DSpace Institution

DSpace Repository http://dspace.org
Geography and Environmental Studies Thesis and Dissertations
2017-12-26

INTEGRATING GIS AND REIVIOTE
SENSING TECHNIQUES FOR THE
ASS~SSMENT OF EROSION
VULNERABLE AREA: THE CASE OF
JABI TEHINAN WOREDA, \VEST
GOJJAM ZONE, Al'vVIHARA REGION.

Abebe, Mengaw

http://hdl.handle.net/123456789/8313

......



ane

IN TEGRATII;G GIS AND REMOTE SENSING
TECHNiQ:UES FOR THE ASSESSMENT OF
EROSION VULNERABLE AREA: THE CASE
- OF JABI TEHINAN WOREDA, WEST GOJJAM
ZONE, AMHARA REGION,

By
Abche Mengaw Wubie
@1 aﬁﬁ'j e, C

DEPARTAMENT OF sjEGURAPHY AN ENVIROMNMENTAL REUDIFS
FACLLYTY OF SOCIAL SO1ENCE

BAHIE DAR UNIVERSITY

June, 2010

016




INTEGRATING GIS AND REMOTE  SENSING

TECHNIQUES FOR THE ASSESSMENT OF EROSION
’ VULNERABLLE ARLA: 1IHE CASE OF JABI TEHINAN

WOREDA, W’ESJ GOJJAM ZONE, AMHARA REGION.

Thesis

Submitted in TPartial Fulfillment of the Requircmenis for the

£

Degree of Master of Science in Geo-Information System

By
Abebe Mengaw Wubic
(ube gisiovuhos.com)

Advisor

I'erede Zewdu (Assistant Professor)

DEPARTMENT OF GEOGRAPHY AND ENVIRONMENTAL STUDIES
FACULITY OF SOCIAL SCLENCL
BAHIR DAR UNIVERSITY

June, 2010




[ A EULTTY
- “; ;
el i
T I, Rl i
7 o

The thests ttled "IN TEGRATING G1S AND REMOTE SENSING T1C INTOQL RS e
PHE ARSESSMIN O EROSION VULNERABI I AREA: [he Case of Jabe Leinan
Woorudu, West f'im_:‘:j.um Zone, Alhara Rewon” oy Mro Abebe ¥iengaw 13 aaproved S

ihe deprer of Master of Science in Geo-Informaton Sestem:

P AR

Board of Kxaminers

2 £ © Name Niguature

Advisor G Ferede Zewdu

(Axsistant Prolessor)

External Fxaminer e, Yibhenew (G Selassie

Interpal Exuaminer e, Dharmendra Kumar Duhe

{Assistant Professor)

Dty Fame, 13, 2070




P

Acknowledgements

First and foremost, glory 1o the Almighty God who willing 1o me health and strength o

complete the entire reguirements and finalize the necessary thesis work suceess(ully,

[ am greatly express my deepest gratitude and indebtedness to my advisor Ferede Zewdu
{ Assistant Professor )T ecturer, Department of Geography and Fnvironmental Studies in
Mahir Trar I;lnivfrﬂicy, Bahir Dar. tor his unlimited support, advise and insightful
comments in Theq‘enarminn of this researzh wirk.

]
| amn alse express my heartfele gratitude o T, Birn Yiafens Directorate of water and

s01] conservalion in Amhara Regional Agriculiral Research Institute Bureau. tor his real
hospitabililty and giving valoable comments, encouragement and Kind cooperation to
! B . L

[inish this thesis in time appropriately.

[ am alse thanklul w Amhara National Regional State-Finance and  Toonomic
Development Dureau, Agriculture and Rural Development Burcau, Amhara Regional
Aoricultural Research Institute Burcau and Burcau of Statistics [or giving all the
necessary data, And also my gratilude extends 1o Bahic Dac Univiersity [or ils aceessible
internet service and documentations. Further my special acknow|cdgement goes

L]
Mizan-Tepi University tor giving me the chanee to enjoy my graduate studies.

