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ABSTRACT

DEVELOPMENT OF EROSION RISK MODEL USING

GEOGRAPHICAL INFORMATION SYSTEM (GIS)
B»:

Mahmoud Whadeen & Ha'fut Abu Sayma
Palestine Polviechnic Universily
Supervisors:

Dr. Majed Abu Sharckh

Eng . Maher Owaiwi

The purpose of this study is to establish spatial information of soil erosion using the
Universal Soil Loss Equation (I/SLE) and GIS. The study area. Hebron catchments arca,

covers an area of approximately 295 km™ of southern West Bank

A =gt of factors as identilied in the USLE will be studicd and reviewed, These include
rainfall erosivity factor (R-factor), soil erodibility factor (K-factor), slope and slope
length factor (LS-factor), vegetative cover factor (C-factor) and conservation practice
factor (P-factor). Each factor which consists of a set ol logically relsted geographic

features and attributes is used as data input for analysis.

Fach of the above mentioned USLE lactors, with associated attribute data, will digitally
sncaded in 4 GIS database to eventually create five thematic lavers. Simultancous
overlay operation on these five layers produces a resultant polygonal layer, each polygon

of which is u homogeneous arca with respect to cach of the five factors,

Analysis of daily rainfall data of 5 years gives the R-factor. Spatial K-ractor will be

formed from digitized soil map for Hehron, and seil samples, Digital elevation model




(DEM), interpolated from elevation contours. will employed to gencrate the slope and

[ 8-factor. Land use map is used to determing the spatial C-factor and consequently P-

factor.




ABSTRACT IN ARABIC

DEVELOPMENT OF EROSION RISK MODEL USING

GEOGRAPHICAL INFORMATION SYSTEM (GIS)
By:

Mahmoud Whadeen & Ra'fat Abu Savma
Palestine Polytechnic University
Supervisors:

Dr. Majed Abu Sharekh
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Wi gl _El_lt..u._lldd.al.-.dlpl.a._.ﬁ.w.uw-m)m Aol jliie ayang 3 g el e angl)
(ﬁs?qq}ull—m]“_]-w‘:_u‘#_ul _"JJJAAH{L!“_HML-AIEJJJ_;

..;r‘ m‘j'ﬁlmd#%iu_yﬂi_ﬁhhuﬂﬂ_iqﬂ_huﬂle Lj-lll,l.ﬂ__pl‘iﬁ}m
L ki) L_.ri L‘,.Jj.ujl eldaill -ﬂ.:q,. r.-‘._n_y:l_, _]1-‘1-1.1‘:!11 _jl.nl.- i.-‘-..!_;..'l.ﬂ -_li_}s_l Jhes ARk
1#'_‘]511Jcm.wu‘:dﬁ‘_’-‘i!ﬂ&w#&Jiwi‘éh—l—ﬂ_gﬁhﬂiﬂdu

P PRI

Jee 8 e b s o S dB ¢ ( GIS) el sl lasas ol gl i (lat a5 0a g
ﬂu‘_}:ﬂldﬂ-ﬂﬂ Iﬂ,&‘l._).n]]JSLﬁ.l._ph_}.l:-ﬂ_rLﬁ.ﬂ" ﬂ-u_;h.l1_|;_,5_|L..4Jln.-]|:_k E‘.'lr—__‘lri-'ll

ot %l e il eS¢ Al v i | el B _J’.LLJ’)“HLHHL_JJMPHJJHL;JIAJHHWI

_'.]1 -u'....n‘}ru b ‘L_,.L_, _J'I_-h'}rl d.a..nn u-.ﬂ-u.LmU ‘n.j_“;us li:_‘;l.:. Pl.ﬁ:..:_| l-"n_n.ui‘_]_"l.nll Aglii,
ﬂ.l.um'luj L.ﬂ:..l\rdlu._ﬂ.m_JLu.a.l‘ufJ;-nﬂ;Lﬂjiﬁp_,..u_-ula._pnjj.uﬂ.:‘h_u'l

vii




TABLE OF CONTENTS

T e e i e N e i e e e e e e S L s e b

B e U VRN e s o L SRR R 5 S I . | i
P e BT 25 it st i LT AN E R AR A s 3 S B BB 1}
ACKIOWISEIIISATL .. .ovcicrermsaior ssssussssiassttmmeyrormssinsspsnssusmsafamnssimn ks oot s sk A S APt on [V
R T e iR kb P A A AN B SRS AP ST v
Y R R ey s i e e R e N i Vil
R S NS s e R A A e IIE et ey O RO Vil
B L e e e e e e e e e e e R e e e X
ARk ORI, v rmmmmrms i ey et S e e e seres g AL Ay Ch 74 X
CHAPTER ONE INTRODUCTION 1
e T L il e e e e e A R e S 2
b2 PO Tt e TIN5 nsnisyet s eospesas st A S AR A S Rt R R 3
L P L e S i DA o R A A A S e e e S e 3
1.4 s S SRR Loy os cnm st sl virrss rplispmmsbessn st bpnoesb oot et 5
LM athodolopy OF T WEIK . e bissei s W SR IR S o S e prrasas S s es e SR et 6
15,1 First phase: data-collection and SUTVEY.... ..o vsiiiaimismenssiisiasasss s sasiisals 7
1.5.2 Second phase; design of erosion model ... 7
1.5.3 ‘T hird phase: writing the report and other related jobs.........cieinniicnn. 7
BT T T T T (R S SN e e S RO e e e R e b
L7 Orpanieakion O F e PRrOVGE i isssinimmistmmeasansiio i inassmssiey i sresa1essssssespsaprsass 8
CHAPTER TOW GIS SOFTWARE OVERVIEW 10
B R i e S AR e Y A 4 A G bR WA L 4 A A Sk 11
T R NS A PP e sl 2
2T WAL IR 00 VIS IO oo iviaieesotstasin s ensisaarabath kn s aAa s SR Gadn 541 simsuies b as i 12
2.2.2 Data types used in ArCVIEW......ocivivamiimiisiumiamg TR It e s o e d s 13
2.3 Arc View architEeture. oo e sscassssssscrsmisessin IR —— | ke
Vil




2.6 Relation between srosion, remote sensing and GIS.................... 20
CHAPTER THREE LEROSION MODEL AND USLE 22
OO RN, oo s L 23

2ok PRSI By WA it e 24
iy C OSSR 27

3.1.3 Soil Chrematistics and PEOAUCEVILY.....or st emrersssssscsmmssssssansbossomeesssse 28

3.2 Modeling erasion a1 SRR 30

' 3.3 Importance of ES R S WG . St e R L L S 30
| O SIS i et 31
' 5 Bl T B USLE ettt 32
3.5, Rainfall Bstimatian Uit sommsetimits s bt ssressrmmenmmosstiee et 33
i o R 34

3.3.3 Soil Length Gradient e 34

3.5.4 Cropping and e (o R 34

4.5.5 Conservation Practices T 35

$316F0ll Lass TOlEranoe REE ..., cmscmmmiimiscisisssc 35

IX




CHAPTER FOLR DATA PREPARATION 36

4.1 Field wamplcij'-’
4.2 Soil texture (Sieve anal»als}ES
4.3 Soil ln:n*urcmangle-l-{.‘r
4.4 Meam:remem-;]fInﬁltralion.“..,“................r..............,.......,.....___............44

44.1 Entmdut.tmn-fli

4.4.2 Double Rings Infiltrometer I F o Py T ST e P

44,3 Test Methudulﬂgxalﬁ
4.5 Soil mmsturz-#'}
4.6 Organic matter:'li,l
4.7 LumﬂurMapil
4.8 l.and use ‘m‘lap;&.":
41O RAI A1 MED....vovianoti s ieene s vasiiskinsessss e ssnsmsmmi pnispasns g ssnsssomssamminen 34

CHAPTER FIVE ESTIMATION OF USLE FACTORS FOR HEBRON
CATCHMENTS AREA 36

L

| Rainfull-Runoff erasivily Bl R Y oo e e o s e b A e s S b T S
1 Soil Length gradient J[un.mr{LB_'iSE
5.3 Soil erodibility (K]i‘-)

L

5.4 Conservation Practics (P .oeerrmr o osenamisiiniameis s er v
* 5.5 Cropping and management [UE:'[J

3§ Estimate of USLE factors for Hebron catchments e VRPN - §

5.6.1 Rainfall-Runcff erosivily BRI v sy hah s i svsads sna i ko e O

5.6.2 Sail Length gradient factor EL‘KJ{:I
5.6.3 S0il SEOTIBINLY (KYevors st soisorcssusivnsssissisrsbisissansnisunpansssesessnssays 89

5.6.4 Cropping and managemenl.{{.'}...,........._..............,,............,..,.‘..........?1

5.6.5 Conservation praclices (P!?j




3.7 Final USLE erosion map for Hebron catchments area .......coocoooeeiirianiniainnn 74
:-l E T .'rnllllﬂ-ll Prr‘-11||ll|ll|ll|l11||lll|l11'r|-|-lllI‘li'-r--11l|ll|ll|-|||r|ll|lll'Ilrlllrlllllllllalrll?s

3.9 Management Strategics 10 Reduce Soil Losses. .. .cciiviiiiiimniiciiiiniociinisianians? 7

CHAPTER SIX CONCLUSIONS AND RECOMMENDATIONS 79

T L s D R S (P S LSRR, |
R T Ry e e St S s
T T e L NS s i SR o o SO L S | S

T R T e e S R R R T R (T 96




List of figures

Figure No  Deseription Page No
1.1 Hebron Catchments Area, location map 4
1.2 Aerial photo of Hebron Distriet 3
21 Geographic data 13
22 Attribute data 14
2.3 Project sample I3
24 ArcView 16
25 Table sample 16
16 The churt 17
By Layout 17
28 Script 18
29 Surface Terrain Represented by a Mesh of cells 20
il Erosion sample 23
3.2 Erosion by water 24
33 Erosion By wind 28
4.1 location Soil samples 37
4.2 Soil sample picture 41
43 Soil texture triangle 2
44 Infiltrometer test 45
4.5 Double Ring Infiltrometer 46
446 Hebron District contour map 32
4.7 land use map %
i85 Soil map 54
< Rain full map 55
3l Calculation of R factor using the Field Calculator Tool al
in ArcView 3.2
§2 The raster rain map for Hebron catchments area Z
53 Derive slop from the DTM map 63
54 Output map for slope B
55 Using ArcView to calculate (LS) factor 68
5.6 Resultant (LS) factor grid map 69
57 (K) factor 71
58 The spatial disiribution of the C Factor in the study 2
aren
25 (C} Factor i
5.10 Calculating the erosion model 74
311 Final erosion map for Hehron catchments urea 75
512 Erosion Risk Classes Map for Hebron Catchments 77

Area




Tuble No
1)
4.1
4.2
4.3
4.4

4.5
4.6
4.7
4.8
5.1

L
PO S U

i Lh

L

Bo Be ~4 o

L

List of tables

Deseription

Phases of the project with there espected duration
Coordinate of soil samples

Standard sieve sizes

Sieve analyscs for one sample

Soil association published by maher owaiwi and wael
awadallah

Soil texture

Infiltration table

Soil moistare

Organic matter

Total monthly rainfall for Hebron station (mm), scason
(2005/2006).

