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ABSTRA�T

�a�d use a�d la�d cover ������ cha��es are co�ti�uous� a�d �oth �atural a�d ma��made 

e�viro�me�ts drive it over time� �hese cha��es are affecti�� the h�drolo�ical s�stem� �loodi�� 

is o�e of the e�viro�me�tal pro�lems i� �ddis ��a�a cit�� �his research aims at evaluati�� the 

spatiotemporal cha��es of ���� cha��es a�d their impact o� floodi�� i� �ddis ��a�a cit��� 

�e�ce to i�vesti�ate this� the prese�t stud� adopt a supervised classificatio� tech�i�ue a�d 

cha��e detectio� tech�i�ues� �his stud� uses �emote se�si�� ����� �eo�raphical i�formatio� 

s�stem ����� a�d Earth �esource �ata ��al�sis ��stem �E����� soft�are� �ccordi��l�� 

�atellite ima�es �ere utili�ed to mo�itor ���� cha��es from �ear ��������� for the five 

ide�tified ���� classes� �he fi�di�� of the stud� sho�ed that� the �uilt�up area i�creased from 

���������ha i� ���� to ��������ha i� ����� �arre� la�d decreased from ���������ha to 

������� ha� a�ricultural �a�d decreased from �������� ha to ������� ha� �orest decrease from 

������� ha to ������� a�d a sli�ht cha��e occurred i� �ater �od� decrease from �������ha to 

������� ha� �uild up area e�hi�ited the most �oticea�le cha��es ������ � to �������� from 

���� to ����� �hich came from a�ricultural la�d a�d �arre� la�d� �he flood ha�ard a�al�sis 

�as computed usi�� the multi�criteria evaluatio� ���E� tech�i�ue �� selecti�� si� flood 

co�tri�uti�� factors �slope� soil t�pe� elevatio�� la�d use/la�d cover� drai�a�e de�sit�� a�d 

�ai�fall�� �he� a flood ha�ard map �as developed usi�� the ��al�tical �ierarch� �rocess 

����� a�d further fi�e�tu�ed �ith se�sitivit� a�al�sis for rati�� the �ei�hted perce�ta�e each 

factor i� co�tri�uti�� flood a��ravatio�� �he stud� revealed that rai� fall ������ drai�a�e 

de�sit� ����� a�d ���� ����� si��ifica�tl� impact for flood ha�ard �e�erati��� �hile� 

elevatio� ���� a�d slope ����� have a medium impact �hereas soil t�pe sho�ed lo� impacts 

i� flood co�tri�uti�� process� �he developed flood ha�ard map from this research �or� sho�ed 

that a hi�h flood ha�ard has imposed �� the flood i� the �ifas sil� lasfto a�d �a�a�i �alit� su� 

cit� of the stud� area� �his stud��s results provides valua�le i�formatio� for the cit� 

admi�istratio� o� the ide�tified flood ris��pro�e locatio�s for impleme�ti�� emer�e�c� pla� 

a�d future lo�� term flood miti�atio� measures� �t also provides useful ��o�led�e for polic��

releva�t la�d admi�istratio� for future developme�t related to la�d use pla� associated �ith 

flood�

�
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��A�TER�ONE

����NTROD��T�ON

����B���������

�a�d is the � primar� �atural resource o� �hich eco�omic� social i�frastructure a�d other huma� 

activit� are ta�e� ��i�ias� ������ �a�d use a�d la�d cover ������ are closel� related a�d disti�ct

terms� ���� patter�s are the results of �atural a�d huma� use of social a�d eco�omic eleme�ts 

over time a�d space� �he i�formatio� is esse�tial for mo�itori�� activit� a�d i�formatio� o� the 

�rou�d surface� ���� is the most promi�e�t form of the �lo�al e�viro�me�tal cha��e 

phe�ome�o� occurri�� at spatial a�d temporal scales ��u�ie et al�� ������ �he relatio�ship 

�et�ee� ���� cha��e a�d its causative factors is comple� a�d d��amic ��u�ie et al�� ������

���� cha��e has �ecome a ce�tral a�d importa�t compo�e�t i� curre�t strate�ies for ma�a�i�� 

�atural resources a�d mo�itori�� e�viro�me�tal cha��es ��a�at et al�� ������ �he ���� cha��e 

is i�flue�ced �� various �atural a�d huma�s tr�i�� to meet  diverse �eeds such as reside�tial� 

i�dustrial� a�ricultural� mi�i��� a�d other i�frastructural facilities a�d are ma�or co�cer�s 

associated �ith  area�s eco�omic a�d sustai�a�le developme�t ��a�at et al�� ������ ���� cha��e 

affects ma�� parts of the earth s�stem such as� climate� h�drolo��� �lo�al �iodiversit� a�d the 

fu�dame�tal sustai�a�ilit� of la�ds�

�he ma�or causes of ur�a� floods i�clude i�creased precipitatio� due to climate cha��e effect� 

cha��e i� ���� a�d related h�drolo�ical impacts ��ope et al�� ������ ���� cha��e d��amics are 

esse�tial for mo�itori��� evaluati��� protecti�� a�d pla��i�� for earth resources ��a�at et al�� 

������ �he impact of ���� cha��e o� the h�drolo�ical process is the mai� reaso� for ur�a� 

floodi��� �he flood ca� affect huma�s a�d e�viro�me�t� �loodi�� i� ur�a� areas is a ma�or �atural 

ha�ard causi�� loss of life� propert� dama�e a�d i�frastructure�

���� cha��e a�d flood ha�ard maps are useful tools for flood ris� miti�atio� a�d protectio� 

measures to ide�tif� flood vul�era�le areas� �ddis ��a�a �it� is curre�tl� o�e of the ur�a� areas 

e�posed to floodi��  due to ���� cha��e� poor or �o impleme�tatio� of ur�a� flood ma�a�eme�t 

strate�ies� a�d �lo�al �oi�t climate cha��e impact ��em�erie � �elesse� ������ �� additio�� the 

lo��level drai�a�e sta�dards� poor drai�a�e capacit�� improper drai�a�e ali��me�t� a�ed drai�a�e 

facilities a�d complicated drai�a�e pipe �et�or�s �ith u�reaso�a�le setti��s� rapid housi�� 

developme�t alo�� river �a��s� a�d i�terruptio� of drai�a�e facilities �ith other ur�a� utilit� li�es� 

�o miti�ate a�d protect from pote�tial flood ris� i� ur�a� areas� �e �eed to improve our 

u�dersta�di�� of the possi�le impacts of the u�i�uitous u�certai�t� of ur�a� flood pro�ectio� ��u�� 

et al�� ������ � thorou�h ris� ma�a�eme�t strate�� is �eeded to reduce flood disasters� effects�  

�iffere�t methods are used to evaluate the relatio�ship �et�ee� ���� cha��e a�d flood� 

�raditio�al i�ve�tories ca� mo�itor ���� cha��es� �eo�raphic i�formatio� s�stems ����� a�d 

remote se�si��� represe�t useful tools for assessi�� the ���� cha��es a�d flood� �atellite remote 
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se�si�� provides �reater i�formatio� o� the �eo�raphic distri�utio� of la�d use a�d cha��es� alo�� 

�ith cost a�d time savi��s adva�ta�es for re�io�al si�e areas ��ua� et al�� ������

�he role of ��� is to promote to process remotel� se�sed data or other source data� �esearchers 

ca� �o� access satellite photos from a�� re�io� of the �orld �ith short revisit c�cles a�d a variet� 

of spatial resolutio�s �ecause to o��oi�� developme�ts i� remote se�si��� �articularl�

�emar�a�l�� the spatial resolutio� of �a�dsat se�sors is sufficie�t a�d sufficie�tl� detailed to 

characteri�e the processes that affect ���� cha��e i� the stud� area ��ostache et al�� ������

�� a�d ��� have mai�l� �ee� ha�d� i� flood ma�a�eme�t� �hrou�h modeli�� coupled �ith �� 

a�d ��� use� floods ca� �e predicted a�d the flood vul�era�le a�d flood ris� areas ca� �e mapped 

out ��polot� ������ �his i�formatio� is crucial for polic�ma�ers a�d the �e�eral populatio�� 

particularl� i� the affected areas� to provide earl� �ar�i��s� co�duct evacuatio� drills� a�d promote 

�e�eral prepared�ess� �ost flood a�al�ses ca� also �e do�e usi�� �� a�d ��� tech�i�ues� �� this 

�a�� a� idea ca� �e computed re�ardi�� eco�omic losses� i�frastructural dama�es� a�d 

reco�structio� costs ��polot� ������

�imel� a�d precise i�formatio� a�out ���� cha��e detectio� of earth surface is crucial for 

u�dersta�di�� the relatio�ship a�d i�teractio� �et�ee� huma� a�d �atural phe�ome�o� for �etter 

ma�a�eme�t of decisio��ma�i��� �his research aims to assess the ���� cha��e a�d also the effect 

of ���� cha��e o� floodi�� i� �ddis ��a�a�

����S�����������������������

�loods resulti�� from ���� cha��e a�d e�cessive �ai�fall �ithi� a short duratio� of time� �he

flash floods� �e�erated �� the surface ru�off o� the slopes� represe�t o�e of the most da��erous 

�atural ha�ards produci�� the most si��ifica�t dama�e to huma� commu�ities� �o�se�ue�tl�� it is 

esse�tial to stud� a�d mo�itor the areas holdi�� hi�h pote�tial for surface ru�off ��ostache et al�� 

������ �� Ethiopia� ur�a� floods i�cide�ts are �ecomi�� a severe pro�lem i� rece�t �ears� �he� 

are mai�l� associated �ith poorl� desi��ed ur�a� drai�a�e s�stems a�d la�d use pla��i�� ��i�usse 

� �dha�om� ������

�ddis ��a�a �it� is curre�tl� o�e of the ur�a� areas e�posed to floodi�� due to ���� cha��e� 

i�efficie�t la�d use� a�d poor or �o impleme�tatio� of ur�a� flood ma�a�eme�t strate�ies� 

�ccordi�� to a report do�e �� the �ddis ��a�a �it� �ire� Emer�e�c� �reve�tio� a�d �escue 

��e�c� ����E���� i� ����  sho�s that more tha� �� flood i�cide�ces �ere recorded follo�i�� 

the ���� rai�� seaso� a�d caused more tha� ���������� �orth of dama�es to i�frastructure a�d 

private propert� ��ohamed � �or�u� ������ 

�he status of ���� cha��e a�d flood ha�ard i� �ddis ��a�a cit� has �ot �ee� properl� studied 

a�d �ell docume�ted� �tud�i�� the ���� cha��es associated o� flood ris� impacts are ver� 

importa�t for flood ris� reductio�� �his allo�s decisio��ma�ers to �o appropriate policies to 
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ma�a�e� �his allo�s decisio��ma�ers to drive proper policies to ma�a�e the la�ds sustai�a�l�� 

thus� the stud� �ill evaluate the ���� cha��e a�d impact o� floodi�� i� �ddis ��a�a�

� �

� �

Figur� 1�Flash Floods in Addis A�a�a� ��hio�ia� 1� Augus� ���1� �ho�o �ia �a�or o� Addis 
A�a�a � ��i���r

�����O���������

�his research stud� has the follo�i�� o��ectives

������M�������������

�his stud��s mai� o��ective a�al��i�� the impact of ���� cha��e o� ur�a� floodi�� i� �ddis 

��a�a�

������S�����������������

�he specific o��ective of the research is descri�ed as follo�s� �

� �o a�al��e the spatio�temporal cha��e i� ���� of �ddis ��a�a cit� duri�� the period of 

