matter of the LUl and LU2 soBOM of the LU3, LU4 and LU5 soils
decreased by 40, 15, 43% and 51, 31, 55% respctin addition the LU3, LU4 and LU5
comparative LU1 and LU2 increase the bulk densityllh, 6% and 15, 9% and 17, 11%
respectively. Similar findings were reported byjaidasi et al. (1997) that subsequent tillage
practices resulted in nearly a 20% increase in lolgksity and a 50% decrease in organic
matter for a soil depth of 0-30 cm in the centr@djibus mountain in Iran.

The relatively higher and significant organic mattentent under LU1 and LU2 contribute to
more stable soil aggregate as compared to LU3, bbd LU5. Therefore the difference
between the aggregate stability under the diffedland use could be attributed to the
difference in soil organic matter. The soil orgamnatters affect in the improvement of
aggregate stability, through its cementing acti@twieen primary soils particles (Idowu
2003). Table 4.4 show the effect of land use typleether significant statistically, on soil
hydraulic properties.

Table 4.4. Analysis of variance of the surface Bpdraulic properties under the different
land use types

LAND USE SOIL HYDRAULIC PROPERTIES
TYPES 0 % 0s % Smms? | Ksmm/h | i mm/ih | s mm/h
LU1 29,18 53 3P 23 38,08 | 4,92
LU2 25,78 | 48,7 29 20° 33,33 | 3,87
LU3 2425 | 47,1% | 25,85 19 27,F | 3,49
LU4 21,9 | 44,6 | 26,08 15 27,75 | 3,56
LUS 22 4F 23.9 11° 26,8 3,5
F-Ratio 192,31 | 142,63 | 313,55 | 233,77 | 840,53 | 370,49
P-Value 0,0000 | 0,0000| 0,0000 | 0,0000| 0,0000 | 0,0000

* Means followed by the same letter in the sameimol are not significantly different.

The average values 6f ranges from 21.9 to 29.15 %, afdrom 43 to 53 % (Table 4.4).
The highest values are observed under LU1 andthest values are under LU5 and LU4.
Land-use types significantly differed in saturatgdraulic conductivity and Infiltration
characteristics. Hydraulic conductivities wereistatally different between all land use types.
The infiltration parameters of the cultivated daild use types (LU3, LU4, LU5) were
significantly different from those of the forestdanatural vegetation soils. While the forest

and natural vegetation land use types had the &idityelraulic conductivity and infiltration,
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and the cultivated lands had the lowest values.dBweease in hydraulic conductivity and
infiltration characteristic of the soil under thdtovated land use (LU3, LU4, LU5S), relative to
the LU1 and LU2 may be attributed to the decreasesilk density and the mechanical
disruption of pore arrangements by the tillabee finding othe analysis of soil properties
under the different land use is in line with praisstudy conducted under similar condition in

the Mediterranean ecosystem and soil type of clayes in Turkey(Celik, 2005).

The higher Svalues of under LUland LUZ2 are probably relatethelower value of
antecedent moisture content of soil under these Use, due the more water uptake by the
plant. It is well known that the Sorptivity is stigly influenced by the antecedent moisture
content of the soil (Boyer-Bower, 1993). The highalues of landlsare under LU1 and LU2

and the lowest value are under LU5 and LUA4.

The cultivation practices under the cropland arewm to deteriorate soil properties,
especially reduce OM and change the distributiah &tability of soil aggregates (Singh and
Singh, 1996). Therefore the soils become moreeralvle to erosion since macro aggregates
are disrupted (Six et al., 2000).

In conclusion, the results showed that the culiivetand degraded the soil physical

properties, leaving soils more susceptible to tlesien. This suggests that land disturbances
by the cultivation practices should be minimize@twoid the further depletion of the soil

properties.

4.5 Effect of land use on runoff

Summary of the runoff data under the five land tyg® during the two years are given in
Table 4.5. The data show the ability of land ugséese to generate runoff varies with land use
types. The runoff data under the five land usesywere normally distributed. From the 41
rainfall events monitored during the 2003-2004 yaseasons, 36% of the events generated
runoff under LU1 and LU4 and 39%, 49%, 56% undeR].UJ3 and LU5 respectively. From
32 rainfall events monitored in 2004-2005 rainyseen 53% generated runoff under LUL,
LU2 and LU4, and 59% and 65% under LU3 and LUS5 eespely. The average, maximum
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and total values of the runoff for all land usedypn the year 2004-2005 are considerably
higher than those respective land use types inyda® 2003-2004 rainy season. This was
mainly due to the lower rainfall depth occurredhe rainy season of 2003-2004 in respect to
that of 2004-2005.

Table 4.5. Summary of the runoff under the fivel lase during the two years.

YEAR/LANDUSETYPES | LU1 | LU2| LU3| LU4 | LUS
2003/ 2004
No. of events 41 41 41 41 41
No. of events generated runoff 15 16 20 15 23
% of the events generated runoff 36 39 49 36 56
Min.runoff (mm) 0 0 0 0 0
Max. runoff (mm) 1.3 4 3.5 2.1 6.2
Avrg. Runoff (mm) 0.28 0.58 0.8 0.5 1.3
Total runoff (mm) 11.4 24 32.7 20.4 53.4
2004/ 225
No. of events 32 32 32 32 32
No. of events generated runoff| 17 17 19 17 21
% of the events generated runoff 53 53 59 53 65
Min.runoff (mm) 0 0 0 0 0
Max. runoff (mm) 3 4.1 4.9 3.5 7.5
Avrg. Runoff (mm) 0.72 1.3 1.55 1.1 2.4
Total runoff (mm) 23.2 41.9 49.8 35.3 67.8

The analysis of variance of the runoff data foreassg statistical significance of the effect of
different land use type for the year 2003-2004gaven in Table 4.6 and figure 4.1 .

Table 4.6. Analysis of variance of runoff under thierent land use type for the year 2003-
2004.

Contrast | Sig.| Difference| +/-
Limits

LUL - LU2 -0,307317(0,482829
LUL-LU3| * |-0,519512|0,482829
LU1 - LU4 -0,219512|0,482829
LUL-LUS5| * | -1,02439 | 0,482829
LU2 - LU3 -0,212195|0,482829
LU2 - LU4 0,08780490,482829
LU2 - LU5| * |-0,717073|0,482829
LU3 - LU4 0,3 0,482829
LU3-LU5| * |-0,504878(0,482829
LU4 -LUS5| * |-0,804878|0,482829

Method983.SD

*denotes a statistically significant difference.
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Figure 4.2. Analysis of variance of runoff undee tifferent land use type for the year 2003-
2004 (Means and 95% LSD intervals).

The average value of runoff per rainfall event.80mm for LU1, 0.58 mm for LU2, 0.8 mm
for LU3, 0.5 mm for LU4 and 1.3 mm for LU5. The walof LU1, LU2, LU3 and LU4 are
significantly different than the value under the3 &t P-Values 0.05. Also the value of LU1
is significantly different from the value of LU3 BtValues 0.05 but the value of LU3 is not
significantly different from those for LU2 and LUA4.

The analysis of means plot Figure 4.3 displays saohple mean together with a vertical line
drawn to the grand mean of all the observationsidden limits are included above and
below the grand mean. Any sample means that faflide the limits may be declared to be
significantly different than the grand mean. Theerage value of runoff for LUl is
significantly lower than the over all mean runofftbis year for all land use types. While the
average value of LU5 is significantly higher thdue tover all mean. The average values of
LU2, LU3 and LU4 are within the grand average afafi for this year.
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Figure 4.3. Analysis of means plot of runoff untter different land use type for the year
2003-2004.

The analysis of variance of the runoff data foreassg statistical significance of the effect of
different land use type for the year 2004-2005gawven in Figure 4.4 . The average of runoff
per rainfall event is 0.72 mm forLU1, 1.3 mm for 2UL.55 mm for LU3, 1.1 mm for LU4
and 2.4 mm for LU5. The analysis of variance intica similar trend as that of the year
2003-2004. So the value of LU1, LU2, LU3 and LU4 aignificantly different than the value
under the LU5 at P-Values 0.05. Also the value bfLLis significantly different from the
value of LU3 at P-Values 0.05 but the value of Lig3hot significantly different from those
for LU2 and LUA4.

The analysis of means plot Figure 4.5 for the y&4-2005 also similar to that of the year
2003-2004, where the average value of runoff fod LisJsignificantly lower than the over all
mean runoff . As well as the average value of LBSignificantly higher than the over all
mean. The average values of LU2, LU3 and LU4 atkiwithe grand average of runoff for

this year
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Figure 4.4. Analysis of variance of runoff undeg thifferent land use type for the year
2004-2005 (Means and 95% LSD intervals).
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Figure 4.5. Analysis of means plot of runoff unttes different land use type for the year

2004-2005.

The analysis of variance of runoff data for assegsignificance of the effect of different

years for each land use types are shown in Table3ince the ratio of variance interval does

not contain the value 1, and the P-value is leas thO5, for runoff values under LU1, LU2,
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LU3 and LU4 for the two rainy seasons, there isasistically significant difference between
the standard deviations of these land use typd#®ead5% confidence level. While the runoff
values with LU5S are significantly different.