I am greatly indebted 1o all my tamily members Mengaw Wubie, Netsuh Ejigu. Teveku
Wubie, Gubave Ljizu and all my brothers and sisters for their suppertive nature through
my life, And alse [ am very grateful to all my best [riends especially (o Dawit T'esepa and

Alemayehu Tetfera tor their encouragement and necessary supporl in different corners,

Finally, | dedicate this thesis to my father Mengaw Wubie, My mether Netsuh Ejigu, my

sisler Selamawit Mengaw and my lovely friend Titl Abate.

Abebe Mengaw




<

I

*

Contents [age
LT e T BT T S p—— |
Table oF Comlent i R S R ey i
ASE OF B LBIT OB, oo oinics s shwansiss s s fo s b Sl o SRS VA DT S vii

LASE 0F A DD P VI DS s s sviss ssnssnnisan sunnipswinsinsissssiniinnprmmssussinisrramanssnin 1

"

.4. I]stractnp'p'|-|;lr1-ii-l'-ltlriliI-liilill'Ili'lill'll'lll'll'-ll'Ili'll'-llilill"ll'-ll-'lli'li'll'll-'ll+l!'II-'II+I+IIII-'II+IIII-'Il!'lIll iX

5,

AT R N i e e oo i o i i s 1

o B A I e e s Rt e o P R P e S Ly 1

] .lZ. Statermn =0 Fahe ProBlom e cmaintin i atis i s e e i f i e i
s bl e Shad i R B R e R )
IR TD D TRC TR e cuinasi pooiion A e S0 A S RS S B S ek S s

LR nearoly CIeEtImiR: oo e i s s e L e i e e S S e

L

REBRAT T Tr DT len e B e b L e S ol e e SRR
L6, Delimitation of the Sty .o e s s s sme raers s e s

Ll

B L O T BMEIIG, s s 5 e i S A S A R v )
CHA P TE R T i i n i s s s 7

REVIEW OF RELATED LITERATURE. .iiisineinivssminivimsonissaisnimiveenss 7

R IR e Tt ) iRl 0 11t v 11 O
A A T SRR M ot et o o T P P s
23 Nulnerability Andlysisifssessmant-caisuinuiannnisisiicisniniiaia s
2.4, G158 i Ervsion Yulnerabiliny Bodelligiiw i aiimiimmemmssinrriesimeraes = 1: 9
o PR IV IR o oot st gaeors ot ot it s e SR A gt D
281 - PRl MO o s e R R e
252 Conceptia Modelec i sssanuunniaiuuiainimssiansuss et aisnnamld
2.5, 8, Physicilly-Raged Model.......coisiaviaimiisiiniaimsismmmsstnmorenmn 12

26, Brnsion in the World: Concept, Trend and FIZures.. e sinesvicsnissceneee




bl g

7

A

o

2.7, Global Socio =Loonomic Effects of Suil Erosion............

2.8, Lrosion and Tand Degradation in Highlands of Cthiopia......ooi

29 Brosion Mechanisms and Processes. e .
210, Major Factors of Soil Erosion.. ...,
2.10.1. Topography (Slupe and Clevation). ..o
T HL2 Soll Typeas s
2003, Tand Uses Tyvpe e,
204 ]:a1nl'!£Z¢rx-'u1'........_................,....