K Factor Data

P Factor

C Factor

Shows the characteristic of the different Soil
Assoriation groups

C Factor

T value

Soil Erosion Classes by area present

Management Strategics (o Reduce Sail Losses

R R

Page No

-

2

39
40
43

43
48
49
50
57

59

Gl
70

72
10
TH
57



CHAPTER ONE

INTRODUCTION

CHAPTER ONE

INTRODUCTION

This chapter covers the following items:

1.1 GENERAL

1.2 PROBLEM DEFINITION

1.3 PROJECT AREA

1.4 ORJECTIVES AND ADVANTAGES
1.5 METHODOLOGY OF WORK

1.6 LITERATUER §TUDY

1.7 ORGANIZATION OF THE REPORT
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CHAPTER ONE
INTRODUCTION

1.1 General

Soils play u central role in the life and development of mountainous lands. They provide
2 vital substratum for men, animals, plants and micro-organisms. They are a key
component of the mountainous ecosystems, in particular for water and nutrient cycling.
In addition, they constitute a major genctical reservoir and are a place of major regulation
and transformation processes. As a central element of the mountainous landscape, soils
have always occupicd a central position in the cultural and economic life of human
communities. In particular, they constitute the basis for agriculture, including forestry and
livestock rising, and a major component for recreational and touristy activities. It is
therefore essential 10 promote the conservation and sustainable use of the soil resource,
taking into account the specific sensitivity of mountainous soils to degradation and

alteration processes.

Soil erosion as , broadly defined proup of processes involving the movement of soil and
rock. This movement is often the result of flowing agents, whether wind. water, or ice,
which sometimes behaves like a fluid in the large muss of a glacier, Gravitational pull
may also influence erosion. Thus, erosion, as a concepl in the earth scicnces, overlaps
with mass wasling or mass movement, the transfer of earth material down slopes as a

result of gravitational forve.

Even more closely related to crosion is weathering, the breakdown of rocks and minerals
al or near the surface of Carth owing to physical, chemical, or biological processes. Some
delinitions of erosion even include weathering as an erosive process. Though most
widely known as a by-product of irresponsible land use by humans and for its negalive

sffect on landforms, erosion is neither unnstural or without benefit. Far more erosion
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accurs naturally than as a result of land developmenl, and a combination of weathering

and crosion is responsible for producing the seil from which earth’s plants grow.

Soil erosion is the removal of surface material by wind or water, which is very dynamic
and sputial phenomenon. In the process of passing a good farmland to the next
generation, it is necessary to have sound and sustainable conservation practice not o
allow soil erosion at a rate, which depletes soil resources faster than they can be renewed,
Ta achieve this goal. there is demand for modeling the spatial distribution partern of soil

erpsion.

The crosion components like soil infiltralion characteristics, rainfall intensily are
spatially and temporally variable and have strong impact on water erosion process
. All the factors of universal soil loss equation (USLE) are geographic in nature, which
means they can be referenced to a particular location. The Geographic Information
System (GIS) techniques are valuable tools for spatial data analysis and modeling. It is
guite ohvious as it assumes the use of various data like soil, vegetation, relief. climate

data... etc, that can be effectively processed in (iS5 environment

1.2 Problem definition

Soil erosion may affect agricultural productivity and land use chanpes, quantitative
estimates on the relationship between soil erosion and crop productivity, also its affect
pattern and land use.

1.3 Pruject area

iebron catchments area , catchments in Hehron district, its located in the southern of

West Bank, it mostly hilly, rocks and its slope is toward the south, and the slope gradient

is also increase toward the south, ligurc (1.1) shows its location,
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oceurs naturally than as a result of land development. and a combination of weathering

and erosion is responsible for producing the soil from which earth's plants grow.

Soil erosion is the removal of surface material by wind or water, which is very dynamic
und spatial phenomenon. In the process of passing a good farmland to the next
generation. it is necessary to have sound and sustainable conservation practice not to
allow soil erosion at a rate, which depletes soil resources faster than they can be renewed.

To achieve this goal, there is demand for modeling the spatial distribution pattern of soil

erosion.

The erosion components like soil infiliration characteristics, rainfall intensity are
spatially and temporally variable and have strong impact on water erosion process
_ All the factore of universal soil loss equation (USLE) are geographic in nature, which
means they can be referenced to a particular location. The Geographic Information
System (GIS) techniques arc valuable tools for spatial data analysis and modeling. It is
guile ubvious as it assumes the use of various data like soil, vegetation, relief. climate

&ata. .. ele, that can be effectively processed in GIS environment

1.2 Problem definition

Soil erosion may affect agricultural productivity and land use changes, quantitative
sstimates on the relationship hetween soil crosion and crop productivity, also its affect
gattern and land use,

1.3 Project area

Hehron catchments arca , calchments in Hebron district, its located in the southern of

W ==t Bank, it mostly hilly, rocks and its slope is toward the south, and the slope gradient

& a's0 incrense toward the south. figure (1.1) shows its location.
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Figure (1.1): Hebron Catchments Area, location map
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Out of the total cultivated area, 95% is rain feed, 60% under olives, grapes, almonds, and
fruit trees, and 35% under field crops, mainly winter cereals and grain legumes. The
remaining 5% of the cultivated land ig irrigated and used mainly for vegetable.

The elimate of study area tends to be cold in winter and warm in summer and relatively

humid. The average maximum temperature is about 34°C in summer and the average

minimum temperature is 9°C in winter, and the average humidity varies between 25-80%.

Figure (1.2): Acrial Photo of Hebron city
1.4 Objectives and advantages
The overull objective of this project is to surve Hebron catchments area with erosion risk

model using (GIS) t reduce the risk causes by erosion, that's happened. by giving an
future overview about the situation of the soil. More specifically the main objectives of
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this study may be summarized as the follow:

|. Define the study area.

bk

Preparing the maps and the necessary information
Colleet any necessary information from the figld
Analyses theses data

Dala processing and map generation

F‘H'L.n_.l‘_h.‘

Development of a soil crosion intensity map using universal soil loss equation
(USLE) with the aid of remotely sensed data m a GIS environment.

7. Development a data basc for Hebron catchments area about soil evosion.
After this study we will be able to answer many guestions like:

. How serious is the problem?

2. What does il matier?

2. What major problem or issue is being resolved and how are you resalving it?

1.5 Methodology of the work

I'he project consists of three phases, which is designed (o be completed in according with
schedule in table (1.1). The description of each of these three phases of the project tasks

involved are listed helow:

Table (1.1): Phases of the project with three expected duration

PHASE TITLE Duration (2007-2008)
NOD. 12007 | 32007 | $2007 | 52807 | 972008 | 1002008 | 112008 | 1272008 |

One Dain collection and

R urviy.

'_h'l'wu | Design of erosion

Maodel.

Three [ 'i‘-'ril.i_uglhe report and
| Other refated jJobs.
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1,5.1 First phose: data collection and surves

During this phase, available data and information is callected from different sources.
Mareover, many site visits to both project area and the related local organization are
conducted. First phase included the following tasks:

I. Collection of aerial wopographical maps for the study arca.

2. Collection of metrological and hydrological data (temperature, wind spead, rainfall,
evaporation ...ete) from different sources.

3. 'lake sample from the field, that's will be from different places around the projects
arca.

4. Analvze the sample.

1.5.2 Seeond phase: desipgn of erosion madel

During sccond phase, the necessary USLE factors arc calculated to estimare erosion

quantity model. This is including:

L. Preparing any necessary program that’s needed in the modeling,

1. Lstablish the modeling by analyses the data with ArcView.
3. Preparing the final map.
4. Estimate the USLE factors and prepare them to he usad,

33 Third phase: writing the report and other related jobs

Afier linishing the design modeling map. the research team prepared the specifications
map, and model. preliminary, and estimate the amount of erosion in tones per year.
I'he report of the project is prepared and submitted to the Department of Civil and

Architectural Engineering of Palestine University.
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1.6 Literature study

Many studies had been conducted about soil crosion because ol the serious of the
problem but non of these swudies related to Llebron catchments area, one of the projects
that is near to our project 15 made by Ahmad Namoura and Ashraf Zahen and Safvat
Owasmah, and is supervised by Dr. Majed Abu Sharkh, and it is about hydrologic smdy
nf Wadi Su’d in Dura area using GIS

In other hand, many wehsites published several studics about erosion and its effect on

soil, we study some of them Lo pain knowledge about how (o use USLE and GIS 1o

develop a model for Hebron catchments area.

1.7 Organization of the project

The study report is prepared in according with the objectives, and scope of the work.

The report consists of seven chapters as:

Chapter one: Entitled (introduction), outline the problem, projects objective and phases ol

the projects.