Table 4.7. Analysis of variance of different yearsunoff under land use types.
Runoff (mm)

Year LU1 LU2 LU3 LU4 LUS
2003-2004 0,28 0,58 0,79 0,49 1,30
2004-2009 0,72 1,30 1,55 1,10 2,4

Ratio of | (0,131691;| (0,215714;| (0,238709;| (0,173434;| (0,281647,
Variances| 0,50731) | 0,830987)| 0,91957) | 0,668113)| 1,08498)

F test valug 0,26 0,42 0,47 0,34 0,56
P-value 0,00009 0,012 0,027 0,0017 0,085

The results indicate that the runoff value is tighést for LU5 followed by LU3, LU2, LU4
and LU1. The runoff value for LU5 is more than artd 2.2 of the values of LU1, and LU4
respectively.LU2 and LU4 tend to have a similaueabf runoff. While the LU3 has a value
in the middle of those for LU1 and LU5. The lowedwe of runoff under LU1 is properly due
the higher value of the soil hydraulic conductiyityfiltration characteristics, and lower value
of the bulk density of the soil under this land @sehas been shown in the analysis of soil
properties. In addition to the higher vegetatiomezawill intercept and lower the velocity and
power of the rain drops. As well as the lower aatiemnt moisture content of soil under these
land use, due the more water uptake by the plamichMead to increase in the infiltration
capabilities of the soil and lower the runoff untlés land use type.

Terraced plot under LU4 were more effective in i@dg runoff than vegetation cover under
LU2 and LU3. The difference in runoff under LU4 aod5 is mainly to the support practices
represented by the terraces protection structuveruSoff under different land use type is
attributed to the vegetation cover of each land ee# hydraulic and infiltration properties,

bulk density, and also to the support practicegm@acing.

4.6 Effect of land use on erosion

Summary of the erosion data under the five landtyse during the two years are given in
Table 4.8. The data show the ability of land usdase to generate erosion varies with land
use types. From the 41 rainfall events monitorethduhe 2003-2004 rainy seasons, 36% of
the events generated erosion under LU1 and LU43886, 46%, 51% under LU2, LU3 and

LU5S respectively. From 32 rainfall events monitoried 2004-2005 rainy season, 50 %
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generated erosion for LU1, 53% under LU2 and LUdd &9% under LU3 and LU5
respectively. The average value of erosion perfakhiavent is 1.28 kg/ha for LU1, 6.9 kg/ha
for LU2, 11.51 kg/ha for LU3, 2.96 kg/ha for LU4dhA1.19 kg/ha for LUS for the year 2003-
2004. Whereas the average value of erosion pefatagvent for the year 2004-2005 is 4.2
kg/ha for LU1, 15.96 kg/ha for LU2, 24.1 kg/ha 1dg3, 6.65 kg/ha for LU4 and 50.6 kg/ha
for LUS

The average, maximum and total values of erosioralioland use types in the year 2004-
2005 are considerably higher than those respettitand use types in the year 2003-2004
rainy season. This was mainly due to the lowerfaflidepth and runoff occurred in the rainy
season of 2003-2004 in respect to that of 2004-200te erosion data under the five land use
types were non-normally distributed; therefore sfarmation has been performed using the
Cube root of the erosion value to provide a symicetdistribution data. As well to decrees
the difference of the standard deviations to béiwithe range of 1-3, as pre requirement for
the analysis of variance and standard deviationpesison.

Table 4 .8. Summary of the erosion under the &imd use during the two years.

Year/ Land Use Types | LU1|] LUZ LU3 LU4|  LUS
2003/ 2004
No. of rain fall events 41 41 41 41 41
No. of events generated soil loss 15 16 19 15 21
% of events generated soil loss 36 39 46 36 51
Min. soil loss (kg/ha) 0 0 0 0 0
Max. soil loss (kg/ha) 7 58 82 17 125
Avrg. soil loss (kg/ha) 1,28 6,90 | 11,51 2,96 21,19
Total soil loss (kg/ha) 52.5 283 472 121.6 869
2004/ 225
No. of rain fall events 32 32 32 32 32
No. of events generated soil loss 16 17 19 17 19
% of events generated soil loss 50 53 59 53 59
Min. soil loss (kg/ha) 0 0 0 0 0
Max. soil loss (kg/ha) 31 120 110 45 197
Avrg. soil loss (kg/ha) 4,20 15,96 | 24,09 6,65 50,62
Total soil loss (kg/ha) 134.6 511 771 213 1620

The analysis of variance for assessing the effedarad use types on erosion for the year
2003-2004 (Figure 4.6) shows that the LU1, LU2 Bbi@ are significantly different from the
LUS at P-Values 0.05. Also the LUL is significantifferent than LU3, and the LU2, LU3
and LU4 are not significantly different from eadher. Further more LU3 is not significantly
different than LU5 at P-Values 0.05.
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Figure 4.6. Analysis of variance of erosion undher different land use type for the year 2003-
2004 (Means and 95% LSD intervals)
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Figure 4.7. Analysis of means plot of erosion uniher different land use type for the year
2003-2004.

The analysis of means plot (Figure 4.7) show @&herage value of erosion for LU1 is

significantly lower than the over all mean erosajrihis year for all land use types. While the
average value of LU5 is significantly higher thdue tover all mean. The average values of

LU2, LU3 and LU4 are within the grand average @& ¢jnand mean of r this year.
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The analysis of variance of the erosion data feessing statistical significance of the effect
of different land use type for the year 2004-200& given in Figure 4.8. The analysis of
variance indicates a similar trend as that of & \2003-2004. So the value of LU1, LU2 and
LU3 are significantly different from the LU5 at PaMies 0.05. Also the LU1 is significantly
different than LU3, and the LU2, LU3 and LU4 aret sggnificantly different from each
other. Further more LU3 is not significantly diféat than LU5 at P-Values 0.05. In the same
way the analysis of means plot (Figure 4.9) falsd similar to that of 2003-2004, where The
average value of erosion for LU1 is significantbyver than the over all mean erosion of this
year for all land use types. While the average ealfiLU5 is significantly higher than the
over all mean. The average values of LU2, LU3 abd lare within the grand average of the

grand mean of r this year.

Mean soil loss kg/ha

05F .

Lul LU2 LU3 LU4 LUS
Land use

Figure 4.8. Analysis of variance of erosion undher different land use type for the year 2004-
2005 (Means and 95% LSD intervals)
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Figure 4.9. Analysis of means plot of erosion uniher different land use type for the year
2004-2005.

The analysis of variance of erosion data for assgssignificance of the effect of different
years under each land use types are shown in Ba®leSince the ratio of variance interval
contain the value 1, and the P-value is greater €h@5, for erosion values under LU2, LU3,
LU4 and LU5 for the two rainy seasons, there isasistically significant difference between
the standard deviations of the land use typesea®896 confidence level. While the erosion

values with LU1 are significantly different.

Table 4.9. Analysis of variance of different yesrgrosion under each land use types.

Erosion (kg/ha)

Year LU1 LU2 LU3 LU4 LUS
2003-2004 0,53 0,95 1,24 0,71 1,61
2004-2005 0,95 1,53 1,95 1,17 2,51

Ratio  of (0,177832;| (0,326057; (0,361233; (0,34348; | (0,316437;
Variances | 0,625322)| 1,25606) | 1,39157) | 1,32318) 1,219)
F testvalud 0,33 0,64 0,71 0,68 0,63
P-value 0,0007 0,19 0,32 0,25 0,16
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The results indicate that the erosion value ishilgaest for LU5 followed by LU3, LU2, LU4
and LU1. The runoff value for LU5 is more than 13@r& 7.5 of the values of LU1, and LU4
respectively. The low eroded materials under theesioLU1 is attributed to the stable
aggregate, highest value of hydraulic and infilmatcharacteristics of the soil and to the
dense vegetation cover. Many studies have confirthatlin a wide range of environments
both runoff and sediment loss decrease expongntallthe percentage of vegetation cover
increases (Francis and Thomes, 1990). While thereihce between LU4 and LU5 is mainly
due the terraces structures that prevent the soiement away from the field which is
present in LU4. Which indicate that the terracirggiice played a very important role in
protecting the soil from soil loss. The variationrunoff and sediment yields is attributed to
the vegetation cover and land use management chéNg&/son, 1985; Bryan and Campbell,
1986). Abu Hammad et al., 2005, showed the sicpnifi positive reduction of soil erosion
under the terracing structure under the wheat fielidhe Palestinian territories. The terracing
structure under LU4 generates less erosion thawalategetation under LU2 without any
support practices. This mainly due to the loweretation cover at the beginning of the rainy
season under the natural vegetation. The low eed lnder LU2 compared to LU3 may be
attributed to the high organic matter under LU2 amate stable aggregate as has been shown
in the soil properties analysis, where the organatter play as a cementing agent on soil
aggregate stability, and reduce the slacking ofegage from the kinetic energy of the rain
drop.

The difference of run off and soil erosion untler different land use type is probably due to
the difference in soil physical and hydraulic pnd@s, % of land cover and absence or
presence of the support practices like terracingcgires. The result clearly show that under
the absence or low vegetation cover as in vinedsyand olive orchard, that the terracing
structure could be very highly significant in rethgsthe runoff and consequently the soil
erosion and improve the soil organic materials flmeing deteriorate and lost .