2.10.5, Draingee Patern (Morphology 00 BaSind.. e

2l ARt b o R R N B

2HL7. Population Pressured TSI e e s cemni s oo cmee e

2 1 Concept and Application of GIS and Remote Sensing in Haeard Mapping..........20

* CHAPTER THREE. oo, o s

MATERIALS AND METHODS...ccoc i imrvinisimimsimasicasasasanesvers Ry |

1.1. Descriptions of the Study Aref e

3101 Boesttion. .o o

N B 8 1 <

3.1 ZL EEITPELIINIE:: s e riirsst R s A
S22 Ramfallcaaaaan

T3 Vopography s i i i mseesens

d4 Bail Tepe

Lad Lad

L]

Jd5 Drainage Patemm s
3,16, Geology. .
A7 Land used Land Cover e,

F B POIBTON. s

32 Methodalaoy s m i Sl s senss e

3200 Seurce ol DEE e
3,22, MeasurementssVariables. oo

323, Methods of Data Callection. onvann o

3,251 Field work (Training Samplu Selecion). o2

1l




'

P

3.2.4, Data Type and Materials (S0 wWaresh USEH. oo e oo seerieer s veme s e ersieeciaimieara U
AR Geodatabase TIeE B sy i, TR S S i T R e T D
2.2.6. Methndology for Quantifving Soil Loss Using RUSLE. 0034

3.3, Data Analysis and Derivations of Model Parameters i 358
3.3, 1, Analysis ol Land Use/Land Cover Classilication. ... i 30

3311 Image Rectilication and Restoration {PrC-ProcessSing e veevvenrs s e ierrinares

Fel

A

ol
.

(o]

i B0 7 (3 T 1 T o m——— | |

Led
Ld
Lo

- Image Classiliealion ..., AR AR R TR AR

-l

% b ACeursas SR E RN, o i R e R s e s s

A

3305 Dynamics of Land Use/Tand Cover SEructure. oo s o 38

2, Analysis of Topographic Tactor (Tlevation and Slape). i 38

Lad

5.3.:2:0; Digital Elevation Model (DEMY. s iimnsinciiomiv v i 3R

G ¥ g T ol 5 o I Pl 1 S B Sy P b
B30 Analysis o S0l Factinr i s e e
=134 Analysis ot EHATERE PRI i sim s s i s s e S e
AT Kbyl Bainkal] Baolers e s it @i st a se 3
336, MU R e T B BIEITON. ... evrsrcorestsssiirsi b e S B e R e s 2D
oy, T ORI . e e T s R e e T
3.4, ."\I'Ii'li}’sis and Derivation of RUSLE Parameters. e, 43
54 B E e EaT I T, v sissbrs g oo s s st s gttt 3
T B e Y T T R oL
3.3, Topographic Fagtar (LB Factor): st inaisnado
344, Cover Management Factor (Ch o s e n o F 9

3, Copsenalion Prachior Fattor TP Beiorh. oo v cis s ssivises s iava st sissnys b

CHAPTER. FOUR s Biaiiammimmiviiimmmssiiimmeirmmysisiiio 51
RESULT AND DISCUSEIONE L nsissrismnvimamims s it s L

d 1. Crosion vulnerability DHstribulion. o i eiiss s ecer e seceiesisasin st |

d4.1_1, Erasion Vulnerability intermy OF Land UseTand Cover. oo, 3l

4,12, Erosion Vulnerability in terms of Topography. il a3

4. 1.3, Crosion Yulnerability in terms of Soil Type i3




2K

4. 1.4, Eresion Vulncrability in terms of Drainage Pallern.. .o e oo 39
4. 1.3, Erosion Yulnerability in terms of Raintall Distribution.....o.oooe i )
4:2: Erasion Mulnerability Model Result s i im o miasimiinimain 62

4.2, 1. Pairwise Comparison Matrix or ML Result. oo 02

4.2.2. Weightcd Erosion Yulneralility Wap. e sens i eneeis i 03
4.3. Ruesulls of RUSEE Spatial S0il 1088 ASSESSIMENT. . oo siat s somsvins e D
4.4, Comparison of krosion Vulnerability Map and Rate of Estimated Soil Loss.........67

CHAPTER =5 TS 68
CONCLUSION AND RECOMMENDATIONS ooooooeoooosseseeorssseeeenn 68

SOV =T BTt (o F 1 T TSN 1

)
L Referencenininn, TH

D e L e T e L T TR TP FE PR T P P T o)