Chapter two: Entitled (GIS Software Overview), how we deal with software to carry out

the projects, how does it work, and the importance of these software.

Chapter three: Entitled (Erosion Mode!l and UISLE), is contain the erosion definition and

refution with GIS, and alzso the definition of USLE parameters.

Chapter four: Entitled (Data Preparation and Analysis), this chapter describes the lield

work procedures, soil lab test, and the analysis of these data.
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Chapter five: Entitled (Estimation of USLE factor for Hebron catchments area), this
chapter illustrates the procedure to estimate the USLE factors, and describes’ the soil

grasion risk mup lor the study area.

Chapter six: Entitled (Conclusions and Recommendations)
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CHAPTER TWO
GIS SOFTWARE OVERVIEW

This chapter covers how ArcView GIS utilized to carry out the project tasks; the
chapters cover the fullowing items:

2.1 GIS BASIC

2.2 ARCVIEW

2.3 ARCVIEW ARCHITETURE

2.4 TRIANGULATED IRRRGULAR NETWORK

2.5 DIGITAL ELEYATION MODEL

1.6 REALATION BETWEFEN EROSION, REMOTE SENSING AND GIS
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CHAPTER TWO

GIS SOFTWARE OVERVIFW
2.1 GiIS basic

GIS (or Geographic Information Svstem) is a eomputer system capable of assembling,
storing, and manipulating geographically referenced information, ie. data identified

according to their locations.

In other words a GIS allows data to be displayed in map format but contains additional
information about each map feature through the underlying database and topology.
Features contained within a GIS are both visual representations of data as well as actual

points ol reference for the underlying database.

I- Vector based GIS- e.g. Arc-View or Arc-Info. Veetor based GIS use points, lines, and

polyeons to displav and reference information about the world.

- A point- has no length or spatial area. It is defined as a single X.Y coordinawe. For
example, a manhole cover can be displayed as a paint that is located at a particular

localion within a city.

- Lines- represent linear features (even if they have curves). Lines have length but no
spatial area. A line can be thoughl of as a string with a beginning point and end point
connected by a line thut can vary in shape. The beginning point and end point define the

extent of the line (these points are often called nodes).

11
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- Polygons- have length, spatial area, and & perimeter. A polygon can have aumerous x.y
coordinates that define its shape (these arc often called vartices) and always has a single
point that defines the heginning and end of the polygon. Examples of polygons are

circles, rectangles, or other many sided objects.

2. Raster based GIS- A Raster gystem USes rows of uniform cells to display and
—eference information. Each cell is given a value that defines information about the point
in space that the ccll encompasses. For example. raster cells are often used Lo represent
clevation on the earth’s surface. In such a system. a grid of squares, each coded with the
sverage elevation value of the surface that the square COVELS, is used Lo represcnt the

distribution of elevation values across a given surface.

2.2 ArcView

AreView GIS is a deskiop geographic information system (GIS) from Environmental
Systems Rescarch Institute, Inc. (ESRI). A GIS is a database that links information 1o
\acation (it connects the what 1o the where). allowing you 10 scC and analyzc data in new
and useful ways.

o IS L J
7 1 What can Arc view do’!

|- Display information which resides locally or over 8 distributed network.

3. Read spatial and tabular -starmarion from a variety of data formats.

1. | == colors and symbols ta represent faatures. For example, rivers can be represented
= blue solid lines and roads as black dashed lines.

£ 1se colors and symbels to represent features based on their atiributes. For example,
countics can be shaded based on their papy lation.

4. Connect spatial infarmation 10 databuse attribuies:

. Selact data spatially and retrieve database information.

« Select dam from the daiabase and sce the spatial representation of the selected features.
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2.2.2 Data types used in ArcView
1- Geographic data
Geographic data consists of features represented by points, lines and polygons. ArcView

can use

» AreView shape files

« ARC/INFO coverages (PC or Unix)

- AutoCAD (* DWG) and Microstation (* . DGN) CAD drawings
* DXF files

Figure (2.1): Geographic data, vef (3).

I- Attribute data
ArcView can read tabular data from:
= DBASE files
« Database servers such as ORACLE. INGRES, SYBASE, INFORMIX eic.

13
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GIS SOFT WARF OVERVICW

* INFO tahles

» Comma or tab dalimited ASCIIL Gles.

J-Image data

Image data includes satellite images, aerial photographs, and other remotely sensed or
scanned data. Supported formars include:

* ARC/INFO GRID

+ BS0O. BIL, BMP, BIP, aund JPEG

* SUN raster files

« Tiff. TIFF LZW compressed, and GeoTIFF

* Erdas (.lan)

« Frdas Imagine Images (*.img)
* Image catalogs
« Run length compressed formats

&Grid data

« ARC/INFO GRID

= ASCII raster file formar

= Binary raster [ile format

= USGS DEM format

« 1S DMA Digital Terrain Elevation Data (DTED)

] _?l_]'l:

L. - | L

| - R

= 17 WL |

T A e o ETh EET

S| N H| Tl q

i L I i it
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Figure (2.2): Attribute data, ref (3).
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1.3 ArcView architecture

2.3.1 Project

The Praject window contains all of the other documents associated with the project.
The documient types in a praject are: VIews, Lables, charts, layouts and scripts. Al of
these associated documents are accessed through the active project window.

Projects are text (ASCII) files siored with an “.apr” extension. Projects gontain pointers
to the physical locations of associated documents a3 well as user preferences (colors,
G window sizes & positions). The user preferences stored with the project affect only
the way the data is displayed not the data itself.

operc | g |

- £ Legerwd Ecitar =
E. Labwiing Features
£ Damiprg Dais

Tomptx = =

Figure (2.3): Project sample, ref (3).

23.2 View

A view is the graphic representation of spatial information and can contain any number of
“ayers” or “themes™ of spatial information (points, lincs. polygons and images). For
example interstate highways, hank locations and soil polvgons would be themes in @

smgle view,
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¥ Consun BEd Riesm

111

Figure (2.4): ArcView, ref (3).

L wle is ArcView's representativn of tabular data. Tables contain descriptive
wiemation about a specific subject. Each row, or record, defines one entry in the
Smwese (c.g., one wetland polygon); cach column, or field, defines a single
Swescrenistic for the entry (wetland type). Any dBase. INFO or ASCII file can be
Septaned as an ArcView Table.
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1 3.4 Chart

Charts provide graphic representation of summarized tabular data. Charts can also query
data from the table by which it was built. Six chart types are available: line, bar. column,

(x.v) seatter, area, and pie.

High Sehool Sizs

W Cobumbia H.S
[ B Aygust= HS

B biyile Beach B3
| B ek Hill 15,

B Groailia H S

B Sparlanbug H. S,

O Andason K5

B ajlar H =

h‘;-qu.am Faat

Figure (2.6): The chart, ref (3).

2 3.5 T.avoul

The layout document is used Lo combine all other documents (views, tables, and charts)
into an output document (usually a hardcopy map). Any previously composed view can
e placed into a lavour. Within the layout & north arrow, scale bar, legend and other
graphics can he added.

C P veut Caemple

Figure (2.7): Layout, ref (13).
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-
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Seripl windows are for writing and displaying Avenuc scripts that customize the
ArcView user interface or perform user- designed tasks. From the bution bar you check

syntax, debug and run your script.

Figure (2.8): Seript, ref (13).

2.4 Triangulation Trregular Network

A rriangulated irregular network (TIN) is a digital data structure used in a geographic
nformation system (GIS) for the representation of a surface, A TIN is a vector based
representation of ihe physical land surface or sea bottom, made up of irregularly
distributed nodes and lines with three dimensional coordinates (x.y, and z) that are
arranged in a netwark of no overlapping twiangles. TIN5 are aften derived from the
slevation data of a rasterized digital elovation model (DEM). An advantage of using a
TN over a DEM in mapping and analvsis is that the points of a TIN are distributed
variably hased on an algorithm that determines which points are NMOSL NCCESSALY T an

securaie representation of the terrain.

fhata input is therefore flexible and fewer points necd to be stored than in a DEM with
segularly distributed poinis. While a TIN may be less suited than a DEM raster for
certain kinds of GIS applications, such ns analysis of a surface's slope and aspect. TINs

s=ve the advantape of being able to portray terrain in three dimensions.

18
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A TIN comprises a triangular network of points, known as mass points, with associated
coordinates in three dimensions connected by edges to form a friangular tessellation.
Three-dimensional visualizations are readily created by rendering of the triangular Lacets.
In regions where there is little variation in surface height, the points may be widely
spaced whereas in areas of more inlense variation in height the point density is increased.
A TIN is typically based on a Delaunay triangulation but its utility will be limited by the
selection of input data points: well-chosen poinis will be located so as to capture
significant changes in surface form, such s topographical summils, breaks of slope,
ridges, valley floors, pits and cols.

2.5 Digital Elevation Model

A Digital Elevation Model (DEM) is a digital earth surlace lerrain elevations in xyz
courdinates which buill by converting the confour map of study area to | rangulated
Irregular Network (TIN).

The terrain elevations for ground puositions are sampled ot regularly spacad horizontal
mtervals. In other countries DEMs are produced by some national institute, .2. in the
L'SA DEMs are produced by U.S Geological Survey (USGS) as apart of its national
mapping program. Cell sizes for United Stales are available at (30m), (100m), (500m),
= for the world at (1 km) cell size. (Maidment, 2002)

A Digital Elevation Model (DEM) consisting of a rectangular mesh of elevation points
located over the landscape. Rectangular mesh has a number of cells represenis the

si=vation of the center of the cell as the following figure (2.9).
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Figure (2.9): Surface terrain represented by a mesh of cells, ref (13).