�������������� a�d �����

� �o a�al��e the impact of ���� cha��e o� flood occurre�ce 
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� �o ide�tif� flood ris� areas i� �ddis ��a�a cit�

����S�����������������

�his stud� o�l� co�ce�trated to a�al��i�� the impact of ���� cha��e o� ur�a� floodi�� i� 

�ddis ��a�a�

����L����������������������

�imitatio�s are matters a�d occurre�ce that arise i� a stud� �hich are out of the resear��er���

co�trol��imo� � �oes� ��������he limitatio� of this stud� is actual flood ha�ard data for the �ear 

��������� a�d ���� a�d e�ou�h a�d �ell docume�ted stud� �ased o� flood i� addis a�a�a cit�� �

��� R�����������������

�o address the stated o��ectives� this research focus o� a�s�eri�� the follo�i�� research �uestio�s�

� �o �hat e�te�t a�d rate of ���� cha��es have occurred i� �ddis ��a�a �it� 

� �hat is the si��ifica�ce of la�d use cha��e o� ur�a� floodi���

� �hich area of the su��cit� are flood�pro�e area�

� �hat t�pe of i�terve�tio� �ill �e impleme�ted to alleviate or miti�ate flood ha�ards� 

��� S�������������������������

�his research a�al��es the ���� cha��e i� �ddis ��a�a cit� a�d e�ami�e the ���� cha��e 

impacts o� floodi��� �his i�formatio� �ill �e esse�tial for u�dersta�di�� ���� cha��e a�d its 

effects o� the fre�ue�c� of floods �et�ee� ���� a�d ����� �or the �ddis ��a�a �it� 

�dmi�istratio� a�d � ����E����s for ma�a�eme�t choices i�volvi�� la�d use ma�a�eme�t� 

pla��i��� a�d flood miti�atio� measures�

����O�������������������T�����

�he remai�i�� part of the thesis is or�a�i�ed i�to four chapters� �he seco�d chapter co�tai�s a 

revie�of related literature i� areas of lulc� cha��e detectio� tech�i�ue of lulc � flood a�d  methods 

of i�vesti�atio���he third chapter methodolo�� a�d procedure to develop flood ha�ard map� �he�� 

results� a�al�sis� a�d discussio� are prese�ted i� chapter four� �i�all�� chapter five provides the 

co�clusio�s made a�d the recomme�datio�s for�arded�

��
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��A�TER�TWO

���L�TERAT�RE�RE��EW

��� R�������������

�emote se�si�� is a� art of o�tai�i�� data or i�formatio� a�out the o��ect from a dista�ce �ithout 

the ph�sical co�tact �ith the o��ect� �ech�icall�� it measures electroma��etic e�er�� that is 

emitted or ma� �e reflected �� the o��ect� �emote se�si�� is ver� useful i� collecti�� data from 

areas that are i�accessi�le for huma� �ei��s to reach� �e�erall�� remote se�si�� tech�i�ue is used 

for collecti�� data of Earth a�d the atmosphere especiall� �ith the help of satellite��autam � 

�ehta� �����

remote se�si�� methods are �ased o� the use of ima�e data ac�uired �� a se�sor such as aerial 

cameras� sca��ers or a radar� �a�i�� a remote se�si�� approach mea�s that i�formatio� is derived 

from the ima�e data� �hich form a �limited� represe�tatio� of the real �orld� �otice� ho�ever� that 

i�creasi��l� �remote� se�si�� devices are used i� the field that ca� ac�uire data i� a fashio� similar 

to air� or space �or�e se�sors ��ohl � �eeves� ������

�t is �ell ��o�� that the soil attri�ute�s spectral a�s�er differs for various areas of electroma��etic 

spectrum� �t is �ell ��o�� that spectral a�s�er of the soil attri�ute is differe�t for various areas of 

electroma��etic spectrum� �emote se�si�� s�ill offers this throu�h �o�destructive s��optic 

scree�i�� capacities� �hese se�sed measures assist dista�tl� i� detecti�� a�d reco��i�i�� the �lo�e 

surface trait �E��ouri et al�� ������

��� G��������������������������������G�S�

�eo�raph� ca� �e defi�ed as a scie�tific discipli�e �hich aims at stud�i�� the ph�sical� �iolo�ical 

a�d huma� phe�ome�a located o� the � �Earth�s surface� �he possi�ilit� of locati�� o��ects is 

particularl� useful for users respo�si�le for la�d ma�a�eme�t� � ��� provides perti�e�t data for a 

portio� of the � �Earth�s surface� �t prepares� processes a�d a�al�ses data� co�verti�� them i�to 

di�ital i�formatio� �ith carto� �raphic productio�� spatial a�al�sis a�d decisio� aids as the e�d 

purpose ��a�ces et al�� �����

��� is a special case of i�formatio� s�stems �here the data�ase co�sists of o�servatio�s o� 

spatiall� distri�uted features� activities� or eve�ts� �hich are defi�a�le i� space as poi�ts� li�es� or 
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areas� ��� ma�ipulates data a�out the poi�ts� li�es� a�d areas to retrieve data for ad hoc �ueries 

a�d a�al�ses� � true ��� is desi��ed to accept� or�a�i�e� statisticall� a�al��e� a�d displa� diverse 

spatial i�formatio� �eo�raphicall� refere�ced to a sta�dard coordi�ate s�stem of a particular 

pro�ectio� a�d scale� ��� ca� ha�dle lar�e volumes of spatial data derived from a variet� of sources 

such as field surve�s� aerial surve�s� a�d space remote se�si��� i� additio� to the alread� e�isti�� 

maps a�d reports� �emote�se�si�� satellite ima�er� a�d ��� are promisi�� sources for data i�put 

i� ���� �efore the �e�eratio� of a�� spatial data� o�e has to u�dersta�d the availa�le data t�pes� 

data a�al�sis procedures� a�d their capa�ilities i� ��� to �et realistic outputs ��edd�� �����

��� tech�olo�ies i�te�rate a ra��e of �eo�raphical i�formatio� i�to a si��le a�al�tical model� i� �hich 

diverse data are ����eorefere�ced� to carto�raphic pro�ectio�s ��alie�e et al�� �����

��� ���������������A�������

�ulti��riteria ��al�sis ����� is used to a�al��e a series of alter�atives or o��ectives �ith a vie� 

to ra��i�� them from the most prefera�le to the least prefera�le usi�� a structured approach� �he 

fi�al results of ��� are ofte� a set of �ei�hts li��ed to the various o��ectives��apaioa��ou et al�� 

������ ��� �ecessitates the i�volveme�t of specialists �ith specific e�pertise a�d e�perie�ce� as 

�ell as var�i�� �ud�eme�ts a�d assessme�ts� �� such methods� the �ei�hti�� process is do�e 

subjectively,���ic���e�e��s���� t�e�e��e�t�s���i�i����ahmood� �a�ol�a � �elo�ha�i��iara�i� 

������ ��e of the multi�criteria a�al�sis ����� approaches is the ��al�tical �ierarch� �rocess 

������ structures the factors i�to a hierarchical frame�or� ��apaioa��ou et al�� �����

��� A���������������������������

�� the ����s� �homas �� �aat� developed the a�al�tic hierarch� process ����� tech�i�ue� �hich 

co�structs a decisio��ma�i�� pro�lem i� various hierarchies as �oal� criteria� su��criteria� a�d 

decisio� alter�atives ��ipahi � �imor� ������

�he ��� method is a semi �ua�titative approach that allo�s criteria �ei�ht estimatio� rel�i�� o� 

t�e� e��e�ts�� vie�� ��� t�e� �el�tive� i����t��ce� ��� c�ite�i�� ���i�st� ���t�e�� ���� �l���i���� ��e�

compete�ce of the ��� method depe�ds o� the �ualit� of the su��ective �ud�me�t of the 

e�perts��ash � �ar� ������ �t comprises si� ma�or steps� pro�lem defi�itio�� decomposi�� the 

pro�lem i�to a hierarch�� carr�i�� out pair��ise compariso�� calculati�� the ma�imum 

ei�e�values a�d ei�e�vectors� calculati�� the co�siste�c� ratio to chec� the co�siste�c� of the 
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matri�� a�d a��re�ati�� the relative importa�t �ei�hts of a decisio� to arrive at the fi�al �ei�hti��

for decisio� alter�atives ��ra�o��s��eltr�� et al�� �����

�he ��� uses pair�ise compariso� to allocate �ei�hts to the eleme�ts of each level� measuri�� 

their relative importa�ce �� usi�� �aat��s ��to�� scale�

��� L������������������������������

�a�d�use a�d la�d�cover cha��e are used to descri�e the huma� modificatio� of the pla�et�s 

surface� �he relatio�ship �et�ee� la�d use/la�d cover cha��e a�d its drivi�� factors is complicated 

a�d d��amic ��ufe�o � Elias� ������

�a�d cover refers to the ph�sical a�d �iolo�ical cover over the surface of �a�d� i�cludi�� �ater� 

ve�etatio�� �are soil� a�d artificial structures� �a�d use is a more complicated term� �atural 

scie�tists defi�e la�d use i� terms of s��dromes of huma� activities such as a�riculture� forestr��

a�d �uildi�� co�structio� that alter la�d surface processes� i�cludi�� �io�eochemistr�� h�drolo���

a�d �iodiversit�� �ocial scie�tists a�d la�d ma�a�ers defi�e la�d use more �roadl� to i�clude the 

social a�d eco�omic purposes a�d co�te�ts for a�d �ithi� �hich la�ds are ma�a�ed �or left 

u�ma�a�ed�� such as su�siste�ce versus commercial a�riculture� re�ted vs� o��ed� or private vs� 

pu�lic la�d �Ellis� ������

�he cause of ���� cha��e ca� �e direct or i�direct� �he �atural causes i�volve a ph�sical actio� 

o� la�d cover a�d are usuall� limited to a recurre�t set of activities such as a�ricultural e�pa�sio�� 

�ood e�tractio� a�d i�frastructure co�structio�� �he i�direct causes are formed �� a comple� of 

social� political� eco�omic� demo�raphic� tech�olo�ical� cultural a�d �ioph�sical varia�les that 

co�stitute structural co�ditio�s i� huma��e�viro�me�t relatio�s ��eist et al�� ������

�he i�formatio� of ���� cha��e is esse�tial to reco�struct past la�d use a�d la�d cover cha��es� 

as �ell as to predict future cha��es� a�d thus ma� help to ela�orate sustai�a�le ma�a�eme�t 

practices aimed at preservi�� esse�tial la�dscape fu�ctio�s ��avia� � �afaria� �eloudar� �����

��� �������������M��

�loods are u�predicta�le a�d occur �aturall� a�d ca� happe� almost a���here� �he� ma� �ot 

eve� �e �ear a �od� of �ater� althou�h river a�d coastal floodi�� are t�o of the most commo� 
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t�pes� �eav� rai�� poor drai�a�e� a�d eve� �ear�� co�structio� pro�ects ca� put �ou at ris� for 

flood dama�e� �ecause flood ris� is al�a�s cha��i��� commu�ities use tools to u�dersta�d their 

ris� a�d ta�e actio� to protect their families� homes a�d �usi�esses�

�lood ha�ard maps are o�e tool commu�ities use to ��o� �hich areas have the hi�hest ris� of 

floodi��� �he flood ha�ard maps aim is to mi�imi�e the dama�e i� case of flood �� �ivi�� 

i�formatio� to the reside�ts i� adva�ce ��hida�ara� ������   

�odel �uilder to �e�erate flood ha�ard map� �he flood ha�ard a�al�sis �as �ill �e computed 

usi�� the multi�criteria evaluatio� ���E� tech�i�ue� �o ru� ��E� �e �ill select flood causative 

factors such as slope� soil t�pe� elevatio�� la�d use/la�d cover� drai�a�e de�sit�� a�d rai�fall �ill 

develop a�d �ei�ht� �he� �ei�ht overla� tech�i�ue �ill co�duct i� �rc���� �o�sideri�� the 

de�ree of loss to �e total for the stud� area� the vul�era�ilit� is assumed to �e o�e� �i�all�� la�ers 

of eleme�ts at ris� �populatio� de�sit� a�d la�d use� a�d flood ha�ards �ere overlaid usi�� �ei�ht 

overla� a�al�sis tech�i�ues i� ��� e�viro�me�t to �e�erate a flood ris� map of the �ddis ��a�a�

�atellite remote se�si�� ima�e processi�� al�orithms a�d �eo�raphical i�formatio� s�stem ����� 

approaches �ill �e impleme�ted to accomplish the mai� o��ective of the stud� �e impleme�ted to

accomplish the stud�� i�e�� to a�al��e the la�d�use cha��e a�d its impact o� the flood� �ccordi�� 

to the �or�flo� summaries i� �i�ure �� a la�d�use cha��e a�al�sis �ill �e co�ducted to determi�e 

ho� much alteratio�s have ta�e� place i� the �ddis ��a�a duri�� the period ����� ����� �urther� 

a compariso� �et�ee� flood a�d �ai�fall of ��������� �ill �e co�duct to correlate the flood 

co�ditio�s� �he impact of la�d�use cha��es o� ����� ����� flood �ill �e a�al��ed �ased o� the 

fi�di��s of these i�vesti�atio�s illustrated i� �i�ure ��

�����������������������������������������������

cha��e detectio� is the process of determi�i�� cha��es i� a� o��ect�s or phe�ome�o��s state �� 

mo�itori�� it at various i�tervals� �ha��e detectio� is a� importa�t process i� mo�itori�� a�d 

ma�a�i�� �atural resources a�d ur�a� developme�t �ecause it provides a �ua�titative a�al�sis of 

the spatial distri�utio� of the populatio� of i�terest ��pe�emi� ������

�imel� a�d accurate cha��e detectio� of � �Earth�s surface features provides the fou�datio� for 

�etter u�dersta�di�� of relatio�ships a�d i�teractio�s �et�ee� huma� a�d �atural phe�ome�a to 
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�etter ma�a�e a�d use resources� �� �e�eral� cha��e detectio� i�volves the applicatio� of multi�

temporal datasets to �ua�titativel� a�al��e the temporal effects of the phe�ome�o���u et al�� 

������

�o properl� i�ve�tor� a�d trac� ���� cha��es� remote se�si�� offers a relia�le data source from 

�hich updated la�d�cover i�formatio� ca� �e retrieved� �herefore� remotel� se�sed data is a 

pote�tial source of ���� i�formatio� that ma� �e properl� assessed a�d mo�itored at a lo� cost

��ra�cis� ������

��formatio� o� ���� a�d possi�ilities for their optimal use is esse�tial for selecti��� pla��i�� a�d 

impleme�tatio� of selecti�� a�d impleme�ti�� la�d use schemes to meet the i�creasi�� dema�ds 

for �asic huma� �eeds a�d �elfare� �his i�formatio� also assists i� mo�itori�� the d��amics of 

la�d use resulti�� from cha��i�� dema�ds of the i�creasi�� populatio� ��i�ari � �a�e�a� ������ 

�he accurac� assessme�t of the classif�i�� ima�es of ����� ���� �ill evaluate �� usi�� the �rou�d 

data� 

��� G������������������������������������������������������L�����������������������

��������

�he �emote �e�si�� a�d �eo�raphic ��formatio� ��stem have proved to �e ver� importa�t i� 

assessi�� a�d a�al��i�� la�d use a�d la�d cover cha��es ��haudhr� et al�� ����� �he stud� of la�d 

use a�d la�d cover cha��e has �ee� revolutio�i�ed �� satellite��ased remote se�si��� �hich ca� 

offer s��optic i�formatio� o� la�d use a�d la�d cover at a specific time a�d locatio�� �he 

�ua�titative a�al�sis a�d ide�tificatio� of surface cha��es� characteristics a�d processes ca� �e 

a�al��ed from the differe�t periods of remote se�si�� data�

�� the last three decades� remote se�si�� tech�olo�ies a�d methods have evolved dramaticall� to 

i�clude a suite of se�sors operati�� at a �ide ra��e of ima�i�� scales �ith pote�tial i�terest a�d 

importa�ce to pla��ers a�d la�d ma�a�ers� �oupled �ith the read� availa�ilit� of historical remote 

se�si�� data� the reductio� i� data cost a�d i�creased resolutio� from satellite platforms� remote 

se�si�� tech�olo�� appears poised to ma�e a� eve� more si��ifica�t impact o� pla��i�� a�e�cies 

a�d la�d ma�a�eme�t i�itiatives i�volved i� mo�itori�� la�d�cover a�d la�d�use cha��e at a 

variet� of spatial scales ��o�a� � �he�� �����
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�� rece�t �ears� the si��ifica�ce of spatial data tech�olo�ies� especiall� remotel� se�sed data a�d 

�eo�raphic i�formatio� s�stems ������ has �reatl� i�creased ��adesse et al�� ������

�emote se�si�� data o�tai�ed from satellites a�d aerial platforms are valua�le sources of 

i�formatio� providi�� up�to�date i�formatio� a�out our �atural resources� a�d cit� i�frastructure 

facilities� ��� a�al�ses �ill �ive the actual area of each la�d use class a�d the area of cha��e� 

throu�h the overla� operatio���adesse et al�� ������

��� G�������������������������������������������������������������������������

�emote �e�si�� ���� a�d �eo�raphical ��formatio� ��stems ����� have mai�l� �ee� ha�d� i� 

flood ma�a�eme�t� �hrou�h modelli�� coupled �ith �� a�d ��� use� floods ca� �e predicted a�d 

the flood vul�era�le a�d flood ris� areas ca� �e mapped out� �his i�formatio� is importa�t to the 

polic�ma�ers a�d the pu�lic� especiall� i� the affected areas� i� terms of providi�� earl� �ar�i��s� 

evacuatio� e�ercises a�d �e�eral prepared�ess� �ost flood a�al�ses ca� also �e do�e usi�� �� a�d 

��� tech�i�ues� �� this �a�� a� idea ca� �e computed re�ardi�� eco�omic losses� i�frastructural 

dama�es� a�d reco�structio� costs  ��polot� ������

�����T��������������������������������������������������������������������

�ha��es i� la�d use patter�s certai�l� provide ma�� social a�d eco�omic �e�efits� �o�ever� la�d 

use cha��es also directl� impact the �atural e�viro�me�t� affecti�� directl� impact the �atural 

e�viro�me�t� �e�ativel� affecti�� �atural resources availa�ilit� such as soil a�d �ater� �ha��es i� 

���� have a� o� �atural s�stems� capacit� to provide huma� �eeds� �he� also impact ho� 

vul�era�le places a�d people are to socio�political� eco�omic� a�d climatic cha��es���ulaima� et 

al�������

���� cha��es have a si��ifica�t impact o� �ater �ua�tit� throu�h releva�t h�drolo�ical 

processes� ���� pla��i�� a�d ma�a�eme�t directl� affect the sustai�a�ilit� of �ater 

resources���ot�i et al�� ������

�a�d surface characteristics ca� si��ifica�tl� i�flue�ce a �atershed�s h�drolo�� �� affecti�� 

rai�fall i�filtratio�� ru�off �e�eratio�� overla�d a�d cha��el flo�s� a�d other h�drolo�ical 

processes� �hus� o�e of the �a�s that huma� activities have cha��ed the re�io�al h�drolo�ical 

c�cle i� ma�� areas is �� cha��i�� the ���� ��i et al�� ������
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���� cha��e i�flue�ces �asi� h�drolo�ical respo�ses �� dividi�� rai�fall paths i�to su��surface� 

surface ru�off� a�d flo� �ac� to the atmosphere i� evaporatio� a�d tra�spiratio�� �a�d�cover 

cha��es are vastl� promi�e�t i� the developi�� cou�tries that are characteri�ed �� a�riculture�

�ased eco�omies a�d rapidl� i�creasi�� huma� populatio�� �he cha��es i� �ater availa�ilit� due 

to ���� a�d climate cha��es� compou�ded �ith rapidl� �ro�i�� populatio� a�d i�crease i� per 

capita �ater dema�d� �ill adversel� affect the food� �ater a�d e�er�� securit� of those cou�tries

��e�ale�� a�d �ie��r��er� �����

���� cha��e is o�e of the importa�t huma� i�terve�tio�s alteri�� surface a�d �rou�d �ater 

�ualit� a�d �ua�tit�� �he stud� of a catchme�t�s h�drolo�ical c�cle a�d h�drolo�ical respo�se have 

�ecome ver� comple� due to complicated i�terrelatio�ship �et�ee� various h�drolo�ical 

compo�e�ts such as precipitatio�� evaporatio�� tra�spiratio�� i�filtratio�� a�d ru�off ���ara�ish 

� �a�asri� ������

�he �a�d surrou�di�� the �it� of �ddis ��a�a has u�der�o�e treme�dous tra�sformatio� due to 

i�creased a�riculture� i�dustr�� a�d ur�a� e�pa�sio� activit�� �hese la�d�use cha��es affect the 

ecos�stem i� terms of la�d cover� la�d �ualit� a�d capa�ilit�� �eather a�d climate� �ua�tit� of 

la�d that ca� �e sustai�ed� a�d populatio� a�d socio�eco�omic determi�a�ts ��adesse et al�� 

�������here for ���� cha��e have si��ifica�t effect o� h�drolo�ical process�

���� T�� �������������������E��������

�lood is a �atural actio�� �ut ma��i�d�s activities accelerate floodi��� �t occurs at irre�ular i�tervals 

a�d varies i� si�e area of e�te�t a�d duratio� ��e�ese � �umi� ������

�lood ris� is o�e of the most importa�t e�viro�me�tal a�d societal issue ris� is ��e of the most 

importa�t e�viro�me�tal a�d societal issues� �lood ca� occur i� ma�� parts of the �orld as 

riveri�e� flash or ur�a�� a�d coastal floods� a�d causes impacts to people� properties� 

i�frastructures� a�d the e�viro�me�t� �lood ca� occur i� ma�� parts of the �orld as riveri�e� flash 

or ur�a�� a�d coastal floods� a�d causes impacts to people� properties� i�frastructures� a�d the 

e�viro�me�t� �lood ris� i�creases as people see� the �e�efits of livi�� �ear �ater a�d e�croach o� 

flood vul�era�le areas� �lood ris� i�creases as people see� the �e�efits of livi�� �ear �ater a�d 

e�croach o� flood vul�era�le areas� �loodi�� is fre�ue�tl� �rou�ht o� �� factors i�cludi�� rai�fall 
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�ua�tit� a�d duratio�� river flo�� topo�raph�� soil co�ditio�s� previous co�ditio�s� �rou�d cover� 

a�d other �atural a�d ma��made causes li�e climate cha��e ��amo et al�� ������

Ethiopia has a particularl� varia�le climate� �a�d of drou�hts a�d floodi��s� �loods are ofte� 

e�plai�ed as e�cess flo�s e�ceedi�� the tra�sporti�� capacit� of the river cha��el� la�es� po�ds� 

reservoirs� s�stem� dam� a�d the other �ater �odies� �here�� �ater i�u�dates outside the �ater 