Most rainfall and runoff events occurred in theipeifrom late October to early march in this
region of the world. Whereas the soils cultivatathwine are almost bare, or the vegetation
cover is not sufficient to protect the soil fromindrop impact. Therefore greater rates of
runoff and sediment loss is expected in centrdb hilltivated with perennial crops that
require frequent removal of annual vegetation (weewlrol) such as vines and olives, etc.
creating favourable conditions for overland flowdasoil erosion. Hence the land under
cropping needs additional soil conservation meastoeeduce runoff and erosion. The soil

should be covered by the vegetation by not remothegwveeds and adding mulch during the
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rainy period and implementing the terracing streetuAlso increasing the porosity of the soil
and improving the soil structure, this could beiegkd by increasing the organic matter
content of the soil, which improve the resistilyilaf the soil to erosion and increase water
retention of the soil (Rose et. Al., 1997)

4.7 Interaction between runoff -erosion and potential ause factors

4.7.1 Correlation matrix

Correlation matrix analysis was undertaken to engotbe direction, strength and significance
of relationship between runoff, soil erosion an@ thotential variables that expected to
contribute to the runoff and soil erosion phenomére most commonly-used measure of
correlation is Pearson's r. Pearson's r assumds tlilea data follow bivariate normal
distribution (Helsel and Hirsch, 1992. pp. 218).eTborrelation is high if it is can be
approximated by a straight line (sloped upward mxmwvard). This line called the regression
line or least squares line. Initially, 24 variablesre selected for the bivariate correlation
analysis. The cube root of the entire variable lesn used, since some of the variables are
not normally distributed. Table 4.10 shows the elation between the runoff, soil erosion
and the possible influential indicators.

Runoff is show positive linear correlation with eveainfall depth, event duration, maximum
130 intensity, maximum 130 KE and soil erosion. Tdwrelation between the runoff and the
events rainfall intensity is relatively low, duettee fact the study area is characterized by low
intensity of rainstorm in general as has been shtiwenanalysis of rainfall in chapter IIl.
Therefore the correlation between runoff generaaod rainfall depth and storm duration
were higher than the runoff correlation with ralhfatensity. This indicates the runoff is
generally related to the total amount and duratibthe storm. The runoff also shows a fairly
negative correlation with slope, slope length, vatien cover and support practices, where
these main factors of soil erosion generation, &s lbeen shown in the Literature review,
chapter I. The negative correlation of runoff wiliese factors, demonstrate that the decrease
in vegetative cover and support practices and asaen slope and slope length will increase
the amount of runoff.

The soil erosion shows a strong and significanttiescorrelation with runoff, rainfall event
depth, rainfall event duration. It also show a pesicorrelation with maximum 130 intensity,
maximum 130 KE. Also the erosion demonstrates iarfagative correlation with slope, slope

length, vegetation, and support practices. Theetation between erosion and runoff is better

83

© 2007 Tous droits réservés. http://www.univ-lille1.fr/bustl



Thése d'lssa Albaradeyia, Lille 1, 2007
Chapter Four Analysis of Soil Erosion

than others parameters, which mean that the erasiomore dependent on the amount of
runoff generated.

Table 4.10. Correlation Matrix of runoff and soiosion and selected influential cause

parameters.
No. parameter Runoff Soil Erosion
1 Event depth 0.87 0.84
2 Event duration 0.82 0.79
3 Intensity 0.36 0.34
4 Max.130 intensity 0.76 0.74
5 Event KE 0.35 0.32
6 I30KE 0.71 0.69
7 0o 0.22 0.20
8 Runoff 1 0.96
9 Soil erosion 0.96 1
10 Slope -0.32 -0.37
11 Slope length -0.34 -0.39
12 Vegetation% -0.38 -0.40
13 Aggr% <0.5 0.14 0.25
14 Clay -0.16 -0.3
15 |y 0.15 0.21
16 | 0 -0.15 -0.20
17 OM -0.18 -0.21
18 Ks -0.16 -0.23
19 lin -0.15 -0.21
20 ls -0.14 -0.21
21 Support practices -0.40 -0.45
22 Kr 0.15 0.24
23 Ki 0.13 0.18
24 Shear Stress -0.19 -0.24

Cube root used for all variables listed above gifgicant correlation at p<0.05)

4.7.2 Rainfall-runoff relationships

The relationships between rainfall and runoff axpressed by the runoff coefficient. Runoff
coefficient defined as a percentage of precipitatreeasured as surface runoff. Exploring the
relationships between rainfall and runoffy{lR), considered very important in selecting the
best management practices. The cube root of thables has been used for analysis of
variance. Table 4.11 show the summary statisticeuobff to rainfall ration for both rainy
seasons. The highest maximum values were obsermddr ULU5, and the lowest were

observed under LUL1 for both years.
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Table 4.11. Runoff to rainfall ratio (AR;) % under the five land use during the two years.

Year/ Land Use Types | U1l vz Lug LU4| LU
2003/ 2004

Min. (Ro/Ry) 0 0 0 0 0
Max. (Ry/Ry) 7,7 13,2 | 23 12,8 | 333
Avrg. (Ry/Ry) 1,48 | 3,03 | 46 2,75 | 7,68
2004/ 225

Min. (Ro/Ry) 0 0 0 0 0
Max. (Ry/Ry) 10 29 26 22 40
Avrg. (Ry/Ry) 2,73 | 536 | 651 | 445 | 10,27

The analysis of means plot (Figure 4.10) for 2008€show that the average value of/[R)

for LUL is significantly different to that of thell3 and LU5 and non significant than those
for the LU2 and LU4. The average of value of/fR) for LU5 is significantly higher than the
over all mean. The analysis of mean plot (Figudd ¥for 2004-2005 of the average values of
(Ro/R¢), demonstrate a similar trend as that of the y@&&204.
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Figure 4.10. Analysis of means plot ofo(R;) % under the different land use type for the
year 2003-2004.

85

© 2007 Tous droits réservés. http://www.univ-lille1.fr/bustl



Thése d'lssa Albaradeyia, Lille 1, 2007

Chapter Four Analysis of Soil Erosion

26F -
UDL=2,42
S CL=1,75
9 2,2 I =
© LDL=1,08
—
T 18+ T ]
(@)
z |
§ 1,4 :
E )
[u]
1 - -
LUL LU2 LU3 LU4 LU5
Land use

Figure 4.11. Analysis of means plot ofo(Ry) under the different land use type for the year
2004-2005.

The analysis of variance for assessing the diffaxrdretween (RRy) values for each land use
under the two years is given in Table 4.12. Theltesdicates that the ratio is significantly
different between the two years for all the lan@ wgpes. The reason of the difference

between the two years is the total rainfall depthich was higher for the year2004-2005.

Table 4.12. The analyses of variance of (RO/Rfpratr each land us of the two years.

(Ro/Ry) ratio %

Year LU1 LU2 LU3 LU4 LU5
2003-2004 0,714818 | 1,05583 | 1,4300F | 0,984294 | 1,96564
2004-2005 1,18633 | 1,62253 | 1,91553 | 1,4961° 2,51158
Ftestvalul 0,729229| 0,694784 0,911924 0,796847  0,956582
P-value | 0,344577] 0,276524 0,775366  0,494493  0,8B493

* Means followed by the same letter in the sameimol are not significantly different.

4.7.3 Regression analysis
Based on the strong correlation between runofframdall depth, and soil erosion and runoff,

simple regression for these two sets applied. THssperformed to extract the threshold value
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of rainfall depth that will result in no runoff, drihe threshold value of runoff that will result
in no soil erosion under the different land useety@nd to examine the strength of those
relationships.
Linear regression model has been found suitablefifiang the relation between rainfall,
runoff and erosion data. The model for simple Iimegression is:

Y=a+bX+e
Where Y is the predicted value of the dependentlbe, X is the independent variable, a is
the intercept, b is the coefficient estimated bg thgression equation or the slope of the
regression line and it can be interpreted as tteeafachanges of the dependent variables due
to change of the independent variable and e israhdom error. The performance of the
model fit is evaluated by computing the coefficiefitdetermination (B and standard error
of estimate §). The greater the value of Rind the smaller the value of the better the
relation between the variables involved. The cutx® of the variables has been utilized in

performing the test.

4.7.3.1 Linear regression between runoff and rainfadepth

The regression model between the rainfall depththadunoff under the different land use
types for the year 2003-2004 are given in Tabl84The fit were good with R0.75 for LU1,
0.77 for LU2, 0.79 for LU3, 0.74 for LU4 and 0.8% 1L.US5.

Table 4.13. Regression fits for the rainfall defpt}) vs. runoff (y) for the year 2003-2004.

Land use types Regression equations R o
LUl y=-1,1108 + 0,546148;x 0.75 0,22
LU2 y =-1,4174 + 0,70431;x 0.77 0,26
LU3 y=-1,2679 + 0,761421;X 0.79 0,27
LU4 y =-1,3532 + 0,662574;x 0.74 0,27
LUS y =-1,3463 + 0,884581; x 0.83 0,28

The regression equation is expected to provideasorgble prediction of the runoff .The
value of threshold rainfall depth that will resit no runoff is generally depend on the
characteristic of each land use. Based in the ssgre equation the threshold value of rainfall
depth calculated as (—a/b).The threshold valuaiofall depth for which the runoff is zero is
8.4 mm for LU1, 8.1 mm for LU2, 4.6 mm for LU3, 8®m for LU4 and 3.5 for LU5.The
threshold values of rainfall depth for zero runbéfsed on the regression fit for all land use
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types tend to be different. This indicates thathkies of runoff are much affected by the
type of land use.