The highest resolution DEM data is being praduced by local mapping efforts with cell

sizes of 10 m or smaller.
2.6 Relation between erosion, remote sensing and GIS

The potential utility of remotely sensed data in the form of aerial photographs and
satellite sensors data has been well recognized in mapping and assessing landscape
sttributes controlling soil erosion, such as physiography. soils, land use/land cover, reliel,
soil erosion paltemn. Remote Sensing can facilitate studying the factors enhancing the
process, such as soil type, slope gradient, drainage, geology and land cover. Mulli-
wmporal satellite images provide valuable information related to seasonal land use
dynamics.

Satellite data can he used for studying erosional features, such as gullies, rainfall
imterceplion by vegetation and vegetation cover factor. MEM (Digital Flevation Model)
sme of the vital inputs required for soil erosion modeling can be created by analysis of

sereoscapic uptical and microwave (SAR) remnte sensing data.

Geographic Information System (GIS) has emerged as a powerful tool for handling
watial and non-spalial geo-referenced data for preparation and visualization of input and
sesput. and for interaction with models. There is considerable potential for the use of GIS
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technology as an aid to the svil erosion inventory with refercnce to soil erosion modeling

and erosion risk assessment,

Ihe availability of GIS tools and more powerful computing facilities makes il possible to
avercome dilficuities and limitations and to develop distributed water and wind induced
Soil Erosion Assessment and Monitoring.
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CHAPTER THREE
EROSION MODEL AND USLE

This chapter deseribes the erosion definition and relation with GIS, it covers the
following items:

3.1 EROSION DEFINITION

12 MODELING EROSION PROBLEM WITH GIS

3.3 IMPORTANCE OF ESTIMATING EROSION AMOUNT

3.4 EROSION EQUATION

3.5 EROSION MODEL AND USLE
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CHAPTER THREE
EROSION MODEL AND USLE

3.1 Erosion definition

Soil erosion is one form of suil degradation along with soil compaction, low organic
matter, and loss of soil structure, poor internal drainage, and soil acidity problems, These
lorms of soil degradation, serious in themselves, usually contribute o accelerated soil

erosion,

Soil erosion is a naturally occurring process on all land. The agents of soil erosion are

water and wind, each contributing a significant amount of soil loss cach yeur,

Soil erosion may be a slow pracess that continues relatively unnoticed, or it may occur al
an alarming rate causing serivus loss of topsoil. The loss of soil from farmland may be
reflected in reduced crop production potential, lower surface water quality and damaged
drainage networks, figure (3.1)

Figure (3.1): Frosion sample, ref (7).
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3.1.1 Erosion by water

The rate and magnitude of soil erosion by water is controlled by the following factors:
1, Rainfall intensity and runoff

Both rainfall and runoff factors must be considered in assessing 8 water crosion problem.
The impact of raindrops on the soil surface can break down soil aggregules and disperse
the apgregate material figure (3.2). Lighter aggrepate materials such as very fine sand,
silt, clay and organic matter can be easily removed by the raindrop splash and runoff
waler; greater raindrop energy or runoff amounts might be required o move the larger
sand and gravel particles.

¥ Raindrops

w7y

Flowinguater

Figure (3.2): Erosion by water, ref (11).

Soil movement by rainfall (raindrop splash) is usually greatest and mast noticeable
during short-duration, high-intensity thunderstorms. Although the erosion caused by
long-lasting and less-intense Storms is not as spectacular or noticeable as thal produced
during thunderstorms, the amount of soil loss can be significant, especially when
compounded over time. Runoff can oweur whenever there is excess water on a slope that
cannot he absorbed into the soil or trapped on the surfisce. The amount of runoff’ can be
nereased if infilcation is reduced due to soil compaction, crusting or freezing, Runoff
som the agricultural land may be greatest during spring months when the soils are

wsually saturated, snow is me Iting and vegetative cover is minimal.
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2. Soil erodibility

Swil erodibility is an estimate of the ability of soils 1o resist erosion, based on the physical
characteristics of cach soil. Generally, soils with faster infiltration rates, higher levels of
organic matter and improved soil structure have a preater resistance to erosion. Sand,
sandy loam and loam textured soils tend to be less erodible than silt, very fine sand, and
certain clay textured soils.

Tillage and cropping practices which lower svil organic matter levels, cause poor soil
structure, and result of compacted contribute to increases in soil erodibility, Decreased
infiltration and increased runoff can be a result of compacted subsurface soil layers. A
decrease in infiltration can also be caused by a formation of a soil crust, which tends to
seal the surface. On some sites, a soil crust might decrease the amount of soil loss from
sheet or rain splash erosion. however. a corresponding inerease in the amount of runoft

water can contribute to greater rill erusion problems,

Past erosion has an effect on soils erodibility for a number of reasons. Many exposed
subsurface soils on eroded sites tend to be more erodible than the original svils were,
because of their poorer structure and lower organic matter, The lower nutrient levels
often associated with subsuil’s contribute to lower crop yields and generally poorer crop

cover, which in turn provides less crop protection for the soil,

3. Slope gradient and length

Saturally, the steeper the slope of a ficld, the greater the amount of soil loss from crosion
&y water. Soil erosion by water also increases as the slope length increases due to the
greater accumulation of runolll Consolidation of small fields into Jarger ones ofien resulls
= longer slope lengths with increased erosion potential, due to increased velocity of

water which permits a greater degree of scouring (carrving capacity for sediment).
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4. Vegetation

Soil erosion potential is increased if the soil has no or very little vegetative cover of
plants and/or crop residues, Plant and residue cover protects the soil from raindrop impact
and splash, tends to slow down the movement ol surface runolT and allows excess surfiace

water to infilirate,

The erusion-reducing cffectiveness of plant and/ar residue covers depends on the Lype.
extent and quantity of cover. Vegetation and residue combinations that completely cover
the soil. and which intercept all falling raindrops at and close to the surface and the most
afficient in comtrolling soil (e.g. forests, poranent grasses). Partially incorporated
residues and residual roots are also important as these provide channels that allow surface

water 1o move into the soil.

The effectiveness of any crop, management system of protective cover also depends on
how much protection is available at various periods during the year, relative 10 the
smount of erosive rainfall that falls during these pericds. In this respect, crops which
provide a foad, protective cover for @ major portion of the year (for example, allalfa or
winter cover crops) can reduce erosion much more than can craps which leave the soil
bare for a longer period of time (e.g. row erops) and particularly during periods of high
erosive tainfall (spring and summer). However, mast of the erosion on annual row crop
tand can be reduced by leaving 8 residue cover greater than 10% after harvest and over
e winter months, or by inter-seeding a forage crop (e.g. red clover).

Sail erosion potential is affected by tillage operations, depending on the depth, direction
snd timing of plowing, the type of tillage equipment and the number of passes.

Generally, the less the disturbance ol vepetation or residue cover at or near the surface,
e more effective the tillage practice in reducing erosion.

£ Conservation measures

Certain canservation measures ean reduce soil crosion by both water and wind. Tillage

wd cropping practices. as well a land management practices, directly affect the overall
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soil erosion problem and solutions on a farm. When crop rotations or changing Lillage
practices are not enough to control erosion on a field, a combination of approaches or
more extreme measures might be neccssary. For example. contour plowing, strip

cropping, or terracing may be considered.

3.1.2 Erosion by wind

I'he rate and mapnitude of soil erosion by wind is controlled by the following factors,
figure (3.3):

I. Erodibility of svil

Very fine particles can he suspended by the wind and then transported great distances.
Fine and medium size particles can be lifted and depasited, while coarse particles can be
blown along the surface (commonly known as the saltation effect). The sbrasion that

results can reduce soil particle size and further increase the soil erodibility,

1. Soil surface roughness

Soil surfaces that are not rough or ridged offer little resistance to the wind. However,
over time, ridges can be filled in and the roughness broken down by sbrusion to produce
2 smoother surface susceptible to the wind. Exeess tillage can contribute to soil structure
“reakdown and increased erasian.

3 Climate

The speed and duration of the wind have direct relationship o the extent of soil erosion.

Soil moisture levels can be very low at the surface of excessively drained soils or during

seniods of drought, thus releasing the particles for transport by wind. This effeet also

wecurs in freeze drying of the surface during winter months,

4 Unsheltered distance

The lack of windbreaks (trees, shrubs. residue, etc.) allows the wind to put soil particles
== motion for greater distances Lhus increasing the abrasion and soil erosion. Knolls are
wseally cxposed and suffer the mosL
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5. Vegetative cover

The lack of permanent vegetation eaver s certain locations has resulted in cxtensive
erosion by wind. Loose, dry, bare soil is the most susceptible; however, crops that
produce low levels of residue also may not provide enough resistance. As well, crops that

produce a lot of residug also may not protect the soil in severe cases.

The most cffective vegelative COver for protection should include an adoquate nerwork of

living windbreaks com bined with good tillage. residue management, and ¢rop selection.

Figure (3.3): Erosion by wind, ref (6).

! 3 Spil chrematistics and productivity

T understand the effect of soil characteristics and erosion on soil productivity, producers
weed 1o understand soil properties. Long-term effects of soil erosion on productivity can

s measured by changes in three snil profile properties:
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1. ‘'Topsoil thickness:
2. Rooting depth, which relates to plant-available water capacity; and
3. Depth to maximum clay content in the soil profile.

1. Topsoil thickness

‘The vertical ctoss section of soil (soil profile) is divided into three parts: topsoil (A-
herizon), subsoil (B-horizon). and parent material (C-horizon). Topsoil is penerally
enriched with arganic matter and has granular aggregates that provide larger soil pores,
reduce soil density, and enhance water infiltration and aeration. When topsoil is croded,
vield suffirs due to nutrient loss and damage to soil physical properties. The loss of
topsoil and its impact on yield are more pronounced on soils with steep slopes.