�odies areas ��e�ese � �umi� ������

�� ma�� river s�stems of Ethiopia� floods ca� cause a ra��e of impacts a�d ris�s such as pollutio� 

of dri��i�� �ater� death a�d i��ur�� the distractio� of houses a�d livel� hood� displaceme�t� a�d 

distractio� of the commu�it� a�d �ildlife� �hese da�s� ma�� parts of Ethiopia are affected �� 

flash� ur�a�� a�d riveri�e floods fre�ue�tl� duri�� the rai�� seaso� tri��ered �� heav� rai�fall 

episodes ��amo et al�� �����
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��A�TER�T�REE

���MET�ODOLOG�

����S���������

Addis�Ababa�lies�on�the�western�ed�e�o��the��i�t��alle��es�ar��ent�at�������atitude and��������

lo��itude ��u��eh� �������ddis ��a�a has �ee� the capital of the cou�tr� over a ce�tur� a�d as 

a result it is o�e of the fastest �ro�i�� metropolita� areas i� Ethiopia �ith a curre�t populatio� of 

a�out ��� millio� i� a� area of ��� �m� a�d located i� the hi�hla�ds �ith a� elevatio� of arou�d 

���� m� �o the �orth� �earer the E�toto �ou�tai� ra��es� the hei�ht ca� i�crease �� more tha� 

���� meters� �ata for the �ears ���� to ���� sho� that the a��ual rai�fall ca� ra��e from ��� to 

���� mm� �he temperature of this area ca� ra��e from �������� ��o�es et al�� ����� �

Figur� ���ocatio� �ap of �ddis ��a�a stud� area�h���s����ar�h���lor�r�usgs�go� and addis 
a�a�a �i�� ad�ins�ra�ion�
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�his research uses four releva�t data� �amel� the �a�dsat ima�e of the �ear ��������������� a�d 

����� �i�ital elevatio� �odel� soil map a�d �ai�fall� �he �a�dsat ima�er a�d �E� �ere o�tai�ed 

from ���� �https�//earthe�plorer�us�s��ov� � soil map a�d rai�fall data are o�tai�ed from

fao�https�//����fao�or�� a�d ���� ��e�ter for ��drometeorolo�� a�d �emote �e�si���

�https�//chrsdata�e���uci�edu� respectivel��

������L�������������

�atellite ima�es are a� importa�t data to mo�itor ���� �ith remote se�si�� ��oppi� et al������

�a�dsat ima�er� �as used to determi�e ���� cha��e� �hile dates �ere selected �ased o� data 

�ualit�� data availa�ilit� ��a�le �����ost researchers to classif� ���� cha��eover the last three 

or four decades at ever� te� �ears accordi�� this stud� classified the stud� area over the last four

decades at ever� te� �ears� �our �a�dsat ima�eries �ere ac�uired for the �ears ����� ����� ����

a�d ���� from the ����� �he soft�are pac�a�es� E���� �ma�i�e ���� a�d �rc ��� ���� �ere 

emplo�ed at various sta�es of a�al�sis�

�a�le �� �ata �ource�https�//earthe�plorer�us�s��ov�

�atellite �e�sor �ath/�o� �ate

��������� �� ���/��� ����������

��������� �� ���/��� ����������

��������� �������� ���/��� ����������

��������� �������� ���/��� ����������

�
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�i�ure ���a�dsat �ma�er� of the �tud� area��https�//earthe�plorer�us�s��ov�

������D������������������������DEM�

�i�ital Elevatio� �odel ��E�� is the di�ital represe�tatio� of the la�d surface elevatio� �ith 

respect to a�� refere�ce datum a�d fre�ue�tl� used to refer to a�� di�ital represe�tatio� of a 

topo�raphic surface� �E� is the simplest form of di�ital represe�tatio� of topo�raph�� �E�s are 

used to determi�e terrai� attri�utes such as elevatio� at a�� poi�t� slope a�d aspect� �errai� features 

li�e drai�a�e �asi�s a�d cha��el �et�or�s ca� also �e ide�tified from the �E�� �he data o�tai�ed 

from ����� �� this research elevatio�� slope a�d drai�a�e de�sit� are e�tracted from �E��
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�i�ure ���i�ital elevatio� model ��E��of the stud� area��https�//earthe�plorer�us�s��ov�

������S����

�� importa�t factor i� determi�i�� flood ha�ard areas is the t�pe of soil �ecause it ca� i�crease or 

decrease the e�te�t of flood eve�ts� �iffere�t soil t�pes have differe�t capacities to i�filtrate �ater� 

�he soil map of thestud� area �as o�tai�ed from fao�https�//����fao�or� �soil data �ase from 

�lo�al �oil �ata �ase classificatio��

�i�ure ���oil �ap of the stud� area�https�//����fao�or��
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�ai� fall is a� importa�t criterio� for flood ha�ard �ecause it ca� i�crease or decrease the amou�t 

of flood� �ai� fall data o�tai�ed from ���� �Cen�e������������e�e���������n���e���e��en��n��� �

�

�i�ure ���ai� fall map of the stud� area�https�//chrsdata�e���uci�edu�

�
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�patial a�al�sis i� ��� e�viro�me�t �ill �e applied to estimate floodi�� i� �hich five releva�t 
factors �ill �e selected� �a�dsat ima�e of ����� ���������a�d ����� stud� area� �i�ital elevatio� 
model��E��� �oil map a�d �ai�fall� �he i�flue�ce of these factors �as i�vesti�ated �� emplo�i�� 
the se�sitivit� a�al�sis a�d ��al�tic �ierarch� �rocess ����� method sho�� i� �i�ure ��

�i�ure �� �ethodolo�� flo� chart

�������������������������� �����������������

������������������������������

�uri�� remote�se�si�� classificatio�� �e must �eep i� mi�d ma�� factors that ma�e it a 

complicated tas�� �he mai� steps i�volved i� ima�e classificatio� are determi�i�� a suita�le 

classificatio� s�stem� feature e�tractio�� selecti�� �ood trai�i�� samples� ima�e pre�processi�� 
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a�d selectio� of appropriate classificatio� method� post�classificatio� processi��� a�d fi�all� 

assessi�� the overall accurac� ��ath et al�� �������� �ost literature for ���� cha��e detectio�

a�al�sis ��riculture� �arre� �a�d� �uilt up area� �orest a�d �ater �odies are commo�� �ccordi�� 

to this � �o ma�e cha��e detectio� a�al�sis a�d evaluatio� easier� the stud� area�s various ���� 

classes �ere divided i�to five cate�ories� �he ���� classificatio� i�cludes ��riculture� �arre� 

�a�d� �uilt up area� �orest a�d �ater �odies�

�a�le �� �ma�e �lassificatio� �etails ��ive�a�a�da et al�� �����

��riculture

la�d �reas characteri�ed �� a hi�h de�sit� of �rasses� her�s� a�d crops� i�cludi�� 

par�s a�d re�ularl� tilled� pla�ted cropla�ds�

�arre� 

la�d

�his cate�or� i�cludes la�d �ithout crops� la�d �ith �arre� roc�� a�d sa�d areas 

alo�� rivers/stream �eaches

�uilt�up

�a�d covered �� co�crete� i�cludi�� lo��� medium� a�d hi�h�de�sit� road �et�or�s� 

reside�tial� i�dustrial� a�d commercial �uildi��s� educatio�al i�stitutes� 

tra�sportatio�� ope��roof co�crete structures� other huma��made structures� a�d solid 

�aste la�dfills�

�orest �a�d characteri�ed �� relativel� sparse forest ve�etatio�

�ater 

�odies �reas covered �� �ater� i�cludi�� rivers� reservoirs� po�ds� la�es� a�d streams�

�or ima�e classificatio� of the stud� area the follo�i�� procedures �ere applied �

�� �������������

�reprocessi�� of ima�e i�cludi�� �adiometric correctio� a�d �eometric correctio� �ere applied�

�hich is selecti�� approperate map pro�ectio� re�istratio��simple poi�t�too�poi�t match of a� 

ima�e to a�other ima�e or map� a�d recitificatio��correcti�� a� ima�e to a specific map pro�ectio��

for the stud� area�

��� ������������������������������

��o ma�or t�pes of classificatio� tech�i�ues� �upervised a�d ��supervised� �a�d cover 

classificatio� from remote se�si�� ���� ima�es� is �e�erall� performed �� usi�� supervised 

classificatio��tech�i�ues� �his tech�i�ue re�uires the availa�ilit� of la�elled�samples for trai�i�� 

the supervised al�orithm� �uri�� trai�i��� samples� the amou�ts are ver� crucial for o�tai�i�� 

accurate�classificatio� maps ��ath et al�� ������ i� this stud� supervised classificatio� tech�i�ues 

is used for the stud� area�
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Land�use/Landco�e���L�L�����ass���ca��on���u�e���sed�

�upervised classificatio� is the tech�i�ue most ofte� used for �ua�titativel� a�al��i�� remote 

se�si�� ima�e data� �he supervised classificatio� �as applied after defi�ed area of i�terest ����� 

�hich is called trai�i�� classes� �ore tha� o�e trai�i�� area �as used to represe�t a particular 

class� �he trai�i�� sites �ere selected i� a�reeme�t �ith the �a�dsat �ma�e� �he �asic se�ue�ce 

operatio� follo�ed o� supervised classificatio�� 

�efi�i�� of �rai�i�� �ites� �he first step i� u�derta�i�� a supervised classificatio� is to defi�e the 

areas that �ill �e used as trai�i�� sites for each la�d cover class� �his is usuall� do�e �� usi�� the 

o��scree� di�iti�ed features� �he created features are called �rea of ��terest ������ �he selectio� 

of the trai�i�� sites �as �ased o� those areas clearl� ide�tified i� all sources of ima�es� �� this 

stud�

E�tractio� of �i��atures� �fter the trai�i�� site ����� �ei�� di�iti�ed� the �e�t step �as to create 

statistical characteri�atio�s of each i�formatio�� �hese are called �i��atures editors i� E���� 

�ma�i�e ����� �� this step� the �oal �as to create a si��al ����� file for ever� i�formatio�al class� 

�he ��� files co�tai� a variet� of i�formatio� a�out the la�d cover classes descri�ed� �fter the 

e�tire si��ature have �ee� created� the� the ��� file saved as dialo���� supervised classificatio� 

tech�i�ues ma�� al�orithms li�e �a�imum �i�elihood� �i�imum �ista�ce� a�d �arallelepiped 

classificatio� etc���l�dos�i et al�� ������i� this research � used ma�imum li�elihood al�orithms 

�ecause this al�orithm is o�e of the most �idel� used classifiers i� the remote se�si��� �� this 

method� a pi�el is assi��ed to the class for �hich it has ma�imum li�elihood of mem�ership� �his 

classificatio� al�orithm uses trai�i�� data to estimate mea�s a�d varia�ces of the classes���hich 

are the� used to estimate pro�a�ilities of pi�els to �elo�� to differe�t classes� �a�imum li�elihood 

classificatio� co�siders �ot o�l� mea� or avera�e values i� assi��i�� classificatio� �ut also the 

varia�ilit� of �ri�ht�ess values i� each class arou�d the mea�� �t is the most po�erful of the 

classificatio� al�orithms as lo�� as accurate trai�i�� data is provided a�d certai� assumptio�s 

re�ardi�� the distri�utio�s of classes are valid��ull� �������or the stud� area �mi�imum of fiftee� 

si��ature �ere used for each ���� t�pe�

���� ���������������

�omplet �eometric correctio� � filteri�� a�d classificatio� decorati�� a�d accurac� assessme�t 

compare classificatio� results of the stud� area �ith the �oo�le earth is applied �

A��������A����������

��e of the most importa�t fi�al steps at classificatio� process is accurac� assessme�t� �� accurac� 

assessme�t of a classified ima�e �ives the �ualit� of i�formatio� that ca� �e o�tai�ed from 

remotel� se�sed data� �he �ccurac� assessme�t is performed �� compari�� a map produced from 

remotel� se�sed data �ith �oo�le earth� �verall accurac� for a particular classified ima�e/map is 
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the� calculated �� dividi�� the sum of the e�tries that form the ma�or dia�o�al �i�e�� the �um�er of 

correct classificatio�s� �� the total �um�er of samples ta�e���tor� � �o��alto�� �������fter 

ima�e is classified� �e�erati�� a set of ��� ra�dom  poi�ts��ilahu�� ����� a�d � total of �� ra�dom 

poi�ts �ere used for the validatio� a�d accurac� of the classificatio� results ��slami et al�� �����

a�d �oth have a �ood result accordi�� to this � total of ��� poi�t �for �uilt up �� poi�ts �for  �arre� 

la�d a�d a�riculture �� poi�ts for each a�d for forest a�d �ater �odies �� poi�t for each � �ere 

created for each �ears i� the classified ima�e of the stud� area�� �� this research� overall 

classificatio� accurac� a�d overall� �appa statistic are computed a�d overall accurac�� user�s a�d 

producer�s accuracies� a�d �appa coefficie�ts �ere used to summari�e the i�formatio� a�d to 

o�tai�i�� accurac� measures�

�a�le �� �ati�� �riteria of �appa statistics��slami et al�� �����

�o �appa statistics �tre��th of a�reeme�t

� �� �oor

� ���� – ���� �li�ht

� ���� – ���� �air

� ���� – ���� �oderate

� ���� – ���� �u�sta�tial

� ���� – ���� �lmost perfect

�������������������M���

� flood ha�ard map is a crucial tool for determi�i�� a flood�pro�e area�s vul�era�ilit�� �he flood 

ha�ard maps aim is to mi�imi�e the dama�e i� case of flood �� �ivi�� i�formatio� to the reside�ts 

i� adva�ce��hida�ara� �������his research focuses o� evaluati�� flood ha�ard �o�e i� �ddis 

��a�a �it�� �or the estimatio� of flood ris� �o�es i� �hich si� releva�t ph�sical factors have �ee� 

selected �amel�� rai�fall amou�t� slope� elevatio�� drai�a�e de�sit�� la�d use la�d cover a�d soil 

t�pe �ased o� permea�ilit�� �hese factors �ere selected as of literature revie� made �hich �ere 

co�ducted �� most research papers� �he i�flue�ce of these factors �as i�vesti�ated emplo�i�� 

se�sitivit� a�al�sis method a�d ��al�tic �ierarch� �rocess ����� method �i�ure ��

������� A�����������������������������A���

�� the ����s� �homas �� �aat� developed the a�al�tic hierarch� process ����� tech�i�ue� �hich 

co�structs a decisio��ma�i�� pro�lem i� various hierarchies as �oal� criteria� su��criteria� a�d 

decisio� alter�atives��ipahi � �imor� ������ �� this stud�� the factors for flood�ge�e�����g���are 

filled i� matri� usi�� �rou�d truth� topo�raphic setup� area of ��o�led�e� field specialist �ud�me�t 

a�d literature revie� i� su��ect matter a�d the pair�ise compariso� matri� emplo�ed� �fter 

pair�ise compariso� �ormali�i�� the matri� a�d co�siste�c� ratio is do�e�
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�� this stud�� �rc��� �ith spatial a�al�sis tool�o� modules is used coupli�� �ith a� e�cel spread 

sheets for the a�al�sis for the computatio�s of �ei�hts a�d rati��s for each flood ha�ard produci�� 

factors�

�a�le �� �u�dame�tal ��� �ud�me�t �cale �ith i�te�ers � to � a�d their defi�itio��saat�������

�

�

In�this�study,�th�����t��s���������d���n���tin��s���i���d��nd�d�������d��in���t�i��usin�����und�t�uth,�
topo�raphic setup� area of ��o�led�e� field specialist �ud�me�t a�d literature revie� i� su��ect 
matter that represe�ted ��he pair�ise compariso� matri� emplo�ed usi�� � � � matri�� �here 
dia�o�al eleme�ts are e�ual to �� �his implies� �he values of each ro� are compared �ith each 
colum� to defi�e the relative importa�ce to o�tai� rati�� score� ���� is moderate importa�ce 
from rai�fall a�d assi�� the value �� �he i�verse of pair�ise compariso� matri� is  �/� for ���� 
that sho� i� the �a�le �

�a�le ���air�ise �ompariso� �atri� ��ud�me�t �atri��

�actors �ai� fall �raia��e ���� �oil t�pe slope elevatio�

�ai� fall � � � � � �

�raia��e 
�e�sit� 

�/� � � � � �

��te�sit� of 
�mporta�ce

D��������� E�pla�atio�

1 E�ual �mporta�ce
��o activities co�tri�ute e�uall� to the 

o��ective

2 �ea� or sli�ht

3 �oderate importa�ce
E�perie�ce a�d �ud�eme�t sli�htl� favor o�e 

activit� over a�other

4 �oderate plus

5 �tro�� importa�ce
E�perie�ce a�d �ud�eme�t stro��l� favor o�e 

activit� over a�other

6 �tro�� plus

7
�er� stro�� or demo�strated 

importa�ce

�� activit� is favored ver� stro��l� over 
a�other� its domi�a�ce demo�strated i� 

practice
8 �er�� ver� stro��

9 E�treme importa�ce
�he evide�ce favori�� o�e activit� over 

a�other is of the hi�hest possi�le order of 
affirmatio�

Re����������
�������e

�f activit� i has o�e of the a�ove 
�o���ero �um�ers assi��ed to it 

�he� compared �ith activit� �� the� 
� has the reciprocal value �he� 

compared �ith i

� reaso�a�le assumptio�

������� �f the activities are ver� close

�a� �e difficult to assi�� the �est value �ut 
�he� compared �ith other co�trasti�� 

activities the si�e of the small �um�ers �ould 
�ot �e too �oticea�le� �et the� ca� still i�dicate 

the relative importa�ce of the activities�
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���� �/� �/� � � � �

�oil t�pe �/� �/� �/� � � �

slope �/� �/� �/� �/� � �

elevatio� �/� �/� �/� �/� � �

�um ���� ���� ���� ����� ����� �����

�

�ivided each eleme�t of the matri� �� the colum� total �� the total value of the colum��

a�d calculated the avera�e of the eleme�ts of each ro��

�ormali�i�� the matri�  computed �� dividi�� each eleme�t i� ever� colum� divided �� the sum 

of that colum� a�d criteria �ei�ht ca� �e the avera�e of each ra� i� the �ormali�i�� matri�

�a�le ���ormali�i�� the matri� a�d criteria �ei�ht

�actors �ai� fall �raia��e ���� �oil t�pe slope elevatio� �ei�ht

�ai� fall ���� ���� ���� ���� ���� ���� 33%�

�raia��e�e�sit� ���� ���� ���� ���� ���� ���� 27%�

���� ���� ���� ���� ���� ���� ���� ��%�

�oil t�pe ���� ���� ���� ���� ���� ���� �%�

slope ���� ���� ���� ���� ���� ���� 7%�

elevatio� ���� ���� ���� ���� ���� ���� 7%�

�

��dividual �ud�me�ts �ever �e a�reed perfectl�� �� order to remove or mi�imi�e a�� su��ectivit��duri�� 

prioritai�atio� rate importa�ce of o�e criteria a�ai�st a�other criter it is importa�t to compute co�siste�c� 

ratio ���� a�d computed usi�� the formula �� �E�����he �o�siste�c� �atio ���� tells the decisio��

ma�er ho� co�siste�t he/she has �ee� �he� ma�i�� the pair��ise compariso�s� � hi�her �um�er 

mea�s the decisio��ma�er has �ee� less co�siste�t�

�hereas a lo�er �um�er mea�s the decisio��ma�er has �ee� more co�siste�t� � �f the �o�siste�c� 

�atio ���� � ����� the decisio��maker’s��a�r��ise compariso�s are relativel� co�siste�t� if the 

�o�siste�c� �atio ���� � ����� the decisio��ma�er should seriousl� co�sider re�evaluati�� his/her 

pair��ise compariso�s � the source�s� of i�co�siste�c� must �e ide�tified a�d resolved a�d the 

a�al�sis re�do�e��u��� ������

�o compute the ��� first� the �o�siste�c� ��de� ���� from the pair�ise compariso� matri� of all 

the parameters

�o�siste�c� i�de��������ma���/�����������E� �
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� is the �um�er of factors co�sidered �hich is � a�d lamdeda �λma������the avera�e of co�siste�c� 
vector calculated i� e�cel spreadsheets a�d the values is  ���� a�d the co�siste�c� i�de� is 
computed i� the a�ove e�uatio� �hich is �����

�he �� has �ee� computed usi�� E�� �elo�

�������� ����������������������������������������� �� �

�here �� is the ra�dom i�de� �hose value depe�ds o� the �um�er of factors compared ������
provided ����aat�� ����� i��a�le ��elo��

�a�le ���a�dom i�de� values��aat�� �����

� � � � � � � � � � ��
�� � � ���� ��� ���� ���� ���� ���� ���� ����

�e�ce� the �o�siste�c� ratio ���� has �ee� computed usi�� the a�ove e�uatio� �ives a value

of ������ �i�all�� the calculated co�siste�c� ratio is that is lo�er tha� the threshold ���� so that the 

weights’�consistenc��is�con�i��e���n���cce�te���s��e��i�e�����the�������inci��es�

�a�le ���ei�ht of factors

�actors �ei�ht

�ai� fall ��
�rai�a�e �e�sit� ��

���� ��
�oil t�pe �

slope �
elevatio� �

�

�fter calculati�� the relative� importa�ce a�d determi�i�� the �ei�ht of each factor i� the

hierarch��the vul�era�ilit� is�calculated usi�� the follo�i�� formula�

�ul�era�ilit� � ���� �ai�fall� ���� �rai�a�e �e�sit� � ���� ����� ���� �oil t�pe � ���� �lope 

����� Elevatio��

�����������������������������

�e�sitivit� a�al�sis methods have �ee� applied i� various fields� �fter assessi�� ho� importa�t 

each criterio� is� the decisio��ma�er is more e�uipped to ma�e choices� �o put it a�other �a�� the 

decisio� ma�ers must e�plai� ho� respo�sive the real ra��i�� of the alter�atives is to cha��es i� 

the e�isti�� �ei�hts of the choice criteria��a�� et al�� ������ �e�sitivit� a�al�sis is do�e to 
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determi�e the relative importa�ce of the me�tio� flood �e�erati�� factors� ��itiall� e�ual �ei�ht 

has �ee� �ive� for all the si� factors �rai�fall amou�t� slope� elevatio�� river de�sit�� la�d use a�d 

soil t�pe �ased o� permea�ilit� a�d �ase case sce�ario �as performed� �he�� flood vul�era�ilit� 

i�de�es of differe�t sce�arios� �hich tur� off the �ei�ht of i�dividual factor at a time� �ere 

determi�ed� �o�se�ue�tl�� the produced flood pro�e areas �ere compared a�ai�st �ase case 

sce�ario a�d �ei�ht of the factors are determi�ed�

��itiall� e�ual �ei�ht has �ee� �ive� for all the si� factors �rai�fall amou�t� slope� elevatio�� river 

de�sit�� la�d use a�d soil t�pe �ased o� permea�ilit� a�d �ase case sce�ario �as performed