As it has been shown that the runoff potentialhia area is mostly dependent on the rainfall
depth. So to understand how the rainfall depthctdfehe runoff, the runoff potential of
rainfall depth,y, is calculated from the regression equation. Hained as an increment in
rainfall depth of a storm necessary to generatetiaddl unit of runoff (1 mm) for a given
land use type. The value o¢fcalculated as the reciprocal of the slope of #ggreassion line
(b). The valuey is 6.2 mm for LU1, 2.9 mm for LU2, 2.3 mm for LU3,5 mm for LU4 and
1.5 mm for LU5. The value of for LUL is about 4 times greater than that undgbland 2.7
than that under LU3. This mean to produce an amuditil mm of runoff under LU1, the
increment in rainfall depth should be 4 times aftthnder LU5 and 2.7 times of that under
LU3.

The regression model between the rainfall depththadunoff under the different land use
types for the year 2004-2005 are given in Tabld 4The fit were good with 0.81 for LU1,
0.76 for LU2, 0.80 for LU3, 0.78 for LU4 and 0.8 fLUS5. The values of Rindicates that
the regression fits between rainfall depth and ffudata for various land use types were

almost similar compared with those of the year 20034.

Table 4.14. Regression fits for the rainfall defpd}) vs. runoff (y) for the year 2004-2005.

Land use types Regression equations “Ro

LUL y =-1,173 + 0,571405;x 0.81 ] 0,25
LU2 y =-1,35197 + 0,677813, X 0.76 | 0,33
LU3 y =-1,18185 + 0,704016, x 0.80 | 0,30
LU4 y =-1,31178 + 0,645178 x 0.78 | 0,30
LU5 y =-1,18265 + 0,788869 x 0.83 | 0,32

The threshold value of rainfall depth for which ti@off is zero is 8.6 mm for LU1, 8 mm for
LU2, 4.7 mm for LU3, 8.3 mm for LU4 and 3.3 for LUbhe valuesy is 5.3 mm for LUL,
3.2 mm for LU2, 2.8 mm for LU3, 3.7 mm for LU4 a@dnm for LU5. The threshold value
of rainfall depth and thes for the different land use type during the yeaf4£2@005 are
similar to those of year 2003-2004.
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4.7.3.2 Linear regression between erosion and rurfof

Regression fit between erosion and runoff datatlier year 2003-2004 are shown in Table
4.15. The values of R0.95 for LU1, 0.97 for LU2, 0.95 for LU3, 0.97 fatJ4 and 0.94 for
LUS. The fits generally are highly significance, et indicate that the erosion is highly
dependent on the amount of runoff generated bygitren event.

The threshold runoff value for no erosion basedemgression fit is 0.17 mm for LU1, 0.28
mm for LU2, 0.1 mm for LU3, 0.5 mm for LU4 and 0.b&m for LUS. The values are
somewhat low, and show that for all land use tygesion will start shortly after the runoff
produced. The erosion potential of runaffjs defined as an incremental runoff necessary to
generate unit amount of additional erosion (1kgtamte) for a given land use type. It is
calculated as the reciprocal of slope of the reggoasline (b). The values afis ( 0.23 mm/kg
or 235 mm/tonne) for LU1, (0.9 mm/kg or 90 mm/toner LU2, (0.075 mm/kg or 74
mm/tonne) for LU3, (0.18 mm/kg or 183 mm/tonne) 104 and (0.06 mm/kg or 63
mm/tonne) for LUS. The difference invalues for different land use type is mainly doghe
difference of soil properties and the managememtstices under each land use types.

Table4.15. Regression fits for the runoff) (xs. erosion (y), for the year 2003-2004.

Land use types Regression equations R >
LUl y =-0,910+ 1,62x 0.95 0,15
LU2 y=-1,471+ 2,23 0.97 0,21
LU3 y =-1,12+ 2,38x 0.95 0,33
LU4 y =- 1,432+ 1,76 X 0.97 0,17
LUS y=-1,38 + 2,51x 0.94 0,41

The regression fits between erosion and runoftHeryear 2004-2005 are given in Table 16.
The values of R0.92 for LU1, 0.94 for LU2, 0.95 for LU3, 0.93 fatJ4 and 0.93 for LUS.
The values were almost the similar to those inytree 2003-2004, which also support that the
erosion is highly dependent on the amount of rugefferated. Based in the regression fits the
threshold value of runoff for zero erosion is OBt for LUL, 0.7 mm for LU2, 0.4 mm for
LU3, 0.9 mm for LU4 and 0.3 mm for LU5. The valueder the different land use type is
very low, which indicate that the soil eroded as ihinoff generated.
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The erosion potential value of runoff, is (0.2 mm/kg or 196 mm/tonne) for LU1, (0.1
mm/kg or 90 mm/tonne) for LU2, (0.06 mm/kg or 68 fitomne) for LU3, (0.18 mm/kg or
183 mm/tonne) for LU4 and (0.04 mm/kg or 46 mm/@nior LUS.

Table4.16. Regression fits for the runoff) (xs. erosion (y), for the year 2004-2005.

Land use types Regression equations R o
LUl y=-1,41037 + 1,72 0.92 0,28
LU2 y =-1,9834 + 2,23 X 0.94 0,36
LU3 y=1,81+244x 0.95 0,35
LU4 y=-1,7213 + 1,76 X 0.93 0,30
LUS y=-1,89+ 2,79 x 0.93 0,59

The result show that for a given amount of incretalerunoff, the additional erosion under
LUS will be about 4 times more than that under Ldhd nearly 3.5 times more than under
LUS. This indicate that the vegetation cover angpsut practises is highly effective in
preventing the soil from being eroded. The sigiffiedence in the values between the two

years could be to the difference of total rainfepth between the two years.

4.8Conclusion

The presence of annual vegetation and plant residuethe soil surface and the terracing
structures is responsible for the reduction of ka$ to very lowalues and therefore further
degradation of the land is restricted. The restitsfirm the existence of a strong positive
relation between rainfall depth and runoff and sesdit loss for particular different kinds of
land use, and between runoff and soil loss with ghesence or absence of the support
practices as terraces in the region.

The lowest rates of runoff and sediment loss wertend under Forest grown under semi-
natural conditions, i.e. with undestroy vegetatidrannual plants, under this land use, annual
vegetation and plant residues have a high soiasartover, occasionally up to 85% of the
ground, so preventing surface sealing and minirgizire velocity of the runoff water. The
greatest rates of runoff and soil erosion were feseunder vine yard none terraced, which
possess conditions most favourable for water ruaiodf sediment loss.

The decrease in vegetation cover and increase ohane&al activities under the cultivated
land use resulted in significant decrease in thleogsganic matter, aggregate stability, and the
hydraulic conductivity and total porosity and effee porosity of the soil.
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Despite the existing variation of the collected adaattributed to different soil surface
properties, slope grade and length, there is aetedof increasing runoff and sediment loss
with decreasing vegetation cover and insufficier@vpntive, where the soil surface remains
bare and thus very susceptible to raindrop impaciff and soil erosion. The application of
suitable management practices (terraces, vegetebier and others) is essential to minimize
the erosivity of the rainfall and reduce runoff ardsion.

In conclusion when the cultivated land utilizedhvaitit the use of proper practices of securing
organic matter and soil stability, they are eadlilseatened and exposed to runoff and soll
erosion. Therefore the measure should be implerddntsustain the land and prevent them
from degradation.

Soil erosion modelling represents a very impor{zant of the soil erosion research, and in
selecting the best management practices for theesaurces. The next chapter will test some
of the modelling techniques and procedures foriptieg) the soil erosion and runoff on the
rainfall event basis in the study area. Moreovesatect the best procedure fit the study

environment, for predicting the soil erosion untler similar condition in the study region.
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5 Soil erosion modeling

5.1Introduction

Soil erosion by water represent a key threat tg ltsxm efficiency of the soil. Controlling
water erosion to preserve soil quality and to neamtand productivity is therefore a great
challenge and one of the most pressing environrhestaes. To help combat this threat, land
use managers, and soil conservation specialistl agguantitative perceptive of the problem
and how it interacts with different land use anchagement to either decreased or increased.
Soil erosion can be reduced by proper land managesred adapting best management
practices. The evaluations of different land use mm@mnagement scenarios need accurate soill
loss estimation. Field measurements of erosionsadimentation using classical techniques
is difficult, time-consuming and expensive (Bujarak, 2000). Among the available tools to
assess soil erosion, prediction models have becmpertant because adequate and reliable
models can be used to evaluate a variety of managtesgenarios without costly and lengthy
field tests. The modelling of erosion processespnagressed rapidly and a variety of models
have been developed to predict runoff, and sod (@hang et al., 1996).

The Water Erosion Prediction Project (WEPP, Nep@t al.,, 1989), very well validated
erosion prediction model and one of the most w@tilizools for simulating runoff and soil
water erosion (Merrit et al., 2003). WEPP is a psszbased continuous simulation model and
is gaining popularity worldwide for the use of statf-the art technology. The Atrtificial
Neural Network (ANN) is an emerging modelling tejue that may be very well suited for
soil erosion prediction in the study area. The AN&chnique is now being applied
successfully to a wide range of application in emwmental and planning fields.

It is essential to evaluate soil erosion predictrandels before their application. In this
chapter we evaluated the suitability and efficierafythe WEPP and ANN modelling
techniques in simulating runoff, and water erosimer the different land use in the central
highland mountains in the Palestinian territorigisst approximation of ability of the WEPP
and ANN models for simulating soil loss and rungaif the study region is presented.
Predicted soil loss and runoff values were compavit the measured soil loss and runoff

values. Models were evaluated on the basis of iddal rainfall events.
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5.2 Validation of the hillslope WEPP model

5.2.1Model description and mechanism:

WEPP software consists of an erosion prediction ehod climate generator program
(CLIGEN) written in the FORTRAN programming langeagand a Windows interface
written in the Visual C++ programming language (fgan and Frankenberger 2002). The
main Windows interface screen shows a graphicastilation of a hillslope profile, with
various areas providing access to input databas#euatput display (Figure 5.1). The profile
shape is drawn based upon the model slope inptishwan be accessed through the middle
layer on the graphic. Soil information can be asedsthrough the bottom layer on the
graphic, and the cropping/management informatiooudph the top profile layer. Climate
inputs can be selected or generated through the atdhe top centre of the screen. The
horizontal profile length dimensions are providédha& bottom of the screen in either English
or metric units.