APRENHE Lovnmwmmmosmanmnsns RPN ARERU———— AR NSSRRON 1 |

Appendix ML acaiiaibaiiabmmiiriiaissiiiaiwsiiusiiiieaainiiini i 79




4

£

List ol Tables

Table:3 b Data-type and materials ol thestudy. s i i i

Table 3.2: Confusion matrix ol aecuracy assessment for 2003

land usefland cover superyised image classification...oooocvveeesecinen

Tahle. 38 ContImuous P SOalE i s s s S o S ial i
\,“

Takle 3. 4: Mean annual rainlall and erosivity factor (R easult. ...

Tahkle.3.5: Sajl colar and s value 1o estimate soil BB DY oot e

Table.3.6; Soil tyges with their corresponding K values... ...

Fable.3.7: The lutd used land cover classes and their carresponding C- values.. ...,

Tabled. 1 Comparative land use! land cover (1986 & 2003 and

1ts carrespandence values oF vulnerabilily . e
i Fable.4.3: Slope range and its correspondence o arosion vulnerability ..o
Table.4.3: Soil type and its corrzspondence of valnerability in percentile . ..l
TableA.4: Model parameters and their pereent of influence.. e

Table.d.5: Summary pereentile values of overall yulnerability Classes 03

e
']

Vi



5

rra

List of Figures

Fig3.l:
AL
Fig.3.3:
Fig.3.4:
IFig.3.5:
Fig.3.4:

Fig. 3. 10: Pairwise comparison matrix of ATIP weight derivation ..o

Fig.3,11: Erosion vulnerability evaluation madel computed in ArcGIS Ll

]

Fie 3 13 Soil tvne and derivated seil erodability Gctor (K valuG) oot
Fig3: 14 Fopographic:Sndor {108 Jctor] M sni e s an s i s e

Fag 3,1 S Covermimegenment Tuetard Caaloc)i s danananainiindi

Fig
Iig.d.1:
Fig.d.2:

Figd.3:
Fig.d.4:
Fig.d.5:
FigA.6:
FPig.d.7

Fig.4.8;
Fig. 4.9,

Fig.d_ [ Tustimated soil Toss Nazard AP ..o e e s

Foroatimer ol Thie: stud g i i S T s i R

Maximum and minimum monthly temperature of Jabl Tehkinan Woreda.., ...
Yean monthly rainfall of Jabi Tehinan Worcda i e,
Sajor soil Liiilribuliun map ol Jabi Tehinan Woredd oo
Drainage patte.l'n of Jahi Tehinan Woreda...o i nnnininnee 2
Geological map of Jabi Tehinan Woredil. o oo
- Flow chawt showing the basic methedological appreach

Silopied The Ahe BV co. o S s R R
< Persemal seodatabaserschemin: oo i s i )
9: Flow chart showing the methodology adopied

T [ B T T s s o R s BT

Fig.3.12: Mean annual rainfall and crosivily facior map (R valueh. e,

o 3. 160 Conservation practice Gactor {(p-valuet .

Land uséland cover map of Jabi Tehinan Woreda 1986 & 2003 .

Compuralive erosion vulnerability classes in terms of LULC of

e A A S

Frosion vulnerability in terms of slope gradicnl. e
Frosion vulnerability in terms of soil Dvpe .. o e
Gl
Bl

Eresion vulnerability map in terms of drainage pattem. ..o,

Crosion vulnerability in terms of raindall distribution....ve e,

Pairwise comparison matrix and resulling cating scale or weighis of

I e O e eI P R AR R, e i o B o i 5 b e S B e AP 2t e L

Result of the wightage influence of each model parameters......nn

Weighted grosion vulngrability model and map resulte e,



I

List of Abbreviations

FAQ- Food and Agricullural Orzanization

SCRP- 501l Conservation Research Programme

ANRS- Amhara Mational Regional State

MOART Ministry of Agriculture and Rural Development
SETM- Shuttle le:lztr.ﬁ}npngmphy Mission