�sce�ario ���

�a�le ���ati�� of factor for se�sitivit� a�al�s for sce�ario��

�ce�ario �actor �ei�ht���

�ce�ario �

�lope �����

Elevatio� �����

�rai�a�e �e�sit� �����

�ai� �all �����

���� �����

�oil �����

Each �ei�hted value of flood �e�erati�� factor is ������ �i�e the sum of all factor should �e 

co�sidered ���� a�d usi�� a �ei�hted overla� spatial a�al�sis i� �rc��� ���� flood ha�ard map 

�ere created as sho�� i� the �i�ure 1��

�fter the �ase sce�ario�sce�ario ��� other si� sce�arios from sce�ario � t� sce�ario � have �ee� 

performed �� tur� off the �ei�ht of i�dividual factor at a time for sce�ario � �� tur� off slope�for 

sce�ario � �� tur� off elevatio� �for sce�ario � �� tur� off drai�a�e de�sit� � for sce�ario � �� tur� 

off rai� fall for sce�ario � �� tur� of ���� a�d for sce�ario � �� tur� off soil as sho�� i� the�a�le 

�� �elo� a�d o�servi�� its effect a�d se�sitivit� i� the �e�l� created si� flood ha�ard map i� the 

�i�ure 1�� 
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�a�le ��� �ati�� of factor for se�sitivit� a�al�sis of differe�t sce�arios

�ce�ario �actor �ei�ht ��� �ce�ario �actor �ei�ht���

�ce�ario �

Elevatio� ��

�ce�ario �

�lope ��

�rai�a�e �e�sit� �� Elevatio� ��

�ai� �all �� �rai�a�e �e�sit� ��

���� �� ���� ��

�oil �� �oil ��

�ce�ario �

�lope ��

�ce�ario �

�lope ��

�rai�a�e �e�sit� �� Elevatio� ��

�ai� �all �� �rai�a�e �e�sit� ��

���� �� �ai� �all ��

�oil �� �oil ��

�ce�ario �

�lope ��

�ce�ario �

�lope ��

Elevatio� �� Elevatio� ��

�ai� �all �� �rai�a�e �e�sit� ��

���� �� �ai� �all ��

�oil �� ���� ��
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��A�TER��O�R

���RES�LT�AND�D�S��SS�ON

�� this chapter� the result of the paper is descri�ed i� detail� �ccordi��l� the result discussio� is

cate�ori�ed i� to t�o� �he first cate�or� descri�es the results of ���� cha��e a�d flood ha�ard 

map a�d seco�d cate�or� focuses o� the discussio� of the results of the ���� a�d flood ha�ard 

map�

����R����� �

����� L��������L���������� �������

�he classified ima�es have �ee� summari�ed i� the �a�le 1�� �he tre�d of ���� cha��e from 

��������� �ased o� five classes �ith a proportio�ate covera�e area for each� �oreover� the spatial 

represe�tatio� of ���� t�pes for �������������� a�d ���� is sho�� i� �i�ure �

�i�ure ���he �lassified ima�e of the stud� area
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����� �������������M��

�i�ure � depicts the process used to create the flood ha�ard area maps� �or the se�sitivit� a�al�sis 

case� usi�� �ei�hted overla� spatial a�al�sis tech�i�ues� each flood ha�ard �e�erati�� eleme�t 

�as i�itiall� �ive� a� e�ual �ei�ht �efore �ei�� used to create a flood ha�ard map i� �rc��� ����� 

su�se�ue�tl� e�ami�es the impact of o�e eleme�t �ei�� removed from the a�al�sis �� a�al��i�� 

its se�sitivit� a�d vie�i�� the �e�l� created flood ha�ard map� �hile usi�� ��� methodolo�ies�

�rior to calculati�� the mutual �pair�ise� i�teractio� ratios� all the eleme�ts that co�tri�ute to the 

ris� of floodi�� �ill �e ide�tified� �e�ce �he flood ha�ard map �ill �e created usi�� these �ei�hts� 

�etails of the a�al�sis �ere provided i� each releva�t sectio�� �or the a�al�sis for the computatio�s 

of �ei�hts a�d rati��s for each eleme�t causi�� flood ha�ards� �rc��� ���� �ith the spatial 

a�al�sis tool�o� modules �ill �e utili�ed i� co��u�ctio� �ith a� e�cel spreadshee�

������� �������������������

�� the stud� area� slope� elevatio�� rai�fall� drai�a�e de�sit�� la�d use� la�d cover� a�d soil t�pe are 

the mai� flood ha�ard �e�erati�� factors ta�e� i�to accou�t�� �hese flood ha�ard �e�erati�� factors 

�ere first co�verted i� to raster form���ccordi�� to literature revie�s� the raster la�ers have �ee� 

further cate�ori�ed depe�di�� o� their pote�tial to flood the area� at� �e�ce each factor �as 

reclassified usi�� methods of a� e�ual i�terval of five classes usi�� �patial ��al�sis 

reclassificatio� tech�i�ues i� �rc��� e�viro�me�ts� �he classificatio� a�d rati�� values for each 

eleme�t ta�e� i�to co�sideratio� i� this stud� are sho�� i� �a�le 11 �elo��

�a�le ���classificatio� a�d rati�� values for flood ha�ard

�lassificatio�s �ate 

�er� �o� �

�o� �

�oderate �

�i�h �

�er� �i�h �

�� E��������

�i�ure � sho��� �he reclassificatio� produced usi�� a �atural �rea� ��e��s� �ith classes of five�

�he lo�er the elevatio� value is the ver� hi�hl� affected �� flood a�d the� rati�� to class � �hich 

is ver� hi�h ha�ard area� �hich is lies i� �et�ee� ���� to ����m� �ollo�i�� the hi�h ha�ard class� 

there �as a class hi�h ������ ����m� rati�� �� class moderate ����������m� ratio �� class lo� 

���������� m� rati�� � a�d class ver� lo� rati�� � ���������� m�� �he classificatio� rate is sho� 

i� �a�le 1��



Evaluatio� of the impact of la�d use/ la�d cover cha��es o� the floods of �ddis ��a�a cit�

�

���
�

�

�i�ure ��Elevatio� �ap

��� L��������L���������

�he �a�d �se �a�d �over ������ of the stud� area pla� a si��ifica�t role i� the moveme�t of 

flood �ater �� hi�deri��� slo�i�� or accelerati�� o� the surface flo�� �he ���� of the studied 

re�io� has a� impact o� i�filtratio� rates� ho� surface a�d �rou�d�ater i�teract� a�d de�ris 

moveme�t���he ���� �as classified i� five classes as sho�� i� �i�ure 1���a�d use �a�d cover

�apThus,�while����es�����e�s�������i��il����i��������e�u�e��l���i��,�i��s��i�e���s��e�� lo� flood 

affected areas a�d ver� lo�er rati�� of �� ��ricultural area lo� flood affected area a�d lo� rati�� 

of �� �arre� la�d moderate flood affected area a�d rati�� � � �uilt up area hi�h flood affected area 

a�d rati�� � a�d �ater �odies ver� hi�h flood affected area a�d rati�� � as sho�� i� the �a�le 1��
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�i�ure ����a�d use �a�d cover �ap

���� R�������

�he �ai�fall i� the �ear ����� raster la�er �as classified i�to five classes� �� the classificatio� 

process of the stud� area �ith hi�her rai�fall� is ver� hi�hl� affected �� flood a�d the� rati�� as 

class �� �hich��������mm/�ear���ollo�i�� the ver� hi�h ha�ard class� there is a class hi�h �����

���mm/�ear� rati�� as class �� moderate �������� mm/�ear� rati�� as class �� lo� �������� 

mm/�ear� rati�� as class � a�d ver� lo� rati�� as class � ��������mm/�ear���� the �ear ���� �ver� 

hi�hl� affected �� flood a�d the� rati�� as class �� �hich��������mm/�ear���ollo�i�� the ver� 

hi�h ha�ard class� there is a class hi�h ��������mm/�ear� rati�� as class �� moderate ��������

mm/�ear� rati�� as class �� lo� �������� mm/�ear� rati�� as class � a�d ver� lo� rati�� as class � 

��������mm/�ear�� �� the �ear ����� ver� hi�hl� affected �� flood a�d the� rati�� as class �� 

�hich��������mm/�ear�� �ollo�i�� the ver� hi�h ha�ard class� there is a class hi�h �����

���mm/�ear� rati�� as class �� moderate ��������mm/�ear� rati�� as class �� lo� ��������
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mm/�ear� rati�� as class � a�d ver� lo� rati�� as class � ��������mm/�ear�� �� the �ear ����� ver�

hi�hl� affected �� flood a�d the� rati�� as class �� �hich����������mm/�ear�� �ollo�i�� the ver� 

hi�h ha�ard class� there is a class hi�h ����������mm/�ear� rati�� as class �� moderate ���������

mm/�ear� rati�� as class �� lo� ��������mm/�ear� rati�� as class � a�d ver� lo� rati�� as class � 

��������mm/�ear��

�

�i�ure ����ai� fall map of the �ear �������������� a�d ����

��� D��������D������

�he drai�a�e de�sit� is calculated �� dividi�� the sum of the le��ths of all the rivers a�d streams 

i� a drai�a�e �asi� �� its overall area� �he �E� �as used to compute the drai�a�e de�sit� usi�� 
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the spatial a�al�st e�te�sio� for e�tracti�� flo� accumulatio�s� �e�ce a stream pol�li�e features 

�as created from the flo� accumulatio�

�o determi�e drai�a�e de�sit� area from stream pol�li�e features i� a ��� s�stem� �er�el de�sit� 

�as used� �he drai�a�e de�sit� la�er �as classified i� five classes as sho�� i� �i�ure 1���� the 

classificatio� process a� area �ith a hi�her drai�a�e de�sit� is ver� hi�hl� affected �� flood a�d 

the� classified as ver� hi�h ha�ardous area ad rated �� �here as a� area havi�� smaller drai�a�e 

de�sit� the mi�imum area to �e affected a�d ra�� as ver� �o�� �he �a�le 1� sho�s the detail 

classificatio� class a�d ra��i�� of drai�a�e de�sit��

�i�ure ���drai�a�e �e�sit� map

�� S����

�he slope is computed from �E� a�d reclassified i� to five classes that sho�� i� the �i�ure 1��

�lope affects the amou�t of surface ru�off a�d i�filtratio� �ecause �ater flo�s from hi�her to 

lo�er altitudes� �his is �ecause �ater moves �uic�l� i� areas �ith steep topo�raph� a�d is less 

affected �� floodi��� �ut �ater moves slo�l� i� areas �ith flat terrai� a�d mi�ht cause floodi�� 

ha�ards���aturall�� lo� slope a�d lo� elevatio� have �ee� assi��ed the hi�hest rati�� of �� as flood 

pro�e areas of �a�le 1�
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�i�ure ����lope map

��� S���

�oils are a �e� factor i� determi�i�� flood ris� si�ce the� have the pote�tial to cha��e the si�e of 

flood eve�ts� �iffere�t soil t�pe has differe�t capacit� to i�filtrate �ater��he �i�ure 1� sho�s 

reclassificatio��  

�

�i�ure ���soil map
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�oil properties i�flue�ce the relatio�ship �et�ee� ru�off a�d rai�fall si�ce soils have

differi�� rates of i�filtratio�� �ermea�ilit� a�d i�filtratio� are the pri�cipal data re�uired to

classif� soils��roups ������ �ased o� i�filtratio� rates� the �oil��o�servatio� �ervice ����� has 

divided soils i�to four h�drolo�ic soil �roups as follo�s��a�ual � �e�site� ������

�roup �� �a�d� loam� sa�d or sa�d� loam� �oils havi�� a lo� ru�off pote�tial due to hi�h

i�filtratio� rates� �hese soils primaril� co�sist of deep�������drai�ed sa�ds a�d �ravels�

�roup �� �ilt loam� or loam� �oils havi�� a moderatel� lo� ru�off pote�tial due to moderate 

i�filtratio� rates� �hese soils primaril� co�sist of moderatel� deep to deep� moderatel� �ell to �ell 

drai�ed soils �ith moderatel� fi�e to moderatel� coarse te�tures�

�roup �� �a�d� cla� loam� �oils havi�� a moderatel� hi�h ru�off pote�tial due to slo� i�filtratio� 

rates� �hese soils primaril� co�sist of soils i� �hich a la�er e�ists �ear the surface that impedes 

the do���ard moveme�t of �ater or soils �ith moderatel� fi�e to fi�e te�ture�

�roup �� �la� loam� silt� cla� loam� sa�d� cla�� silt� cla� or cla�� �oils havi�� a hi�h ru�off 

pote�tial due to ver� slo� i�filtratio� rates� �hese soils primaril� co�sist of cla�s �ith hi�h 

s�elli�� pote�tial� soils �ith perma�e�tl��hi�h �ater ta�les� soils �ith a cla�pa� or cla� la�er at 

or �ear the surface� a�d shallo� soils over �earl� impervious pare�t material�

�he stud� area soils �ere cate�ori�ed as sho�� i� �a�le 1�

�a�le �����drolo�ic soil �roup of differe�t soil t�pe i� �ddis ��a�a��a�ual � �e�site� �����

�oil ��pes
��drolo�ic �oil
�roup �����

�aloic �erosols �
Eutric �itrosols �

�hromic lavisols �
�eptosols �

�rthic solo�cha�s �

�ellic vertisols �
�s a result of the aforeme�tio�ed i�formatio�� the soil factor�s classificatio� a�d rati�� as sho�� 
i� the �a�le ���

�a�le ����lass a�d rati�� of each flood ha�ard �e�erati�� factor

�actor �lass �ami�� �ati�� �actor �lass �ami�� �ati��

�lope

� � ��� �er� �i�h �

�ai� 
�all������

������� �er� �o� �

���� ��� �i�h � ������� �o� �

��� � ��� �oderate � ������� �oderate �

��� � ���� �o� � ������� �i�h �

����� ���� �er� �o� � ������� �er� �i�h �
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Elevatio� 

��������� �er� �i�h �

����

�orest �er� �o� �

��������� �i�h � ��riculture �o� �

��������� �oderate � �arre� la�d �oderate �

��������� �o� � �uilt �p �i�h �

��������� �er� �o� � �ater �odies �er� �i�h �

�rai�a�e 
�e�sit�

� � ����� �er� �o� �

�oil

� �o� �

����� � ����� �o� � � �i�h �

����� � ����� �oderate �

������ ����� �i�h �

����� � ������ �er� �i�h �

�

���������������������M������������A���������������������������

�he�factors�for�f�oo���e�erat����s�are�f���e������atr����s�����ro����tr�th��to�o�ra�h�c�set����area�

of ��o�led�e� field specialist �ud�me�t a�d literature revie� i� su��ect matter a�d the pair�ise 

compariso� matri� emplo�ed� �fter pair�ise compariso� �ormali�i�� the matri� a�d co�siste�c� 

ratio is do�e��he �ei�hte of flood �e�erati�� factor computed as descri�ed i� �a�le � �he flood 

map i� the �i�ure 1�� �ho�ed that a hi�h flood ha�ard has imposed �� the flood i� the �ifas sil� 

lafto a�d ��a�i �alit� su� cit� of the stud� area� ��� result reveals that rai�fall� drai�a�e de�sit� 

a�d ���� have a hi�h i�flue�ce o� flood occurre�ce

� �



Evaluatio� of the impact of la�d use/ la�d cover cha��es o� the floods of �ddis ��a�a cit�

�

���
�

�

�i�ure ����lood ha�ard map developed usi�� ��� method

����������������������������������S�����������A�������

�he ��� method �as further validated �ith se�sitivit� a�al�sis i� the se�sitivit�

a�al�sis� all factors �ere i�itiall� co�sidered as the� are e�uall� importa�t for �e�erati�� flood 

a�d have e�ual �ei�ht for si� flood �e�erati�� factors a�d �ase sce�ario �sce�ario��� flood ha�ard 

map developed that are sho�� i� the �i�ure 1���

�i�ure ����lood ha�ard map for sce�ario �
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�dditio�al� si� sce�arios �ere performed �� tur�i�� of o�e factor at a time that sho�� i� the �a�le 

�� a�d flood ha�ard map for each sce�ario �ere developed a�d the flood ha�ard map are sho�� i� 

�i�ure 1� �elo�� 

�ce�ario �� �ithout slope                                                  �ce�ario �� �ithout Elevatio� 

� �

�ce�ario �� �ithout �rai�a�e �e�sit�                                 �ce�ario �� �ithout �ai� fall
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�ce�ario �� �ithout ����                                                            �ce�ario �� �ithout �oil

�i�ure ����lood ha�ard  map for  differe�t sce�ario

�rom the se�sitivit� a�al�sis performed from sce�ario � to sce�ario���a� evaluatio� �as do�e to 

see ho� each factor affected the other factors for developi�� floodha�ard map� �his helps to �etter 

u�dersta�d the �mporta�ce of each factor i� ide�tif�i�� a�ai�st the lo� impact factors for floodi����

�i�ce se�sitivit� a�al�sis illumi�ate the su��ective si��ifica�ce of the various factors ta�e� i�to 

accou�t as �ell as useful i�formatio� re�ardi�� the i�flue�ce of rati�� �ei�hti�� values assi��ed 

to each factor��oreover� i� order to miti�ate flood ris�� ide�tif�i�� of the si��ifica�t factors for

floodi�� uses to select the t�pe of measure to emplo�ed as a miti�atio� measure for �uic� a�d 

emer�e�c� flood adaptatio� mecha�ism a�d e�treme ma�a�eme�t purpose� �ccordi�� to sce�ario 

� to sce�ario � rai�fall� �rai�a�e de�sit� a�d ���� �ere reflected i� the se�sitivit� a�al�sis� �� 

additio� to this soil� slope a�d elevatio� less importa�t for flood ha�ard �e�erati���  

�fter co�ducti�� the se�sitivit� a�al�sis as descri�e a�ove the �e� rati�� value �ere made 

ma�uall� i� iterative �a� such that the produced flood ha�ard mappi�� �as validated a�ai�st the 

flood mar� ta�e from ���E���� ��ddis ��a�a fire emer�e�c� rescue co�trol a�d preve�tio� 

�uthorit���

�e�ce as sho�� i� the �a�le 1� �elo� rai� fall a�d drai�a�e de�sit� si��ifica�t impact for flood 

ha�ard �e�erati�� follo�ed �� ���� i� the stud� area�
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�a�le ����ei�ht for flood �e�erati�� factor from se�sitivit� a�al�sis

�actors �ei�ht

�ai� fall 2��

�rai�a�e de�sit� 23�

���� 2��

�oil t�pe ��

slope �2�

elevatio� �2�

�hus� after the �e�l� rati�� value from the se�sitivit� of the flood ha�ard �e�erati�� factor� flood

ha�ard map �as created usi�� the formula �elo� a�d appl�i�� �ei�hted overl�

tech�i�ues i� spatial tool�o� i� �rc��� ���� e�viro�me�t i�terface� �i�all�� the �i�ure 1� sho�s 

flood ha�ard map of the stud� area�

���� ���� �ai�fall� ���� �rai�a�e �e�sit� � ���� ����� ���� �oil t�pe � ���� �lope �����

Elevatio��

�
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�i�ure ����lood ha�ard map

����D����������

������L��������L�������������������

�he� the stud� �e�a� i� the �ase �ear ����� the patter� of ���� as the perce�ta�e of the total 

area studied �as domi�ated �� �arre� la�d� coveri�� ������ of the total studied area� follo�ed �� 

��riculture ������� �uilt up area ������� �ater�odies ������ a�d �orest ������

�ccordi�� to the a�al�sis of ���� cha��es duri�� ���������� the �uilt�up area i�creased from 

���������ha i� ���� to ��������ha i� ����� �arre� la�d decreased from ���������ha to ������� 

ha� a�ricultural �a�d decreased from �������� ha to ������� ha� �orest decrease from ������� ha 

to �������   a�d a sli�ht cha��e occurred i� �ater �od� decrease from �������ha to ������� ha 

duri�� the same period� as sho�� i� �a�le 1�� �he results sho�ed that �uilt�up area has led to 

si��ifica�t ���� cha��e from ���� to ����� �hus� �ith a ���������ha i�crease from ���� to 

����� the �uilt�up area sa� the most �oticea�le cha��es� �s a result� the proportio� of �uilt�up 

area i� the total la�d has i�creased from ����� � to ��������he a�al�sis of the ���� cha��e 

sho�ed that the co�tri�utio� to �et cha��e i� �uilt up area came from a�ricultural la�d a�d �arre� 

la�d�
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�a�le ����he area of each ���� class i� the �ear �������������� a�d �����i� ha a�d 
perce�ta�e�

�lass �ame

�ear ���� ���� ���� ����

�rea ha � �a � ha � ha �

��riculture �������� ����� ������� ����� ������� ����� ������� ����

�arre� la�d �������� ����� �������� ����� ������� ����� ������� �����

�uilt up area �������� ����� �������� ����� �������� ����� �������� �����

�orest ������� ���� ������� ���� ������� ���� ������� ����

�ater �odies ������� ����� ������� ���� ������� ���� ������� ����

��������A���������������������������������������������������������

�he accurac� assessme�t is a compariso� of classificatio� �ith �oo�le earth to evaluate ho� �ell 

the classificatio� represe�ts the real �orld� �verall accurac� assessme�t� ���� classificatio� 

levels for the four dates ra��ed from ������ to ����� �� �ith �appa i�dices of a�reeme�t ra��i�� 

from ���� to ����� �he �ver all accurac� assessme�t a�d �appa are sho�� i� the �a�le 1� �

�a�le ���producer a�d user accurac� for the �ear �������������� a�d ����

���� t�pe

�roducer �ser �roducer �ser �roducer �ser �roducer �ser

accurac� accurac� accurac� accurac� accurac� accurac� accurac� accurac�

���� ���� ���� ���� ���� ���� ���� ����

�orest ������� ������� ������ ������ ������ ������� ������ ������

�uilt up area ������ ������� ������ ������ ������ ������ ������ ������

��riculture ������ ������ ������ ������ ������ ������ ������ ������

�ater�odies ������ ������ ������ ������ ������ ������ ������ ������

�arre� la�d ������� ������ ������ ������ ������ ������ ������ ������
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�a�le ����verall accurac� a�d �appa for ���� �lassificatio� for the �ear �������������� a�d 
����

����
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�i�ure ������� �raph for the �ear �������������� a�d �����i� ��
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�his stud� tried to ide�tif� ���� cha��e a�d impact o� floodi�� from the �ear ���������� �his 

stud� uses �emote se�si�� ����� �eo�raphical i�formatio� s�stem ����� a�d Earth �esource �ata 

��al�sis ��stem �E����� tech�i�ues a�d i�vesti�ated �� emplo�i�� se�sitivit� a�al�sis method 

a�d ��al�tica �ierarch� process �����method� ���� is o�e of importa�t factor for flood 