The major inputs entered into WEPP are specifiddun data files: climate, slope, soil, and
plant management. The climate file requires dagljugs for precipitation, maximum and
minimum temperature and solar radiation. The sfdpgrovides the topographic input to the
model, including the length and gradient of théslope. The soil file contains information on
the physical characteristics of the surface sod aail layers. The surface soil parameters
required are the effective hydraulic conductiviiiyterrill erodibility (sheet erosion mostly
caused by raindrop impact), rill erodibility (smaloded channels), critical shear stress (rill
detachment threshold factor), and albedo (fractibrsolar radiation reflected back to the
atmosphere). For each soil layer, the inputs reduare cation exchange capacity (CEC) and
the percentages of sand, clay, organic matter, rankl fragments. The management file
contains information needed to define managemethtpgamt growth factors, such as tillage,
biomass energy ratio, and decomposition rate artt, more than 50 parameters, is the most
complex input file.

For each day that has a precipitation event, WEEBrihines whether the event is rain or
snow and calculates the infiltration and runoffthiére is runoff, WEPP routes the runoff over
the surface and calculates erosion and deposti@s for the event, and the average sediment
yield that is delivered from the surface. Soil lossdiment deposition, and sediment yield

(off-site delivery) are calculated for each rune¥ent and added to a series of sum totals.
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Figure 5.1 WEPP Windows Interface.

5.22 Input data for the model

WEPP developed to overcome spatial and temporaaliion of many previous models like
USLE and EPIC. It is essential to evaluate soilsieno prediction models before their
application. In this section the WEPP is used fimugating soil loss and testing the capability
of the models in predicting soil losses form singterm rainfall events under the five
different land use types in the Palestinian Certtighland mountainous area. The land use
types considered are forest (LU1), natural vegata(L U2), Olive groove (LU3), vine yard
terraced (LU4) and vine yard non-terraced (LU5S).

Data collected from the study area used to cortstitue climate files for single event
simulations of WEPP. Amount and duration of railpfedaximum and minimum temperature,
solar radiation, wind velocity and dew temperatane required on a daily basis. Two years of
actual data were applied in the simulations. Syl file and slope file were also prepared
using graphical user interface included in the rhddedel parameters such as organic matter
content, percentage clay, percentage silt, pergergand, and percentage rock fragment were
obtained from the soil analysis data and also ftbensoil data base prepared by the Land
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Research Centre (LRC, 2002, unpublished).The esadifective hydraulic conductivity,

interrill erodibility parameter, rill erodibility grameter, and critical flow hydraulic shear
stress values for WEPP were estimated as desdnbibé WEPP user manual (Anonymous,
1995).Management input files were built for the felént land use types from the
management data and information obtained from thdysarea. Due to the lack of some
information about the land use data required tggme the management file, a suitable
management data from the WEPP database and usaraimanonymous, 1995) that

matched the adopted land use condition were used.

5.23 Evaluation criteria

After the input files had been prepared, runoff @od loss were simulated for all rainfall
events in 2003-2005 for the different land use sygéne models were evaluated by fitting
regression equations between the predicted vahok$he observed values. The goodness
of fit of the equations to the data is evaluatednirthe values of coefficient of
determination and the standard error of estimate. greater the values of Rhe better
will be the fit of the data to the equations, ahed tloser the simulated values to observed
values. Also the slope of the regression equatjbhsloses to unity means unbiased the
prediction. When the slope values <1, they indiecatder prediction, and when the slope
is>1, they indicate over predictiorQuantitatvely to test the model performance and
efficiency, and to find whether there are statahc significant differences between the
observed and predicted values. The analysis obnegi was performed by comparing the
Standard Deviations of the observed and prediceddeg under each land use types. Of
particular interest of this test is the confidemuterval for the ratio of the variances. If the
ratio of variances does not contain the value éreths a statistically significant difference

between the standard deviations of the two sangtlde 95% confidence level.

5.24 WEPRP results

Runoff

The plot of the observed and predicted soil lodsesacomputed using th&/EPPmodel
for all land use types are shown in Figure 32 WEPP Hillslope model simulated fewer
runoff events than measured for all land use tyghggng 2003—-2005. In particular, runoff
values were underestimated by the WEPP model awrshy the slope values of the
regression equations (Table 5.1) and small runaéhts (<2 mm) were mostly missed. This
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type of model response was also observed by SaloDaraz-Fierros (1998) were runoff

events (<1 mm) were simulated with no runoff, adGrgnsten and Lundekvam were
small runoff events (<5 mm) were mostly mis42@06). The WEPP model simulated less
surface runoff than measured for all land use tygé&sble 5.2). Association between
measured and simulated runoff was best under LIith, 30% of measured surface runoff(R

= 0.67). Simulated surface runoff for the otherrfand use types, LU1, LU2, LU3 and LU4

was 10, 34, 38 and 30% respectively, of measur&gesaTesting the statistically difference
between the observed and predicted values showstiteee is a significance difference
between observed and predicted values for all laswl types as indicated by the ratio of
variances (Table 5.1). Since the ratio of variardese not contain the value of 1, this signify

that the predicted values are not within the rasfggbserved values.
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Figure 5.2. Observed vs.WEPP Predicted runoff utidefive land use types
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Table 5.1 Summary statistics of the WEPP modebasitn for runoff according to the land

use types.
Statistics LU1 LU2 LU3 LU4 LU5
R2 0.45 0.67 0.53 0.57 0.67
o 0,146666 0,409234 0,54 0,374029 0,737677
b 0,195736 0,468384 0,459995 0,428771 0,511398
Ratio of [7,38851; | [1,93524; | [1,32119; | [1,94334; | [1,41328;
variances | 18,7505] 4,91121] 4,80471] 4,93177] 4,7468]

Table 5.2 Measured,{ and simulatedd] total runoff (R) and soil loss (SL) for the period

2003-2005

Land use| Rom(mm) | Rog(mm) Rod SLu(kg/ha) | Slg(kg/ha) Sly/
types Rom(mm) SL m(kg/ha)
LU1 34.6 3.4 0.10 187.1 36 0.20
LU2 65.9 22.3 0.34 794 268 0.34
LU3 82.5 31 0.38 1283 465 0.37
LU4 55.7 16.8 0.30 334.6 83 0.25
LU5 130.2 65.6 0.50 2489 1143 0.46

Soil loss

The WEPP Hillslope model underpredicted runoff, @oetsequently, soil loss for the five
land use types. Soil loss was underestimated asrsbhyg the slope values of the regression
equations (Table 5.3) and, in some cases, the numepletely failed to predict soil loss,
predicting values equal to 0 (Figure 5.2). Thisetypy model response was also observed by
Bowen et al. (1998), Bhuyan et al. (2002), Chikrg2004) and Romero Ledn (2005). The
WEPP model simulated less soil loss than measwedlf land use types, (Table 5.2).
Association between measured and simulated sasl Wess best under LU5, with 46% of
measured total soil loss ¥R 0.75). Simulated soil loss for the other fourdaise types, LU1,
LU2, LU3 and LU4 was 20, 34, 37 and 25% respectivef measured values. Testing the
statistically difference between the observed aretipted values shows that there is a
significance difference between observed and predliwalues fro all land use types as
indicated by the ratio of variances (Table 5.3phc8ithe ratio of variances dose not contain
the value of 1, this signify that the predictedues ate not within the range of observed

values.
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Figure 5.3 observed vs. WEPP predicted soil loskeuthe five land use types.

Table 5.3 Summary statistics of the WEPP modetasin for soil loss according to the land

use types.
Statistics LU1 LU2 LU3 LU4 LUS

R2 0.62 0.59 0.59 0.66 0.75

o 1,41584 6,71316 9,55895 1,95342 12,7812

b 0,341972 0,345612 0,472434 0,371057 0,487796

Ratio of [3,3586; [2,46406; [1,37927; [3,05035; [1,98794;
Variances 8,52341] 10,1017] 5,10637] 7,74113] 5,04496]
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Due to variability and uncertainty of erosion dataler field conditions, an error in model
predictionup to 50% has been considered acceptable by some resea(dngarietal.,
1993) At best, any predicted runoff or erosion valueamy model, will be within only plus
or minus 50 percent of the true value (Elliot et28l00). The failure in predicting the soil loss
and runoff under the studied condition could beh® reason that of the model are mostly
dependent on the high rainfall intensity. AccordtogRisse et al. (1994), some studies have
indicated that events comprising long periods ofv loitensity rainfall could lead to
redistribution of the wetting profile (due to thatare of the modified Green—Ampt equation)
present in the WEPP model, and therefore, coulcoéributing to underestimation of runoff
for larger events. As it has been shown in the@iptes chapters, that high intensity rainfall is
almost absence in the study area and in this paheoworld. Therefore surface runoff and
erosion were mostly due to low-intensity rainfalttwlong duration and high rainfall depth.