2. Rooting depth

As crops marure, roots extend through the topsoil layer into the subsoil, seeking available
water und nutrients. Subsoil propertics, such as coarse sand and gravel, shallow depth to
hedrock, soil densitics greater than 1.65 grams per cubic centimeter, and clay conlent in
excess of 42 percent, can limit root elongation and development and thereby impact
vield. Thin topsoil™s mean lower organic matter content, lew water holding capacily. and
less rooting depth, Textural distrihution within the soil profile also determines how much
plant-gvailable water is present. Soils with coarse textures tend to drain water mare
quickly, whereas soils with fine textures hold water too tightly for roots, Peor drainage
ocenrs in medium-textured as well as fine-lexiured soils on concave landforms, and. n
the ahsence of an artificial drainape system. oot development is uffected because of the
lack of uxygen.

3. Depth to maximum clay content in soil the profile

Clay particies tend to accumulate below the topsoil due to the leaching. When topsoil has
roded., the loss of organic matter can alter the soil’s physical properties. especially soil
density. Higher clay content at the surface can reduce infiltration of topsoil reducing soil

racharge, thus reducing water availability to the plants.
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3.2 Modeling erosion problem with GIs

(Geographic Information Systems (GIS) have hecome the promising tool for an effective
analysis associated with the study of natural hazards, GIS is an ideul tool for erosion
modeling owing to its versatility in handling & large set of data, providing an eflicient
environment for analysis and display of results with its powerful set of tools for
collecting, storing, retrieving, transforming and displaying spatial data from the real

world.

In this project, we will be able to demonstrate the ability of the GIS to incorporate the

spatially varying data of ground clevation, soil properties, etc.
3.3 Importance of estimating crosion amount

What's the deep of vur prablem? What's the effect on our economic activity?, Estimating

the amount of erosion can give us the real situation for our soil, Erosion reduces the

productivity of many soils by affecting the soil properties and depth,

This reduction is substantial and long-lasting, and can not be reversed over a lifetime,
even with conservation management, low intensity use or high fertility amendments. The
most important yield-limiting effect ol erosion is probably the decrease in plant available

water holding capacity.

The soil fertility status may be significantly decreased by erosion but can be replenished
&+ additions of lime and fertilizer. although with greater expense and lower elliciency
% for uncroded soil. The overall effect of erosion is an economic loss which

secumulates with ime as erosion conLinues.
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3.4 Erosion cquations

A number of equation have been used to estimate the amount of soil erosion , these can

he summarized as :
1-USLE {Universal Soil Loss Eguation)

USLE developed by W. Wischmeier and 1. Smith, has been the most widely accepled
and utilized soil loss equation for over 30 years. Designed as o method to predict average
annual soil loss caused by sheet and rill erosion, the USLE is often criticized for its lack
of applications. While it can eslimate long - term annual soil loss and guide
conservationists on proper cropping, management. and conscrvation practices, it can nol
be applied to a specific year or a specific storm. The USLE is mature technology and

snhancements Lo it are limited by the simple equation structure,

The USLF for estimating average annual soil erosion is:
4 = RKLSCP
Where:

A = average annual soil loss in Ua (tons per acre)

& = rainfall erosivity index {mm / year).

K = soil erndibility factor.

LS = topographic factor - 1 is for slope length & § is for slope (mm).
€ = cropping factor.

P = gonservation practice factor.

3-CREAMS (A field Scule model for Chemicals, Runoff, and Erosion from
Agricultural Management Systems)

Is 2 field scale model for predicting runoff, erusion, and chemical transport from
sgricultural management systems. It is applicable to feld-sized areas. CREAMS can

sperate on individual storms but can also predict long term averages (2-50 years).
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3- EPIC (Erosion/Productivity Impuct Caleulator)

is used to determine the relationship between coil erosion and soil productivity. It
caleulates the loss of crop vield due o soil erosion and other factors. EPIC is a
continuous simulation model, and uses a set of modified USLE functions to prediet

arosion.

4 ANSWERS (Arial Nonpoint Source Watershed Environment Responsc
Simulator)

Simulates the behavior of warersheds on agricultural land, Tr predicts the erosion caused
by specific land uses and management practices and also provides a ‘water quality
analysis associated with sediment associated chemicals. ANSWERS is event based - il is
primarily limited to a single storm. The crosion component in ANSWERS is very similar
1o that in the CREAMS madel.

5. The AGNPS (Agricultural Nonpoint Source Pollution Model)

Model was developed for the analysis of nonpoint source pollution from agricultural
Felds, It estimates the quality of surface water runofl and compares it to the expected
quality of other land management sirategies. AGNPS is a single event hased model.
though continuous simulated versions are under development. AGNPS uscs a set of

modified USLE equations in ils erosion component,
3.5 Erosion model and USLE

The Universal Soil Loss Equation (1/SLE) predicts the long lerm average anmual rate ol
erosion on a ficld slope based on rainfall pattern, soil type, topography. crop system and

management practices.

USLLE only predicts the amount of soil loss that results from sheet or rill erosion on a
single slope and does not account for additional soil losses that might occur from gully,
wind ar tillage erasion. This erosion model was created for use in selected cropping and
management systems, but is also applicable 10 non-agricultural conditions such as

construction sites.
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The USLE can be used to compare soil losses from a particular field with & specific crop
and management system 1o "tolerable soil loss” rates. Alternative management and crop
systems may also be evaluated w determine lhe adequacy of conservation measures in
farm planning.

Five major factors are uscd to caleulate the soil loss for a given site. Each factor is the
aumerical estimate of a specific condition that affects the severity ol soil erosion al a
particular location. The erosion values reflected by these factors can vary considerably
due to varying weather conditions. Therefore, the values obtained from the USLE more

sccurately represent long-term averages.

The gencral formula for Universal Soil Loss Equation (USLE) is :

A=-RxKxISxCxP

Where, (A) represents the polential long term avenige annual soil loss in tons per acre per
ear. This is the amount, which is compared to the "tolerzble soil loss” limits.

25 1 Ramnfull Estimation (R)

e rainfall factor, B, accounts for the potential of falling rain drops and flawing walcr in
% particular area to produce erosion. Cumulative effects of all yearly storms above &
emain intensity and duration make up this numerical value. As the energy of a storm
seases, the potential for more soil particles 10 detach increases. Runoff also increases
imtensity and duration of storms, thereby increasing erosion potential. Al present
can be done to change the amount, distribution, and intensity of mainfall, but

=s can be adopted to limit its effect on erosion.

example, vegetative soil cover can reduce the effect of raindrop impact on Lhe soil

e velocity of runoff.
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3.5.2 Soil Erodibility (K)

The soil erodibility factor, K, depends upon soil texture, structure and permeability, Silt
and very fine sand are the most ¢asily ereded soil particles so soil textures dominated by
these separate classes have the highesl erodibility. Ageregated soils are less erodible
hecause soil particles which are bound together resist erosion by virtue of their greater
aggregate mass, Highly permeable soils are less subject ta soil erosion because a greater
sroportion of rainfall seeps into the ground and, thercfore, less runo (T ocours.

3.5.3 Soil Length Gradient Factor (LS)

The topographic factor, LS, is divided into two components: S is the slope grade (drop in
elevation/slope length) expressed as a %;: and 1. is the length of the slope. Slope grade
affects mainly the speed of runoff. Slope length affects mainly the amount of runoff,
<ince runofl is cumulative, In assessing the effects of slope length it 1s necessary (0 take
into account the total length of the slope over which runofl oceurs, not just the length of

the field in question.

3.5.4 Cropping and Management (C)

Ihe cropping management factor, C. represents the ratio of soil loss from land wath
specific cropping and management to that from tilled and fallow conditions an which the
& factor is evaluated. The C factor, also called the cover and management factor, varies
setween zero and unity (1), and depends on type of vegelation cover, crup season, and
wther management techniques, ref (7).
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1.5.5 Conservation Prachees (P)

The conservation practice factar, P. is used o account for the positive impacts of such
agricultural management practices as planting on the contour, strip cropping, and use of

Terraces.

P is the support practice factor, it rcflects the effects of practices that will reduce the
amount and rate of the water runoff and thus reduce the amount ol erosion. The P faclor
represents the ratio of soil loss by a support practice to that of straighl-row farming up
and down the slope. The most commonly used supporting cropland practices are cross

slope cultivation, contour farming and strip-cropping.

3.5.6 Soil Loss Tolerance Rate

A talerable zoil loss iz the maximum annual amount of soil. which can be removed before

the long term natural soil productivity is adversely affected. The impact of erosion on a

given soil type, and hence the tolerance level varies. depending on the type and depth of

soil. Generally, soils with deep, uniform, stone free topsoil materials and/or not
previously eroded have been assumed to have a higher tolerance limit than soils which

are shailow or previously eroded. Soil loss tolerance rates are included in Rates.
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CHAPTER FOUR
DATA PREPARATION AND ANALYSIS

This chapter describes the field, sampling procedure, soil lab test and preparation of

soil, land use and rain full map, it covers the following items:

4.1 FILED Samples

42 SOIL TEXTURE (SIEVE ANALYSIS).
4.3 SOIL TEXTURE TRIANGEL

4.4 MEASUERMENT OF INFILTRATION
4.5 SOIL MOISTURE

4.6 ORGANIC MATTER

4.7 CONTOUR MAP

48 LAND USE MAP

4.9 SOIL MAP

4,10 RAINFALL MAP
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CHAPTER FOUR
DATA PREPARATION AND ANALYSES

4.1 Field samples

30 soil samples have been collected from the feld. At least one sample have been
collected for each soil association, figure (4.1).

Figure (4.1): location Snil samples
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Table (4.1) shows the coordinates of the soil samples:

Tahle (4.1): Coordinate of soil samples.

Seil texture (Sieve analysis).

analysis is a practice or procedure used to ussess the particle size distribution of a
materinl, The size distribution is ofien of critical importance to the way the

“al performs in use. It can be used for any type of nen-organic or organic granular
materials including sands, clays, granite, feldspars, coal, soil, and a wide range of

crured powders.

142 shows the standard sieve gizes;
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Table (4.2): Standard sicye sizes

sieve number Opening Size (mm)
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Table (4.3) shows the calculation for one sample by using sieve analysis.

Table (4.3): Sieve unalyses for one sample:

samole coordinals
(GANO0-148000)

All other calculations are shown in appendix.