NIV - Normalized Difterent Vegetation Index

M- Digital Blexation Model

GPS- Global Positloning Syvstem

GOP- Groung Contral Peint

G1S- Geographic Information System

: RS- Remote Sensing

ME M= Matural Resource Management

GMOE- Geological Map of Iithiopia

LTULC- Land wse! Land cover

FW(- Expert Warking Group

UNLE- ELIS-United Natiens University Institute of Environment and 1Tuman Seeurity
MCE- Multi-Criteria Evaluaton

WICA- I'\rluTti—iirit-:ria Analvsis

AMHP- analvtical 1 lerarchy Process

WEPP-Water Crosion Prediclion Project

FUROSEM- European Soil Erosion Madel

ILISTP- The United Nations Envirommenlal Programme
i.a.5.1- Meters Ahove Sea Level

EDBMS.- Relational Database Management System
PESERA-Pan Ruropean Soil Lrosion Rizk Assessment

vii



£

Abstract

Sl dzgradation o the fovem of soil avorion (s o serives ond continiany erviremmental probism in
Sahi Tehinan Woreda, Unconmolled land wse, deforestation, fand over culfivaiion, overgrasing
ard explodiofion of divmass for firewood, consiruction and wher hovschoelid wses due o
hicreasing populavian wliirmataly feady o severe soil avavion. The Tnipoct of waneal kozavds ke
erogton hozerd can he admmized and wliimarely conrealled by disasler preparsaiiess maps.
hergfore the overall ofjective of Wiy puper i5 1o ddeinhy amd map erosion volnerable arcas for
the planing and trplomeniaiivny of sostiinable soil conservation and maragement spytem in ihe
sfudy are,

This srwddy ad tnveavated GIS, RS pid MU wodels (o aseess and mop eroston vilnarabls greas
aind RUSLE modadgo quantify an estimated soil loss fi dabe Tebinan Woreda, Slape gradient, soil
pvpe, LULE, qyainfall and drafnoge potiern weve wed av inpul model pavamelersivaribles. 1The
dufer frod Been cotfectod and analvoed from Jdifferend Lmd sof imogeries, SRTM data, ropomaps
aimd poing ererpaladions of primaey dota, Finally the oggeegated sifecrs of all parameters Dad
Been gelyzvd and priovily valing of ercvion valesrable areoa was calowlated wsing weighted
ceerlery reofiguas,
[}

After analyzing ol moedel paramerers, areas tnostezper Slope with Lithosols, unic Vigasels,
Creeivic Lwvisols, cvophonds. hare fapdy and viver barks have beew wentified a5 e maost erision
WG Bl re s Quan;’m{nw}, Fo044 by 73 Tl 128678 b (0%, and 33 UGST o (29 of
the ertire tond & endanpered o exfremely winaralle, highiy volneeall: and vulneralble wreos
reapeciivele, The remgining afswst bl 2030007 hia (3075 aond 2068 3 ha (6 2% of the fand {5
explatned io ey gnd vavy fesy erosivn vwivarable areas respectively B ogeneral the rorther,
norilieastera ond-a e B0 of the sowthers mavging of fhe woreda iy de mex! esposed o
vieknerable areas to eroson. While the sowth and central parts of dhe wedy areds are
prsigaifcandy vatnerable o erosion by water. The esfimoted annnal sl loss e Joki Telinan
Woredir rartaes frome meardy 0 ia sourlt and conteal ports of the stidy area o 30406 Bhade i the
sécepiy sloging wowntaitous areas of the rorth and norti- eostern pavis of the catohmanis,
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CHAPTER ONL

INTRODUCTION
1.1. Background

Mowadays, people in developing countries are inereasingly loreed 10 usc more marginal
and sensitive lands fir agricultural purposes in every aspeel o suslain their living, These
unconlrolled uses of land due to pepulation growth uhimately leads Lo delforestation. land
over eultivation, overgrazing and exploitation of biomass [or lireweod, construction and

S
other household uses, often causing scvere seil crosion.