In general, the WEPP Hillslope model simulated femmoff events than measured on under
the five land use types. Hence, the WEPP Hillslowelel did not give satisfactory estimates

of surface runoff and soil loss in the study area.

5.3 Validation of the artificial neural network (ANN)

5.3.1ANN description and mechanism

An artificial neural network (ANN) is a biologicalinspired computational system that relies
on the collective behaviour of a large nhumber afcpssing elements (called neurons), which
are interconnected in some information-passingngmstt(Hassan, 2001). The basic idea of an
ANN is that the network learns from the input datel the associated output data, which is
commonly known as the generalization ability of &¢N. Multilayer Perceptrons is perhaps
the most popular network architecture in use today.develop and train a NN involve,
choosing a training set that contains input—oupaits; defining a suitable network (number
of layers and number of neurons in each layerinitrg the network to relate the inputs to the
corresponding outputs by estimating the NN weigats} testing the identified NN. Typically
the data available for NN calibration is split mée parts, one for training, one for testing and

one for validation.

As shown in Fig. 5.4, three-layered feed forwardralenetworks with one hidden layer,
which have been used in this research for the gtiedi of water runoff and soil loss, provide
a general framework for representing nonlinear fienal mapping between a set of input and

output variables. The explicit expression for atpativalue of network model is given by:
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S\/k = f o(éwkj * f h(lzljl Wji Xi + Wjo)+ Wko)

wherew; is a weight in the hidden layer connecting teneuron in the input layer and the
jth neuron in the hidden layew, is the bias for thg¢th hidden neuronf, is the activation
function of the hidden neurom; is a weight in the output layer connecting ftieneuron in
the hidden layer and thigh neuron in the output layewy, is the bias for théth output
neuron, and, is the activation function for the output neuroheTweights are different in the
hidden and output layer, and their values can ng@bd during the process of network

training.

Because there are no physical rules between ingnudsoutputs in designing ANNs, the
relationship of the available input variables amdpat variables is generated by the training
process. In this study, the process of training ANS&laccomplished by a backpropagation
algorithm, as shown in Fig. 5.4. The weights argistdd so as to make the actual response
(yx) of the network closer to the desired responge The objective of the backpropagation
training process is to adjust the weights of thievoek to minimize the sum of square errors
of the network as seen in the next equation, whisproximates the model outputs to the
target values with a selected error goal.

=)=23 Iy, 0)-9,0]

whereyy(n) is the desired target responses és\pkds the actual response of the network for the

kth neuron at thaeth iteration. The cyclic process of feed forward @nror back propagation

are repeated until the verification error is minirflau et al., 2003).
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Fig (5.4): Typical three layered feed forward néumatworks with a back propagation

training algorithm

Each hidden node (j) receives signals from evepytimode (i) which carries scaled values
( Xi ) of an input variable where various input varighhave different measurement units and
span different ranges. is expressed as:

< - X i- X min()
T Xmax) — X minG)

Each signal comes via a connection that has a w@rngl). The net integral incoming signals
to a receiving hidden node (Nets the weighted sum of the entering signails, and the
corresponding weights, yWplus a constant reflecting the node thresholdevél'H):

Netj:Zn“ZWij'i'THj
i=1
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The net incoming signals of a hidden node (Nsttransformed to an output ;{Grom the
hidden node by using a non-linear transfer func{rof sigmoid type ( Najjar and Zhang,

200), given by the following equation form:

1
Oj = f (Net) = Wj—
This function then turns this number into a realpati via some algorithm. This algorithm
takes the input and turns it into a zero or onejraus one or one, or some other number.

Qj passes as a signal to the output node (k). €hemtering signals of an output node (Net

n
Net k = Z OjW k + TH «
i=1

The net incoming signals of an output node (Netk) teansformed using the sigmoid type
function (figure 5.5) to a standardized or scaletpot (o« ) that is:

1

Ok = f (Netk) = ——

1+e

Then, O« is de-scaled to produce the target output:

Ok = 5k(0 max(k) — Omink) ) + O mink)

Cutput value
1 L

n.=r

Transfer function =
1/C01+Exp[—-=sum])

Input value

0.3 1

Figure 5.5 Sigmoid transfer functions
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The neurons in a layer share the same input argubabnnections, but do not interconnect
among themselves. Each layer performs specifictimme. All the nodes within a layer act
synchronously, meaning at any point of time thely e at the same stage of processing.

5.3.2 ANN program

The analysis accomplished by using the TR-SEQZiaati neural network programme,
developed by Professor Yacoub Najjar from KansadeStniversity-USA (Najjar, 1999).
The program capable of performing simultaneous eetigpl training and testing. It is a
comprehensive, powerful and less time consumindgme and characterized by intelligent
problem solver that can guide step by step thraoilnghprocedure of creating a verity of
different networks and choosing the network witle thest performance (Eila, 2005).The
program use Multilayer Preceptrons (MLPs) netwadh#decture with back propagation feed
forward algorithm for training the network. The aas specified in two files, the SPEC.dat
file which is used for data description and speation and configuration of the network. The
second file is the STP.dat, and it is used to etiterintended data and utilized for the
executing the training and testing phases of tinaor& development.

Running the program include three phases trainggiing and validation. Training is carried
out on part of the data with aim to determine tbanection parameters and the optimal
number of hidden nodes of the network using thémopéation technique. Testing phase is
performed with the optimal number of the hiddene®wdnd connection weights determined
in the testing phase on the second part of the watdeck the network determined at the
training phase. The validation phase is carried foutbuilding the model using a cross
verification technique to generalize and valid&ie metwork performance against the third set
of data, which has not been used in the trainirtytasting processes at all. In our work the is
divided into parts as follow, 50% for training, 25&6 testing and 25% for validation.

The program produces the following files: Resutt.ddoich contains both observed and
predicted values of the desired output for trainamgl testing phases. The trisht.out file
include history information and it provide the statal measurement (R2, ASE and MARE),
of the performance of the network for training aedting. The trentl.net file contains the

connection weights between the neurons.

5.3.3 Evaluation criteria
Building the ANN model requires a clear definitiohthe criteria by which the performance

of the model will be judged, as they can have ai@ant impact on the model architecture
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and weight optimization techniques selected (Maed Dandy, 2000). Coefficient of
determination (R-square), Average Squared ErrorE)A&1d the Mean Absolute Relative
Error (MARE) on both training and testing data setsused to select the most promising
optimal networks. The optimal ANN model’s stru@uhat resulted in minimum error and
maximum efficiency during both training and testings selected for validation. The values
of both ASE and MERE close to zero indicate a bgtegforming model. The values of R
range from O to 1, with higher values close to #liagating better model performance.
Graphical representation also used for plotting, pinedicted and actual outputs values for
training, testing and validation sets for the seléanost promising networks. To check the
significance of the selected models, the analysisanance testing the standard deviation of
the observed versus predicted values performedpdadicular interest of this test is the
confidence interval for the ratio of the variandéshe ratio of variances does not contain the
value 1, there is a statistically significant diface between the standard deviations of the

two samples at the 95% confidence level.

5.3.4 Network development

In this section we developed two types of networkgpe one is Global networks and it
considered the whole data set from the five laretypes, and type two is Individuals and it
considered each land use types individually. Urtglee one three networks were developed:
NET1 consider predicting both runoff and erosiorET® predict runoff only and NET3
predict erosion only. Input file for NET1 consistetl 365 rainfall events values and of 10
input parameters including: rainfall event deptiverdg duration, maximum 30 minute
intensity, incident soil moisture, slope, slopegtm support practices, maximum 30 minute
intensity kinetic energy, vegetation cover and maxn daily temperature. Input file for
NET2 were developed with the first 9 parametersciwhias been already considered for
NET1 and excluding the maximum daily temperaturee Thput parameters for NET3 were
the same 10 parameters used for developing the NEXdept that the maximum daily
temperature was replaced by the average daily speed.

Input file for each individual land use type desdrfor simulation both the runoff and sail
loss, consisted of a small number of data set @ifall events). The number of input
parameter used for developing the network for dand use type was only 6 for NETLU1
and NETLU3, as we did not take in to consideratsbope steepness, slope length, and

vegetation cover, which is mainly constant for théwo land use. In the other hand the
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number of input parameters for developing the netvier NETLU2, NETLU4 and NETLUS
were 7, as we considered the vegetation coverestnis changeable with the period of the
rainy season under these land use. All the rairfedints were considered either they are
yielding runoff and soil loss or not in trainingetmetwork, in to train the network with an
ideal situation.

The main soil erosion factor which has been meeticthrough out the literature has been the
basis for developing the soil loss and runoff nekso Input parameters were carefully
studied and effect of additional parameters that @nsidered very important by WEEP
model were investigated (Table5 .4). The maximuilydamperature has shown a positive
contribution to the performance of NET1. The averagily wind speed also contributed
positively to the performance of NET3. Introductioiithe other variables did not result in the
improvement of the networks estimation, and in fwne of the parameters were negatively
contributing to the network results.