4.3 Soil texture triangle.

A soil texture triangle, figure (4.3), is used to classify the texture class of a soil. The
sides of the soil texture triangle are scaled for the percentages of sund, sill. and ¢lay. Clay
percentages are read from left to right across the triangle (dashed lines). Silt is read from
the upper right 1o lower lefi (light, dotted lines). Sand from lower right towards the upper
iefi portion of the triangle (bold, solid lines). The boundaries of the soil texture classes
are highlighted in bluc. The intersection of the three sizes on the triangle gives Ihe lexture
siass. For instance, if you have a soil with 20% clay, 60% silt, and 20% sand it falls in the

“silt loam" class. figure (4.3).

7
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Figure (4.2): Soil sample picture.
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Figure (4.3): Soil texture triangle
= of the leak of sieve number 325 and 400, the soil association published by maher

i and wael awadallah (2003, is used to identify the type ol the soil texture lable
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Table (4.4): Soil association published by maher owaiwi and wael awadalluh, ref

(10).

Soil Type Texture
Brown Lithosols and Loessial Arid Brown Soils Loamy
Brown Rendzinas and Pale Rendzinas Silt clay
Dark Brown Soils Sand
Terra Rossas, Brown Rendzinas and Pale Rendzinas Silt clay
Bare Rocks and Desert Lithosols Silt clay
Brown Lithosals and Loessial Serozems Sand clay

Table (4.5) shows the soil texture for each soil sample, The soil texture for each field
sample is determined using GIS overlay technigue between soil sample shape lile and

the soil as assaciation shapefile.

Table (4.5): Soil texture

No. Coordinate Tvpe No. Coordinute Type
O soil sample Of soil sample

I (106000,160000) Silt clay 16 (94000,157000) Silt clay

2 (106000.163000) sand I7 (94000,160000) sand

3 (103000,160000) Siltclay 18 (91000,145000) sand

4 (103000,163000) sand 19 (91000,148000) Sil clay

5 (100000,160000) Silt clay 00 (91000,151000) sand

& (100000, 157000)  sand 21 (91000,154000) sand
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CHAPTER FOUR
e

(91000,157000) Silt clay

s (100000,154000) sand 22

g (97000.151000) sand 13 (91000,160000) Siltclay
9 (37000,154000) Silt clay 24 (asmnﬁlai‘zm’.-ﬁj Loamy
W (97000,157000)  sand 35 (88000,145000) Loamy
1 (97000,160000) Qilt clay 26 (8%000,148000) sand

(2 (97000,163000) Silt clay 27 (88000,151000) Siltclay
13 (94000,148000) sand 25 (88000,154000) sand
14 (94000,151000)  Siltclay 39 (88000,157000) Siltclay
(= (94000,154000)  Silclay 50 (88000,160000) sand

4.4 Measurement of Infiltration

4 4.1 Introduction

of caichments characteristics i< the infiltration rate which is

One of the most important
asured by the depth in (mm]) of the water layer

helped to classify the soil, Tt is usually me

shat can he entered the soils in ane hour {mn/hr).

Initial infiltration rote described dry soil where the water infilirates rabidly. Al the same

sme water replaces (he air in the pores, and the water infiltrate hecome slowly and

rate which is called the basic infil

of the soil particles) control the

= entually reaches a steady iration rate. The size of soil

particles (il texwre] and soil structure (the arrangement

—=filtration Talc.
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Figure (4.4): Infiltrometer test.

A double ring Infiltrometer is often used for measuring infiltration characteristics in the

field. but the measurements using this are time consuming and tedious, especially when

<everal tests are to he monitored at a sile. This is because the Infiltrometer in its present
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form requires continuous attention and therefore limits the number of tests that can be

monitored at a site in & given time.

Two concentrie rings: 'wo concentric ring (double ring Infilirometer) made of mild sweel

and consisting ol an outer ring of 60 ¢m diameter. Morcover, inner rings of 30 c¢m

diameter as shown in figure (4.5).

Will use to measure the infiltration rates. The purpose of the outer ring is to eliminate the
Interal spread of the water in the soil. Constant level ol water should be maintained in
both rings and then can be determined how long 1t will take to infiltrate a certain amoumt

of water which is the infiltration rate.

12 cm above soil surface

15 om Into the soll

Figure (4.5): Double Ring Infiltrometer

4.4.3 Test Methodology
(2) Equipment required
1- Shavel / hoe.

2. Hammer (2 kg).
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3- Watch or clock.
4- 5 liter huckels.

5- Al least 100 liters of water.

6- Ring infiltrometer of 30 cm inner diameter and 60 ¢m outer diameter, Instead  of
the outer eylinder, a bund could be made to prevent lateral waler flow.

7- Measuring rod graduated in mm (e.g, 300 mm ruler).

(b) Method of work

The following steps show how to carry out the experiment of infiltration

measurements in the ficld,

|- Hammer the 30 cm diameter ring at least 15 em into the soil. Use the timber 10
protect the ring from damage during hammering, Keep the side of the ring vertcal
and drive the measuring rod into the soil so that approximately 12 em is left above

the ground.
7. Hammer the 60 cm ring into the soil or consiruct an earth bund around the 30 tm

ring to the same height as the 30 cm ring .
3. Start the test by pouring water into the inner ring until the depth is approximately
70-100 mm. At the same time, add water in the space between the two rings or the

ring and the bund Lo the same depth. Do this quickly.

The water in the bund or within the two rings to prevent a lateral spread of water

from the infiltromerer,

Record the clock time when the test begins and note the water level.
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6- Afler 1-2 minutes, record the drop in water level in the inner ring on the
measuring rod and add water o bring the level back ta approximately the priginal
level at the start of the test. Record the water level. Maintain the water level
outside the ring similar to the level inside.

Continue the test until the drop in water level is the same over the same time
interval. Take reading frequently (2.2 every 1-2 minutes) at the beginning of the
test, bul extend the interval between readings as the time foes on (e.g. every 20-30

minules).

Table (4.6) shows the results of infiltration rate test for the different soils samples by

locations.

Table (4.6): Infiltration table:

Conrdinate Infiltrution No. coordinate Infileration

Of soil snmple  rate(fmm/hour) rate(mm/hour)
(106000, 160000) a7 (94000, 1 $7000) 28
(106000,163000) 26 (94000,160000) k3|
(103000, 160000} 4] (21000.145000) 19

(91000.148000) e

(103000,163000) 21

(100000.160000) 43 (21000,151000) 23

( 100000.157000) 22

(100000,154000)
(97000.151000)
(97000,154000)

(97000,157000)

{91000,154000) 23

(91000,157000)
(21000, 160000)
(88000, 142000)

(88000, 145000)
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11 (97000.160000) 42 26 (88000,148000) 23
12 (97600.163000) 19 27 (88000,151000) 2
13 (94000148000 49 28 (88000.154000) 19
4 (94000,151000) 37 29 (88000,157000) 23
15 (94000.154000) 3 30 (8RO0D, 160000) 28

4.5 Soil moisture

Soil moisture can be estimated by butting the sample in fumace at (150 C") the difference
in the weight is the sail moisture. table (4.7) shows the calculations proeedure for soil
moisture:

Table (4.7): Soil moisture.

TEST BOTTLE BOTTLE BOTTLE LOSS BOTTLE DRY MOISTURE COCRDINATE

NO NO AND AND EMPTY WEIGHT CONTENT OF SOIL
WET DRY % SAMPLE
1 BS 17375 416953 422 3123 13810 3.08 (31000-151000)
2 3 17785 17385 420 3146 14218 295 (94000-154000)
3 E6 20146 19182 864 3166 160.16 6.02 {BA000-142000)
4 A2 23550 22672 878 3189 194,83 451 {BB000-15700C)
5 14 19876 187.86 180 3080 16716 1.08 (108000-80000)
5 E20 20027 20545 382 2753 177.92 2.15 (91000-157000)
7 11 20270 19848 422 26862 17188 2.45 (84000-151000)
8 815 21263 20520 743 3149 17371 4,28 (91000-160000)
@ 180 20283 18701 1582 3156 15545 10 24 (81000-148000)
10 E20 184.62 17847 1635 3088 14781 11.08 (81000-145000)
11 E2 20050 21875 075 3138 18837 0.40 (88000-154000)
i2 B 236 .30 231,20 £.01 < b ] 20014 280 [B8000-145000)
13 40 17589 172.84 305 3228 14066 217 (88000-151000)
14 5 20489 19085 1414 2948  161.39 .78 (21000-154000)
15 B14 16866 16645 220 2694 13852 1.58 (BBO00-160000)
16 03 95046 24522 524 3082 21440 244 (BBOOD-148000)
e ——————— ""‘“"‘_'; —
SRR ERE L |

sl bnelric Hnhvgd ity
‘rel}

i Al el | — —‘

|
® e L il
[;I;_L.n..s,.-. | 1\\ 1L.\|EJI o i
’;I e . ...-I._. _I,rf
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17 D13 18769 9.31 36 2185 16746 5.32 {84000-157000)
18 D18 78. i ; 3075 18616 : (84000-150000)
19 BY i i 31.28 118.39 (103000-83000)
o7 96 : ; 1.8 15877 . (103000-80000)

E17 86,9 308 134 41 (100000-57000)

31.86 144 37 : (§7000-151000)

as : : . G oo 3163 168817 L {100000-54000)

3176 174.03 ; (100000-80000)

co 13.3 3231 181.08 24 97000-154000)
T 127.45 ; (87000-157000)

288 17387 (87000-160000)

ans7T 16312 9 {54000-148000)

3165 15348 6,83 {87000, 163000)

2014 16874 2. (105000-53000)

4.6 Organic matter

In this of test the samples are burn at (400 "), and then the difference in the weight is the
organic content, tahle (4.8), illustrate the procedure of calculating the organic content:

Table (4.8): Organic matter.