Soil eresion is the direel result ol the mismanagement of the soil by man in his efTor 1o
obtain a living frem il (Gustalson, 2005), Studies reported that, cultivation witheut using
specitic control dechniques and unplanned land use, such as uncontrolled  urban
development. deforestation and mal-agricultural practice are Jundamental factors of sai]
eposion {Biard and Harcr, 19977 10 is clearly evident Lhat the ultimate cause of erosion is
human himscll contributing abont 60 to 80% of all seil erosion and soil degradation
(MeMeill, 20003 Further Gerrard (20007 stated that soil erosion by wind and water are
natural processes, but cohanced by human mismanagement of the land. Te 10
unconirolled and unmanageable interierence of people to the land, world wide 80% of
agricullural land suffers from moderate to severe erasion, Consequently, 63% of the soil

in sub-Saharan Africa is said to have undergane degradation {T.udi. 2009,

Because ol Lavourable topographical factors and strong human impact over the
environment. espectally the northern highlands of Tthiopia have been characterized by
severe erosion, At country level, wotal soil loss by crosion [rom all land is estimated at
almaost L3 billion tons per vear and on average 42 tones per hectare, o which 43%
originates trom eroplands alone, Bul. in the highlends of Ethiopia, annual sail loss
reaches up o 2001 - 300 ton per hectare, making the total loss 23,400 million tan per vear
CEAC, 1984 Tlurni, 1993), With the incremem of such environmental problems,
identitication. and mapping of erpsion Chazard) vulnerable wrea has become an important

discipline in the world of Geo-Information Syatems.



Mapping ol erosion vulnerable area using the integration ot G185, RS and MCFE technigque
can identify areas that are at potential risk of extensive soil erosion. The formulation of
praper soil management for sustainable development requires an explicit inventory and
rating of vulnerabhle areas. This intormation is very nseful in the decision making context
to avoid land acquisition in erosion risk arcas, or, alternatively, 1o rcommend soil
conservation mfﬂ&urﬁ? e reduce soil loss i developments continue (Y vsol and Buaban,
1999). On the other hand, the modeling of scil movement and their consequences plays a
signilicanl role HE_&]' natural resource managemesnt andfor sustainable environmental

planning processes; like optimization of agricultural productivity.

studics on erasion undertaken at spatial scales covering local 1o orepional arcas have
prodided both gualitative {e.g., crosion vulnerable arcas) and quantitative information
(e, sotl loss rates), Methods for evalusling erosion vulnerable ares on calchments or
regional  scales Include both  the application of crosien models or gualilalive
approximations using GIS and &S lechnologies.

Thus, by this study G5 and 115 were emploved w eveluate petential erosion vulnerable
arcd including the determinations snd prioritizations of different Tactors that accelerate

. o .
soil erosion in the study aread,

1.2. Stutement of the Problem

Erosion is regarded as the major and mast widaspread form of environmental problems in
e highlands of Fithiopian. Rapid population grewsh, cultivation on steep slopes, rugzed
topographical feature, clearing of vepetation, mal-agricultural practice. overgrazing and
vven higher demand for fireweod  are the main factors that aceelerate soil eresion in the
arca, According (o Ministry of Agriculiure (MOAL 1984} crosion classification algorism,
the Northwestern Highlands ol Ethiopia has bucn categoriced in Lo severe (o moderate

soi] oy,

The ceonomic implication ol soil crosien is more seriows in Northwestern Highlands of

Eihiopia because of mainly its rugged topographical features and lack of capacity 1w cope






















































































































































































































