Table 5.4 Effect of some of the parameters consaiby WEPP in ANN networks

COMINATION NET1 | NET2 | NET3
NETs with the 9 81 87 88
Parameters

Clay% 78 87 88
Bulk density 81 86 87
Total Porosity 78 87 88
OM% 78 85 88
H. conductivity 78 84 88
Max. Temperature| 87 83 87
Min. Temperature | 82 85 84
Avg. Wind speed 82 85 90
Kr 78 84 88
Ki 80 87 87

Sensitivity analysis was carried out to deterntireeeffect some of the additional parameters,
in addition to the classical soil loss factors tai@ normally considered on the performance of
the NETs. Kinetic energy of the maximum 30 minutéensity was the most influential
parameter that contributes to the performance lothal networks. As an example of the
analysis, Table.5.5 show the result of analysisNET1, that the maximum 30 minute
Kinetic energy is the most influential parameteddloived by incident soil moisture,

Maximum 30 minute intensity, maximum daily temparatand rainfall event duration.
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Table 5.5 Significance of the selected parameteithe NET1 performance

Input R testing | ASE testing
NET1 87 0.004482
NET1 —Max I30KE 72 0.000024
NET1 — Incident moisture 75 0.008659
NET1 — Max.I30 76 0.006653
NET1 - Temperature 81 0.006300
NET1 —Event duration 81 0.007289

As mentioned by (Florentina M. et., 1999), the nemdf neurons in the hidden layers cannot
be achieved from a universal formula but in thseggch for running the MLP network we
used the formula recommended by Najjar, 1999 tmest the initial number of neurons, to
prevent over-fitting. Najjar suggested that théi@happropriate number of neurons in a
hidden layer can be calculated by (T — O)/(I+Owlhere T is the number of training set, O is
the number of output variables and | is the nundb@énput variables. It was noticed that the
number of neurons in the hidden layer is influegdime quality of the result and the
performance of the networks. Hence in order toctele network with the best performance,
each network were trained and simulated with dgfiéinumber of neuron and net work

architecture.

5.3.5 Artificial neural network results

5.3.5.1 Global networks

In order to develop the network with the best penfance, network were trained and
simulated with different number of neuron and netkvarchitecture. Table 5.6 show results
obtained for various architecture for the NETlislindicated that the model with 8 neuron in
the hidden layer and 500 iteration give the besulteamong the trained models with
minimum average squared error (0.004482) and tagtfficient of determination (R0.87)
for the testing phase.

Table 5.6 NET1 testing phase with different arattitee and neuron in the hidden layer.

Model | Architecture| Iteration Nbr.Initial neurons Nbr.Optimal neurons| ASE Testing| °Resting

1 10-1-2 500 1 8 0.004482 0.87
2 10-2-2 1000 2 6 0.00562 0.85
3 10-3-2 1900 3 4 0.007988 0.77
4 10-4-2 9900 4 6 0.004889 0.86
5 10-5-2 10000 5 7 0.006731 0.79
6 10-6-2 9900 6 10 0.005605 0.83
7 10-7-2 1000 7 7 0.005899 0.83
8 10-8-2 400 8 8 0.00875 0.77
9 10-9-2 400 9 9 0.007481 0.76
10 10-10-2 100 10 10 0.007710 0.78
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Table 5.7 present the architecture of the optimatles of the three global networks. The
network with a 5 neuron in the hidden layer andQLi#@ration was found to be the best
network of NET2. The optimal network for NET3 istaimed with 10 neuron in the hidden

layer and 800 iteration.

Table 5.7 Global networks optimal model architegtur

Architecture Iteration Nbr.Initial Nbr. Optimal ASE ASE testing
hidden nodes Hidden nodes training
Net
NET1 10-1-2 500 1 8 0.000765 0.00448p
NET2 9-1-1 1100 1 5 0.001290 0.00582b
NET3 10-10-1 800 10 10 0.00037( 0.003144

Table 5.8 shows the performance and the efficiasfcNET1 and NET2 in predicting the
runoff. It shown that there is no significance eifnce between NET1 and NETZ2 in
predicting runoff at the training and testing plsasé&hile the NET2 performed some how
better than NET2 at the validation phase.

Table 5.8 Summary statistics of the global NET1 &t€r2 of observed versus predicted

runoff.
NET1 NET?2
Statistics Training Testing Validation  Training Tiag Validation
R2 0.96 0.89 0.80 0.96 0.87 0.86
Slope(b) 1,00336 0,815207  0,815207  0,976707 1,061470,85769
Ratio of | [0,781541;| [0,491545;| [0,770646;| [0,738611;| [0,851708;| [0,566678;
variances | 1,39999] | 1,12913] | 1,77026] | 1,32097] | 1,95647] | 1,30172]

The runoff were very well predicted by both NETHaET2 as indicating by the slope of the
regression fit equation between the observed vandgredicated values for all phases of the
network development (Table 5.8). Graphical repriegem of the observed versus predicted
runoff values for both NET1 and NETZ2 is shown igufie 5.6 and figure 5.7. Testing the
statistically significance difference between thserved and predicted values, shows that the
predicted values are highly matching to the obskrvalues and there is no significance
difference between the observed and predicted furalfies as indicating by the ratio of
variances for all phases (Table 5.8). Given thatr#tio variances contain the value of 1; this

confirms that the predicted values are not sigaifity different from the observed values.
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Figure 5.6.Measured versus predicted runoff vahye&lobal NET1 model.
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Figure 5.7.Measured versus predicted runoff vahye&lobal NET2 model.
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The plot of observed versus predicted soil lossiemlcomputed using NET1 and NETS3 for
the combined data from all land use types are showigure 5.8 and figure 5.9. Table 5.9
shows the performance and the efficiency of NETd BIET3 in predicting the soil loss. It

revealed that there is no significance differeneeveen NET1 and NET3 in predicting soil
loss at all the phases of the network developmamdt, the both models almost perform

similarly.

Table 5.9 Summary statistics of the global NET1 ki3 of observed versus predicted soll

loss.
NET1 NET3
Statistics Training Testing Validation  Training Tiag Validation
R2 0.98 0.86 0.91 0.98 0.84 0.90
Slope(b) 0,997674| 0,997674 1,3107P 0,984385 0,9661492,25401
Ratio of | [0,754081;| [0,754081;| [1,23947; | [0,736612;| [0,731971;| [1,14728;
variances | 1,3508] 1,3508] 2,8472] 1,31951] | 1,68142] | 2,63542]

The slope of the best fit regression equation foplaases of network development for both
NET1 and NETS3 indicate that the predicted values\ary well matching to the observed
values and almost unbiased for both the trainind)tasting data set of NET1 and Net3, and
only slight over prediction of the few soil lossnfall events for the validation data set for
both of the models.

Table 5.9 also shows the values of ratio variaretevéen the observed and predicted values
of NET1 and NET3 for all phases of the network depment. These values indicate that
there is no significance difference between thelipted and observed values for all phases of
the network, as the ratio contains the value of 1.

The result obtained from all the global nets (NENET2 and NET3) are significant for both
runoff and erosion prediction. Therefore these nwgerformed very well and there results
were highly significance. The phase of training wasy well predicted by the 3 network,

since it contain the largest portion of the daty5@%).
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Figure 5.8.Measured versus predicted soil loss lop& NET1 model.
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Figure 5.9. Measured versus predicted soil losSlopal NET3 model.

© 2007 Tous droits réservés.

114

http://www.univ-lille1.fr/bustl



Thése d'lssa Albaradeyia, Lille 1, 2007

Chapter five Soil erosion modeling

5.3.5.2 Individuals networks

Table 5.10 shows the optimal networks for all thdividuals Networks type which predict
the soil loss and runoff for each land use typesvidually. The optimal network is having
been developed with 6 neuron in the hidden layat @00 iteration for NETLUL. The
network with a 2 neuron in the hidden layer and #66ation was found to have the best
performance for NETLUZ2. Optimal network for NETLW@hd NETLUS were developed with
5 neuron in the hidden layers and 300 and 500tiberaespectively. Finally NETLU3
developed with only 1 neuron in the hidden layed BR00 iteration. Graphical representation
of observed values for both runoff and soil loss &t the optimal individuals networks

models are show in annex 1.

Table 5.10 Individuals land use type optimal nekanchitecture

Architecture Iteration Nbr.Initial Nbr. Optimal ASE training ASE testing
hidden nodes| Hidden nodes
Net

NETLU1 6-6-2 600 6 6 0.003298 0.016621
NETLU2 7-1-2 400 1 2 0.003084 0.005994
NETLU3 6—1-2 6200 1 1 0.006626 0.01318d
NETLU4 7-5-2 300 5 5 0.002464 0.012266
NETLU5 7-5-2 500 5 5 0.004959 0.0123671

The observed and predicted values of runoff aniddess by NETLUL are close to each other
and there is no significance difference among thentee phase of training and validation as
indicated by the ratio of ratio of variances (Tabl&1). In other hand the predicted values in
the testing phase were below the observed valudsttere was a significance difference

between theme despite the high value of coeffiaiéetermination (R=0.88).

Table 5.11 Summary statistics of the NETLU1 of abed versus predicted runoff and soll

loss.
RUNOFF SOIL LOSS

Statistics Training Testing Validation Training Tiag Validation

R2 0.89 0.88 0.88 0.93 0.91 0.85
Slope(b) 0,909311 0,537736 0,844123 0,907995 0B25 0,887231
Ratio of [0,478143; [0,122729; [0,301512; [0,453776; | [0,0434178; | [0,345196;
variances 1,80347] 0,877089] 2,15477] 1,71156] 0,310287] 2,46695]
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Comparison of observed and predicted values offfuam@ soil loss of the NETLU2 (Table
5.12) indicate that there is no significance dgfere between the observed values for all
phases of the model development, and observedssathere very well predicted. As for the
erosion there was no significance difference betwbe observed and predicted values for
training and testing phase, and there was a sigmifie difference between the observed and
predicted values for the validation as indicatedhw®y ratio of variances (Table5.12). Despite
the significance difference between the observed predicted erosion values in the
validation phase, associations between the pretlane observed values were above 72% of

the observed values.