Coordinate Sample Sample Organic
of soil sample weight after burn  content
g g g
(106000,160000) 118.2 116 22
(106000, 163000) 129.7 126 27
(103000,160000) 120.5 118 25
(103000, 163000) 06 UL 2
(100000,160000) 109.3 108 1.3
(100000.157000) 122 120 2
(1000040,154000) 134.1 130 4.1
(97000, 151000) 102.2 100 22
(97000,154000) |28.5 126 25
(97000,157000) 1263 124 23
(97000, 160000) 143.7 140 a7

—E -l - Rl

—
d—h
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12 (97000.163000) 105.2 102 a2 3%

13 (94000,148000) 124.7 120 a7 4%

14 (94000,151000) 103.6 100 38 3%

13 (94000.154000) 134 130 4 3%

16 (94000,157000) 126 122 4 3%

17 (94000,160000) 121.4 118 2.4 3%

18 (91000,145000) 1338 132 18 1%

19 (91000, 148000) 127.5 124 35 1%

20 (91000.151000) 118.8 |16 28 2%

21 (91000,154000) 99.35 96 335 3%

22 (91000,157000) 104.5 102 25 2%

23 (91000,160000) 114.2 L0 42 2%

24 (8R000,142000) 104.4 100 44 &%

25 (88000, 145000) 133.7 128.7 5 4%

26 (88000, 148000) 110.5 108 25 2%

' 27 (RRBO00,151000) 118.7 16 27 2%
28 (BB0OO0, 1540007 144.6 1443 03 0%

| 2 (88000, 157000) 123 118 5 4%
30 (83000, 16000¢) 145 144 | 1%

4.7 Contour Map

A contour lines map with 5m contour for West Bank interval is available at the (GIS) lab

l of Palestine Polvtechnic University. The map is clipped to the houndary of the Hebron
districted is used to penerate the Digital Elevation Model (DEM) of the study arca .This

Ii (DEM), is used o calculate the (L.S) factor of (USLE), figure (4.6), shows the contour

' map:

51
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i Contarstp -~

Figure (4.6): Hehron District contour map.
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4.8 Land use Map

This map is clipped from the available land map at the GIS lab of Palestine Polytechnic
University. The clipped map is used to caleulate the (C) factor at (L'SLE). figure (4.7).

{ wnbar 2hp =
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; 1087 it

1332 LBET

1710, 20T

133 e
TREd- 1933
FEEN T
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Figure (4.7), land use map

A% Soil Map

4 == association map of the study area i digitized from a soil associalion published by
e owaiwi and wael awadallah (2003).

s map is important to calculate the (K} factor of USLE where the s0il texture and the

sent of organic matter is determined, figure (4.8).
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Figure (4.8). Soil map

4.10 Rainfall Map

4 Rainfall map is digitized from rainfall map published by maher owaiwi and wael
swadallah, 2005, This map is important 10 calculate the(R) factor of USLE, figure (4.9).
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o RainFalshg
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Figure (4.9). Rainfall map
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CHAPTER FIVE
ESTIMATION OF USLE FACTORS FOR HEBRON
AREA

CATCHMENTS

illustrates the pru-tedm.tul:d to estimate th

This chapter
dy area, this chapter covers the

describes the Soil Erosion Risk Map for the stu

following Items:

< 1 RAINFALL RUNOFF EROSIVITY FACTOR (R).
52 SOIL LENGTH GRADIENT FACTOR (LS).

53 SOIL ERODIBILITY (K).

§.4 CONSERVATION PRACTICES (P).

2.5 CROPPING AND MANAGEMENT (C).
2.6 THE USLE FACTORS FOR HEBRON CA
< 7 FINAL USLE EROSION RISK MAP FOR

58T VALUE.
59 MANAGEM

TCHMENT AREA.
HEBRON CATCHMENT AREA.

ENT STRATEGIES TO REDUCE SOIL LOSSES.
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CHAPTER FIVE
ESTIMATION OF USLE FACTORS FOR HEBRON
CATCHMENTS AREA

5.1 Rainfall-Runoff erosivity factor (R).

Erasion is caused both by the energy of infall itself, and by overland flow runoff. The
cainfall-runoff erosivity factor “R” estimates the erosive forces of ruinfall and is
associated runoff, and is directly related to the intensity and depth of rainfall. To calculate
cainfall-runoff erodibility factars we will use the following equation :

R =3.85+0.35(P)
Where, R = rainfall-runoff erodibility,

P = Average annual rainfall (mm/yr).

Rainfall data from different metrological stations distributed all aver Hebron District s
used to caleulate the (R) factor. Table (5.1) shows a sample of rainfall sheet obtained
{rom Hebron station, also a digitized Rainfall map of & rainfull map published by maher
owaiwi and wael awadallah is used, figure (5.9).

Table (5.1): Total monthly rainfall for Hebron station (mm), season (2005/2006).

Day Manth
Sap Oct Mov Dec Jan Fsb Mar Apr May Jun Jul Aug

1

2 el 2
3 248 6.5
4 3086 ne s
5 78

B 445 12

7 11.3 26.6

8 8.2 323 02

9 25 164

ST
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10 174
bl | D3 10.5

12 10 548
13 0.7

18 6.1

17 47

18 14 1

18 EE

20 14 1

22 266

5 B28

24 16.6 o7
25 B2

27 47

8 (1]
29 33
30

Totsal 0 42 211 497 183 1182 49 127 c 0 0 [
Y-Total 508

3.2 Soil Length gradient factor (LS).

Both the length and steepness of a slope influence soil erosion and need 1o be part of the
topographic factor (LS). The relationship of erosion 1o slope steepuess is hest defined by
& quadratic equation:

Erosion = a{clope)’ + bislape) + ¢ (where a, b, and ¢ are conslanis).
And in other form it can be presented by the next formula:

1S = (1(D.065+0.045%8+0,0065*8°2))"0.5)/22. 13
When [ is slope length in meter and § slope steepness in percent,

E Y 4
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By using this equation and a contour map we will be able to estimate (LS) factor,

5.3 Soil erodibility (K).

(K) is the soil erodibility factor. (sce table (5.2), K Factor data), It is the average soil loss
i toms per unit area for a particular soils type. continuous fallow with an arbitrarily
selected slope length of 22.13 m. and slope steepness of 996, K is a measure of the
susceptibility of soil particles to detachment and transport by rainfall and runoff. Texiure
is the principal factor affecting K, but structure, organic matter and permeability also

contribute.
Table (5.2): K Factor Data, ref (4).
~ Percent of organic matter
Textural Class Avarape Less than 2 % More than 2 %

Clay 0.22 0.24 0.21
Clay Loam (.30 0.33 0.28
Coarse Sandy Loam (.07 - 0.07
Fine Sand 0.08 0.09 0.06
Fine Sandy Loam 0.18 0.22 0.17
Heavy Clay 0.17 0.19 0.15
Loam 0.30 0.34 0.26
Leamy Fine Sand 011 0.15 0.09
Loamy Band 0,04 0.05 0.04
Loamy Very Fina 0.39 0.44 0.25

sand
Band 0.02 (.03 f.al
Sandy Clay Loam 0.20 = 0.20
Sandy Loam 0.13 0.14 0.12
Siit Loam 0.38 0.41 0.37
Silty Clay 0.26 0.27 0.26
Silty Clay Loam 0.32 (.35 0.30

—
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Very Fine Sand 0.43 0.46 0.37
Very Fine Sandy 035 0.41 0.33

Soil map for Hebron catchments area is prepared by digitizing exiting soil map with scale
1:250000 see section (4.9). An intensive field sampling of soil sample is conducted to
identify the soil class texture and infiltration rate, moisture content and organic matier

percent.

5,4 Conservation practices (P)

Factor P represents soil conservation practices that essentially slow the runoff water and
thus reduce the amount of soil it can carry , and it depend on the soil type , texture and
farming way .

Table (5.3); shows relation between land use pallerns and their most common P code
values, waniehista and yousef (1993).

Tuble (5.3): P Factor, ref (14)
8 Land Use Code P
_ Cropland 0.3
Forest | ]
Pasture 1
Lrban 1 B

3.5 Cropping and management (C)

The values of C factor for use in rational formula are given by wanichista and yousef

(1995) and are given in table (5.4).
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Table (5.4): C Factor, ref (14)

Land Use Code C
Crop land 0.08
| Forest land 0.005 =
Pasture land 0.01
Urban land 1
Bare Rock 1
| Water 0

32).

O AMeib s ol Penamount shiy

5.6.1 Rainfull-Runoff erosivity factor (R)

Z Finld Culculnlinn

5.6 Estimate of USLE factors for Hebron catchment area

Figure (5.1) shows the caleulation of R factor using the Field Calculator tool in (ArcView

Figure (5.1): Calculation of R

factor using the Field Calculator Tool in ArcView 3.2,
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Figure (5.2): The raster rain map for Hebron catchment area,

5.6.2 Soil Length gradient factor (LS)

The LS factor can be estimated from the slope model which is in turn derived from DEM.

The procedure is as follow:

Make the DEM active, figure (5.3), select the Surface pull down menu as shown below

and select the Derive Slope option.
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Figure (5.4): Output map for slope.
The following equation is used to calculate the LS factor.

LS = (L{0.065+0.045*5+0.006 §#872)0.5122.13
When L is slope length in meter and S slope steepness in percent.

The following script shows how to estimate (LS) factor using the previous equation and

ArcView:
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(' Calculate Slope length of Slope Grid
'TanThita = Rise/Run
‘CosThita = Run/r 'R is the Diameter

Ve e s bkt L T T P T T T T T T LT T T — EhhhE
tF*t*ﬁt#‘#**!1*#*:‘1‘1##-#'

‘Constructing of Digital Elevation Model (DEM) and building the LS map

‘A Digital Elevation Map (DEM) will be

'wreated using the 3D Analyst Extension of ArcView, A slope degree grid mode] was
drive from the DEM.

‘And then calculate the slope length (L) and slope steepness (S) from the slope degree
arid model to produce the LS map.