Table 5.12 Summary statistics of the NETLU2 of abed versus predicted runoff and soll

loss.
RUNOFF SOIL LOSS
Statistics Training Testing Validation Training Tiag Validation
R2 0.94 0.90 0.85 0.97 0.83 0.83
Slope(b) 0,972901 0,874377 0,798621 0,935775 10402 0,550974
Ratio of [0,516503; [0,317126; [0,278626; [0,465405; [0,485661; [0,136158;
variances 1,94816] 2,26635] 1,99121] 1,75542] 3,47079] 0,973058]

The performance NETLUS3, NETLU4 and NETLUS are givenTable 5.13, Table 5.14 and
Table 5.15 respectively. Testing the models peréoree for predicting both runoff and soil
loss of these models for all phases of the modetldpment indicate that the models perform
well and it also shows that there is no signifieantifferences between the predicted and
observed values as indicated by the ratio of vagarand the slope of the best fit regression

line.

Table 5.13 Summary statistics of the NETLU3 of aobed versus predicted runoff and soll

loss.

RUNOFF SOIL LOSS
Statistics Training Testing Validation Training Tiag Validation
R2 0.90 0.84 0.79 0.90 0.78 0.80
Slope(b) 0,861514 0,749494 0,820047 0,880115 08764 0,803143
Ratio of [0,42525; [0,249798; [0,318134; [0,443516; [0,368071; [0,301021;
variances 1,60396] 1,78519] 2,27355] 1,67286] 2,63043] 2,15126]
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Table 5.14 Summary statistics of the NETLU4 of aobed versus predicted runoff and soll

loss.
RUNOFF SOIL LOSS
Statistics Training Testing Validation Training Tiag Validation
R2 0.95 0.81 0.87 0.96 0.95 0.83
Slope(b) 0,95251 0,745112 0,84610°" 0,89582 1,35372 1,46257
Ratio of [0,489849; [0,255402; [0,309402; [0,430792; [0,720889; [0,969592;
variances 1,84762] 1,82524] 2,21115] 1,62487] 5,15186] 6,92922]

Table 5.15 Summary statistics of the NETLUS of aobed versus predicted runoff and soll
loss.
RUNOFF SOIL LOSS
Statistics Training Testing Validation Training Tiag Validation
R2 0.95 0.82 0.83 0.90 0.83 0.90
Slope(b) 0,984676 1,04225 1,06396 0,932669 0,9784p6 1,14196
Ratio of [0,52444; [0,497497; | [0,513283; | [0,494827; | [0,430833; [0,53881;
variances 1,97809] 3,55538] 3,6682] 1,8664] 3,07896] 3,85062]

The significance difference between the observetl @edicted values of NETLU1 in the

testing phase for both runoff and erosion, and shgnificance difference between the
observed and predicted values of soil loss prexiatif the NETLUZ2 could be attributed to the
relatively smaller number of events used in devielppghe network, which have made the
training sub set of data too small for an optintaining of the networks. Despite that the
result obtained from all the individuals networks both runoff and soil losses were better
than the result obtained from WEEP.

5.3.6 Conclusion

Result indicate that the artificial neural netwanodel with single hidden layer and a feed
forward back propagation , when provided with disight amount of observation , can be
trained to provide a relatively highly significaatitput for both runoff and soil loss. The
simulated output for both runoff and soil losseghs# global network were good and some
what better than the result obtained by the indiald land use networks. Thé Ralues for
predicting soil loss and runoff by ANN was highlean the R using the WEPP model, which
indicate that the ANN predicting well the soil loasd run off as compared to the WEPP.
Also the observed and predicted values by ANN weghly significant with no significant
different between them. While in the case of WERE predicted values and observed values

for both the runoff and soil loss were highly sigrant.
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The WEPP model has very low fits for the field datherefore, the model predictions under
Central high land mountains are not very satisfgctGonsequently the overall suitability of
the WEPP model for the study area is question&bighermore, the

Application of this model for the study area neddtailed and accurate soil, topography, and
vegetation and land use data. This means, its agtigih requires a considerable work for
collecting data, and such a task is time consuraimgj tedious. Since ANN models shows
sufficiently reliable results, is relatively easy use and it require low amount of data. Also
the neural network can be developed with much kfésrt than that required for the
development of the physically based erosion mosieth as WEEP. The study suggests that
the ANN model is probably more suitable than the REmodel for the purpose of the

present study with a minimum a mount of observation
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Conclusion General and Recommendation
Investigation of water induced soil erosion of twears duration were conducted at five
different land use types in the semi arid Mediteean Central High land mountainous area of
the Palestinian territories. The investigated larsgs comprise the major land use types
practiced in the region. The study area is locatetthe northern part of the Hebron district.
The study has the following aims: to study the cffgf different land uses practices on soill
erosion and runoff; to investigate the affect afsh land uses on soil properties; and to apply
and determine the ability and capability of physigecess based erosion model (WEPP),
and the artificial neural network in predictingldoss and runoft.

Literature review indicate that loss of soil reflt in reduced crop production potential,
lower surface water quality and damaged drainagwarks. The rate and magnitude of soll
erosion by water is controlled by the Rainfall gy and Runoff, Soil Erodibility, Slope
Gradient and length, Vegetation and Conservatioaddees. A wide range of models exists
for use in soil erosion prediction. Few of thesedesls have component to consider the
hillslope erosion. These models differ in termscomplexity, processes considered, and the
data required for model calibration and validatiora new condition. In general there is no
‘best’ model for all applications. The most appiafeg model will depend on the intended use,
availability of the data, and the characteristiéstie study area being considered. Other
factors affecting the choice of a model for an agpion include data requirements, accuracy
and validity. Within the literature, the prefereaad researchers for certain model types over
others largely reflect two main viewpoints: empBlasn the processes at work or emphasis on
the output.

Understanding the different factors that effeét smsion problem in the Palestinian Central
highland mountainous area, it is a prerequisitenfodelling and predicting the soil loss under
this condition. Therefore this understanding msbhased on experimental data, to model the
cause and effect of relationship of soil loss fetin order to achieve that, soil loss; runoff
and soil erosion factors were collected from adfigtudy carried out for two years under five
major land uses existing in the central highlankde Tata collected are the runoff, soil loss,
vegetation cover, rainfall and rainfall intensitppography including the slope and slope
length, and the soil physical and hydraulic prapert

Rainfall characteristics revealed in general ttiad, rainfall intensity was very low, with only
a few rainfall events with considerable intensity &inetic energy, which may cause a real

damage to the soil surface. Derived solil erodipppirameters under the different land use on
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the study area, showed that the soil erodibilitiois. The presence of annual vegetation and
plant residues on the soil surface and the tergasiructures is responsible for the reduction
of soil loss to very lowalues; and therefore further degradation of tinel lis restricted. The
results confirm the existence of a strong positelation between rainfall depth and runoff
and sediment loss for particular different kinddaofd use, and between runoff and soil loss
with the presence or absence of the support pesctis terraces in the region. The decrease in
vegetation cover and increase in mechanical aesvitnder the cultivated land use resulted in
significant decrease in the soil organic mattergragate stability, and the hydraulic
conductivity and total porosity and effective patp®sf the soil.

The WEPP model has very low fits for the field datherefore, the model predictions under
Central high land mountains are not very satisfgctGonsequently the overall suitability of
the WEPP model for the study area is question&lghermore, the application of this model
for the study area needs detailed and accuratetepigraphy, and vegetation and land use
data. Result obtained by applying the artificialiraé network model with single hidden layer
and a feed forward back propagation, were very guaitid no significance difference between
the observed and predicted values for both theffuammd soil loss. While in the case of
WEEP, the predicted values and observed valudsofibr the runoff and soil loss were highly
significant

Given the high data demand of erosion predictiomeand difficulties in obtaining such
data of sufficient quality and special and temparalerage, also all of the erosion prediction
models that are considered deterministic, theynaaimly developed based on the data of the
empirical models. The artificial neural network e used as predicting tool to estimate
the soil loss and runoff with a few parameters émdovide a significance result as shown in
our study. Therefore the ANN is recommended todmpted as prediction tool to understand
the problem of soil erosion in the Palestinianiteries with minimum effort to collect a few
numbers of parameters and to conduct a relatively éxpensive experiment for data
collection. Therefore, the result obtained fronstinork added to our knowledge the soil
erosion research could be continue in the regicorder to get a better understanding of this
problem with minimum efforts and without the neddusing the highly demanding input

models that require high investment in collectingse input.
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Annex 1

Thése d'lssa Albaradeyia, Lille 1, 2007

Annex 1.1 Measured versus predicted runoff by NET lchbdel.
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Thése d'lssa Albaradeyia, Lille 1, 2007

Annex 1.2 Measured versus predicted soil loss by INFL model.
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Annex 1.3 Measured versus predicted runoff by NEZ lchbdel.
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Annex 14 Measured versus predicted soil loss by NETLU2 model.
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Annex 1.5 Measured versus predicted runoff by NEFlchbdel.
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Annex 1.6 Measured versus predicted soil loss by INE model.
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Annex 1.7 Measured versus predicted runoff by NEZ Ichbdel.
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Annex 1.8 Measured versus predicted soil loss by INEl model.
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Annex 19 Measured versus predicted runoff by NETLUS model.
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Annex 1.10 Measured versus predicted soil loss BYINU5 model.
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