'LS values will be computed from equation (1) (Margan, 1986):

LS = (L{0.065+0.045*S+0.0065*S"2)y*0.5)/22.13 (1
‘where, L is slope length in meter and § is slope steepness in percent (%).

theView = av.GetActiveDoe

" get active theme
1= theView.GetActiveThemes. Get(0)

turn grid or tin into slope grid
if (t.GetClass.GetClassName = "GTheme") then

g = 1.GetGrid
end

~check if output is ok

if (z.HasError) then
retum NIL

end

Grid.SetVerify(#GRID_VERIFY OFF)
= gint

if (g.isInteger) then ' beging of if

e buildVAT
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myvtab = g.getvtab

If (myVtab =nil)then
end
run = g.GetCellSize

my Vinb.seteditable( True)

N L L L T e T T T e P TR T P T T T P T T T PR PP P
SlengthF = Field Make{ "Slengh™ #FIELD CHAR. 15,0)

PSlopeF = Field.Make( "PSlope" #FIELD CHAR, 15,0)

LSF = Field Make( "LS" #FIELD_DOUBLE, 15,3 )

Fieldlist = {}
Ficldlist.add(SlengthF)
Fieldlist.add(PSlopeF)
Fieldlist.add(LSF)

SlenghtF = myViab.AddFields(Fieldlist)

ValueF = myVtab.FindField("Value")
L = myVtab.FindField("Slengh™)

s = my Viab.FindField("PSlope")

LS = myVtab.FindField("LS")

for each | in myviab
thila = myViab.RetumValue(ValueF i)
r =run / thila.AsRadizins.cos
Rise = run * thila. AsRadians.lan
PercentSlope = (Rise/Run) * 100

'Calculate LS
X = 0,0065 * (PercentSlope”2)
X1 =(0.045 * PercentSlope)
X2= (0.065 + X1+ X)
X3= (r* 205
LS Vallue =X3/22.13

myViab.SetValue( L, i, r.AsString )
my Viab.SetValue( 8, i, PerceniSlope. AsString )
myViab.SetValue( LS, 1, LS Vallue.As5tring )

Ty o e P e S e R LR L S e L L PR e L e AL L Lt
e e P T L LR e e a

end
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' Msgbox.info(mygCellsize. AsString," Value")
" check il output is ok

if (g.HasError) then

return NIL

end
¢ = SourceManager. PutDataSet(GRID,"", "maher”. AsTilename, TRUE)

' check for Cancel from dialog
il (r="NIL) then
return MNIL
end
g.Rename(r)
' greate a theme
othm = GTheme Make(g)

' set name of theme

" add theme to the specifiedView
the View.Add Theme(gthm}

end ‘'endofif )
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Figure (5.5), shows how to caleulate the (LS) factor using the previous seript in ArcView,
and figure (5.6). shows the output,

2 Ao View GIS 3.7
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Figure (5.5): Using ArcView (o caleulate (L8) factor.
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Figure (5.6): Resultant (LS) factar grid map.
56,3 Soil erodibility (K)

An intensive field sampling of soil sample is conducted o identify the soil class lexture,
infiltration, organic matter percent and moisture content. Analyses of field results shows
that the organic matler content of all seil types are more than 2% and the soil type are
cand, loam and silty clay. And using table (5.2}, the K factor is 0.26 for silty clay seil and

loam soil, and 0,01 for sandy soil. table (5.5), Figure (5.7) shows the spatial distribution
of the K factor in the study area.
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Tuble (5.5), Shows the characteristic of the different Soil Association groups.

Type Texture Texture code  Moisture Organic  Infiltration K
Yo Matter rate Fcator
Yo mm/hour
Brown rendzinas  Sity Clay 2 46 2mM 2r.at 0326
and pale
rendzinas
Brown renczines  Sity Clay - 14 200 aToe 026
and pale
rendzinas
Brown rendzinas  Sity Clay 2 1.1 2.00 3700 026
and pale
randzinas
Brown rendzinas  Sity Clay 2 49 2.00 3200 026
and pale
rendzinas
Telra rossas, Sity Clay 2 59 ity 2 3083 (26
brown revdzinas
and paie
randzinas
Dark brown soils  sand 1 11.0 3.00 3000 001
Dark brown soils  =and 1 11.0 300 anoe 001
Brown rendzinas  Sity Clay 2 B0 400 16.00 0.26
and pale
rendzings
Eroun lithosols loam 3 B0 4.0 15.00 Nn.26
=nd loessial

serozems

a0
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Figure (5.7): (K) factor.

5,6.4 Cropping and management (C)

Table (5.6) shows the Land 1lse patterns that arc expected o be found in Study area and
its correlation with wenielish and yousef (1993) suggested land use and C factor, while
figure (5.8) and figure (5.9) shows the spatial distribution of the (C) factor in the study

area as vector and raster, respectively.

T
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Table (5.6): C Factor

lr_La_nd Use in study area | Wanielista and Yousef | Code C
Land Use | !
Agriculture area | Crop land [ (.08 |
| Artificial surfaces | Urban land I _:'
(0.005+0.01)2=0.008 |

Forest and semi-natural ' Forest land, Pasture land
area

Figure (5.8). The spatial distribution of the C Factoy in the study area
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3.6.5 Conscrvation practices (P

The valoes of P for use in U 'GLE rational formula as given by Wanielista and Yousel
(19973), are given in the Table (5.3).Feor the study ared, the value of P is set to 1.
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5.7 Final USLE Erosion Risk Map for Hebron catchment arca

By multiplying all the five factors. using ArcView, the final erosion model is calculated,
figure (5.10). Figure (5.11) shows the final Erosion Rick map using the USLE model in

1ONs per acre per year.

4081 OIas
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Figure (3.10): Calculating the erosion model
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Figure (5.11): Final Erosion Risk Map for Hebron Catchments Area.

58T value

T ix suil loss tolerance expressed in tons per acre per year, The T value is not directly
used in USLE. However, it is important in the use of the soil loss equation for
conservation planning. Soil loss toletance is the maximum amount of soil loss in tons per
acre per year, which can be tolerated and still permit a high level of erop productivity to
be sustained economically and indefinitely.

Table (5.7), T value.

Soil erosion class Potential soil loss (tons/acrs/year)

Very low (tolerable) <3

Low a5
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Vioderate 5-10
11igh 10-15
Severe >15

The Final Erosion Risk Map is classify to live Soil Erosion Classes, figure (5.12). these
are Very low, Low. Moderate, high, and Severe areas. lts important to note that only 3.1
% of the study area is located in the severe class and consist about 9.1 Km? of the study
area, tahlz (5.8).

Table (5.8), Soil Erosion Classes by area present,

Sail I rosian Clasans Summany Hy Area !.ﬂ
’ : _ -

Vry Low T 243061543.917700 g5.000000; =
4450790 523400, 1.500000
069947, 751600 5.1 00000 |
1557410 383300 5 300000
- sfomsinml | im0 —
(284072034 517300 | 1EF1EI{CIII;?J B
| ]
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Figure (5.12): Soil Erosion Risk Classes Map for Hebron Catehments Area.

5.9 Management Strategies to Reduce Soil Losses

I'he table (5.9), below explains the management strateégies to reduce soil losses

Factor Management Strutegies

R The R Factlor [or a field
canmol be altered

K The k Factor for a field
cannot be altered

Ls Terraces may be

constructed to reduce
the slope length resulting

in lower soil losses.

Example

Terracing requires additional investment and
will cause some inconvenience in farming.
Investigale other soil conservation practices
first.
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,

the selection of crop types  Consider eroppi ning systems that will provide

and tillage. methods that  maximum protection for the soil. Use
result in less soil erosion,

The selection of a support  Use support practices such as cross slope
practice that has the lowest farming that will cause deposition of sediment
possible factor associated  to oecur closs to the source.

with it will result in lower

-soil losses.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

1. The visual analysis indicates that the must critical factors in the USLE are:
a. The topographic (LS) factor; and
b. The soil erodibility (K) factor.

2. The USLE was used to predict soil erosion in the Hebron Catchment Arca. As
seen from the derived erosion map, figure (5.12), most areas have minor soil
erosion which is less than 3 tons/ac/yr ( about B5% of study area). The areas of
bighest erosion occurred in the places where the slopes are the greatest and
congist a bout 3.1% of the study arca.

3. The estimated erosion values mostly are below the usual “1olaerable soil loss” of
3 tons/ac/yr.

4. GIS is very uscful compared to traditional methods by breaking up the land
surface into many small cells which enables an analysis to be performed on both
large regions as well as discrete areas. This study demonstrates that GIS is 8
valuable tool in assessing soil erosion modeling and in assisting the estimation of
erasion. Also, Cell size is very important for the data

Sources of Errors in the Model:

|. Error in this estimation can occur becavse the USLE is an empirical equation that

does not mathematically represent the physical processes of soil erosion.
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. The equation predicts the amount of erosion but due to deposition the aclual

amount of sediment reaching a given point may be less.
. Many of the values used to calculate erosion arc assumed or estimated.

 The use of the USLE may not be a good predictive model for erosion in this study
area hecause the extreme slopes throughout the watershed do nat correlate well
with the USLE model, which was originally developed for mild slopes in
agricultural areas. In particular, the LS values will be overweighted in this

analysis.

. The absolute value of the estimation is not helpful. However, the relative results
from different years may still be useful to predict the trend of soil erosion.

6.1 RECOMMENDATIONS

1. A erosion control plan can be suggested. For example, some land forming
practices such as terraces on the steep slopes to reduce the slope lengths (1.8

factors), which will slow down the runoff velocities.

. Ttis highly recommend to repent this study for all catchments in Hebron District.

. Soil Texlure analyses using Sieve tesl is not completed because of missing of
sicves number 330 and 400. It is highly recommend to purchase a complete set of

sleves.

A field test of sail erosion is highly recommended to be conducted at least for
different soil associations. The results will be used to calibrate the model.
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