�e�erati��� �� this stud� flood i�crease from the �ear��������� i� the stud� area due to ���� 

cha��e� �ost of ��ricultural a�d �arre� la�d area cha��ed to �uild up area� �uilt up area more 

flood ha�ard �o�e due to less i�filtratio� a�d have surface ru�off�  

�� order to create a useful food ha�ard map for the stud� area� various food��e�erati�� factors� 

i�cludi�� rai�fall� slope� elevatio�� drai�a�e de�sit�� la�d use� a�d soil� �ere ta�e� i�to accou�t� 

�heir correspo�di�� i�flue�ce �as �ua�tified usi�� the ��� method� a�d it �as further validated 

�� usi�� se�sitivit� a�al�sis a�d food mar�s ta�e� from ���E�����

�� this stud�� the factors slope� elevatio�� a�d soil had less of a� impact o� flood �e�eratio� tha� 

rai�fall� drai�a�e de�sit�� a�d ����� �he flood ha�ard map �as created� co�firmed a�ai�st flood 

mar�ers� a�d sho�� several flood locatio�s such as ver� hi�h� hi�h �moderate� �o�� a�d ver� �o�� 

�dditio�all�� a flood ha�ard map i�dicates pote�tial flood �o�es��The�developed�flood�hazard�map�

from��h���re�ear�h��or���ho�ed��ha��a�h��h�flood�hazard�ha��e�po�ed�����he�flood�����he���fa����l��

laf�o���������a�d���a����al������������of��he����d��area�

�ost of the stud� area is cha��ed to �uilt up area a�d the �uilt�up area is i�crease from �ear to 

�ear a�d parallell� flood i�crease from �ear to �ear due to the fact that ���� cha��e have 

si��ifica�t impact for flood �e�erati�� i� the stud� area� �he result of this stud� is use full for 

decisio� ma�er to drive proper police to ma�a�e the la�d use la�d cover cha��e 

����R�������������
�s the mai� o��ective of the stud� is to a�al��e the evaluatio� of the impact of la�d use la�d cover cha��e 

o� floods of �ddis ��a�a cit� the follo�i�� recomme�datio� are for�arded �ased o� the fi�di��s� �he 

cit� admi�istratio� should develop la�d use ma�a�eme�t s�stem� it also provides drai�a�e 

i�frastructure a�d ��te�rated flood miti�atio� measure���o fi�d a solutio�� the cit� admi�istratio� 

must �or� �ith all sta�eholders i�volved i� flood co�trol� �

�

�

�
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��ot�i� ��� �e�oah� ��� � �umi� �� ������� �ssessi�� the impact of la�d cover cha��es o� �ater 
�ala�ce compo�e�ts of �hite �olta �asi� i� �est �frica� �a��r and �n�iron��n� �ournal� ������ 
���–���� https�//doi�or�/�������/�e�������

�ufe�o� ��� � Elias� E� ������� �a�d �se/�a�d �over �ha��e a�d �ts �rivi�� �orces i� �he��olla 
�atershed� �outh �e�tral Ethiopia� ��i�n�i�i� �orld �ournal� ���1� 
https�//doi�or�/�������/����/�������

�a�ces� ��� �o�t� ��� � �a�� �� ������� �ri�ciples of �eo�raphic i�formatio� s�stems used for earth 
o�servatio� data� �ur���s in ��o�h�si�s� �1��–��� ���–���� 
https�//doi�or�/�������/���������������

�haudhr�� ��� �ttri� ��� � �harma� �� ������� �emote �e�si�� � ��� �ased �pproaches for ���� 
�ha��e �etectio��� �evie� ��ter�atio�al �our�al of �urre�t E��i�eeri�� a�d �ech�olo�� �emote 
�e�si�� � ��� �ased �pproaches for ���� �ha��e �etectio��� �evie�� �1��� �n��rna�ional 
�ournal o� �urr�n� �ngin��ring and ���hnolog�� ����� ��� http�//i�pressco�com/cate�or�/i�cet

�ostache� ��� �ao �ham� ��� � �hmed� �� �� ������� �si�� ��� � �emote �e�si�� � a�d �achi�e 
�ear�i�� to �i�hli�ht the �orrelatio� �et�ee� the� ���o�� ��nsing� 1�� 
����mdpi�com/�our�al/remotese�si��

�ash� ��� � �ar� �� ������� �de�tificatio� a�d validatio� of pote�tial flood ha�ard area usi�� �����ased 
multi�criteria a�al�sis a�d satellite data�derived �ater i�de�� �ournal o� Flood �is� �anag���n�� 
1����� �–��� https�//doi�or�/�������/�fr�������

��ara�ish� �� ��� � �a�asri� �� �� ������� �mpact of la�d use cha��e o� h�drolo�ical s�stems� � revie� 
of curre�t modeli�� approaches� �og�n� ��os�i�n��� 1���� �������� 
https�//doi�or�/�������/���������������������

Ellis� E� ������� �a�d��se a�d �a�d��over �ha��e� �he E�c�clopedia of Earth� E�viro�me�tal 
��formatio� �oalitio�� �atio�al �ou�cil for �cie�ce a�d E�viro�me�t� �h� �n���lo��dia o� �ar�h� 
�n�iron��n�al �n�or�a�ion �oali�ion� �a�ional �oun�il �or ��i�n�� and �n�iron��n�� �–�� 
http�//����au�ht��or�/pdf/la�duse�la�dcover�pdf

E��ouri� ��� �allel� ��� � �l�a�o� �� ������� �emote se�si��� �� adva�ced tech�i�ue for crop co�ditio� 
assessme�t� �a�h��a�i�al �ro�l��s in �ngin��ring� ��1�� https�//doi�or�/�������/����/�������

�ra�cis� �� a�d� ������� ��ter�atio�al �our�al of �o�itori�� la�d����e���han�es��������pa��s�n�����han�e�
detectio� tech�i�ues� �n��rna�ional �ourna o� ���o�� ��nsing� �o�����r ��1�� ��–���

�autam� ��� � �ehta� �� ������� � �evie� o� �emote �e�si�� �ech�i�ue� �o�cept a�d �ri�ciples� 
�n��rna�ional �ournal �or ��s�ar�h in ���rging ��i�n�� and ���hnolog�� �� 
https�//����research�ate��et/pu�licatio�/���������



Evaluatio� of the impact of la�d use/ la�d cover cha��es o� the floods of �ddis ��a�a cit�

�

���
�

�eist� ��� �c�o��ell� ��� �am�i�� E� ��� �ora�� E�� �lves� ��� �udel� ��� � ���� ������� �hapter �� 
�auses a�d �ra�ectories of �a�d��se/�over �ha��e �elmut� �and��s� and �and��o��r �hang�� 
�o�al �ro��ss and �lo�al ���a��s� �iggins ����� ��–���

�ull� �� ������� �ma�e �lassificatio�� �a�hin� ��arning �or ��ono�i�s and Finan�� in ��nsorFlo� �� 
���–���� https�//doi�or�/�������/�������������������

�slami� �� ��� �ari�a�� �� ��� �ah�u�ie� E� ��� � �asa�to� �� �� ������� �ccurac� �ssessme�t of �a�d 
�se �ha��e ��al�sis �si�� �oo�le Earth i� �adar �atershed �o�o�erto �e�e�c�� ��� �on��r�n�� 
��ri�s� �ar�h and �n�iron��n�al ��i�n��� ������� https�//doi�or�/�������/���������/���/�/������

�a��� ��� �ee� �� ��� �hu��� E� ��� �im� ��� � �im� �� �o� ������� � se�sitivit� a�al�sis approach of 
multi�attri�ute decisio� ma�i�� tech�i�ue to ra�� flood miti�atio� pro�ects� ���� �ournal o� �i�il 
�ngin��ring� 1����� ����–����� https�//doi�or�/�������/s����������������

�avia�� ��� � �afaria� �eloudar� �� ������� �a�d use/cover cha��e a�d drivi�� force a�al�ses i� parts of 
�orther� �ra� usi�� �� a�d ��� tech�i�ues� Ara�ian �ournal o� ��os�i�n��s� ���–��� ���–���� 
https�//doi�or�/�������/s����������������

�u��� �� ������� �h� Anal��i� �i�rar�h� �ro��ss �A��� ��o��r�oin� slid�s�� �ar�h� �–��� 
http�//����slideshare��et/la�sha�asuresh/ahp�calculatio�s

�e�ese� ��� � �umi� �� ������� �loodi�� i� Ethiopia� �auses� �mpact� a�d �opi�� �echa�ism� � 
�evie�� �n��rna�ional �ournal o� ��s�ar�h and Anal��i�al ���i��s ����A�� �n��rna�ional �ournal o� 
��s�ar�h and Anal��i�al ���i��s ����A�� ������rar��rg� ���� ����i�rar�or�

�i� ��� �ha��� ��� �uo� ��� �a��� ��� �uo� ��� �a� ��� � �a�� �� ������� �patiotemporal impacts of la�d 
use la�d cover cha��es o� h�drolo�� from the mecha�ism perspective usi�� ���� model �ith 
time�var�i�� parameters� ��drolog� ��s�ar�h� ������ ���–���� https�//doi�or�/�������/�h���������

�u� ��� �ausel� ��� �ro�d��io� E�� � �ora�� E� ������� �ha��e detectio� tech�i�ues� �n��rna�ional 
�ournal o� ���o�� ��nsing� ������� ����–����� https�//doi�or�/�������/�������������������

�ahmood� �a�ol�a� ��� � �elo�ha�i��iara�i� �� ������� �he use of su��ective–o��ective �ei�hts i� 
�����ased multi�criteria decisio� a�al�sis for flood ha�ard assessme�t� a case stud� i� �a�a�dara�� 
�ra�� ��o�ournal� ������ ���–���� https�//doi�or�/�������/s�����������������

�alie�e� ��� �rigonis,�V.,�Palevičius,�V.,�&���i��i��s,��.�������.��eog�a��i��in�o��a�ion�s�s�e����l��
pri�ciples �ith �e� capa�ilities� �r�an ��sign �n��rna�ional� 1����� �–�� 
https�//doi�or�/�������/udi��������

�amo� ��� �erha�u� ��� � �elesse� �� �� ������� �istorical flood eve�ts a�d h�drolo�ical e�tremes i� 
Ethiopia� �� ���r��� ��drolog� and �li�a�� �aria�ili��� �oni�oring� �od�lling� Ada��a�ion and 
�i�iga�ion� Elsevier ��c� https�//doi�or�/�������/��������������������������

�a�ual� �� ��� � �e�site� E� �� �� ������� ��our��� ��A ���si����

�i�ias� �� �� ������� �a�d �se/�a�d �over ���amics i� the �e�tral �ift �alle� �e�io� of Ethiopia� 
�ase of �rsi �e�ele �istrict� A�ri�an �ournal o� Agri�ul�ural ��s�ar�h� 1����� ���–���� 
https�//doi�or�/�������/a�ar���������

�o�es� �� ��� �a�e� �� ��� �illems� ��� � �e�remichael� �� ������� E�ceptio�al patter� of e�treme 



Evaluatio� of the impact of la�d use/ la�d cover cha��es o� the floods of �ddis ��a�a cit�

�

���
�

rai�fall varia�ilit� at ur�a� ce�tre of �ddis ��a�a� Ethiopia� �r�an �a��r �ournal� 11���� �������� 
https�//doi�or�/�������/��������������������

�ohamed� ��� � �or�u� �� ������� �r�a� la�d cover a�d morphometric a�al�sis for flash flood 
vul�era�ilit� mappi�� a�d riparia� la�dscape co�servatio� i� �e�e�a �iver �atershed� �ddis 
��a�a� A��li�d ��o�a�i�s� 1����� ������ https�//doi�or�/�������/s�����������������

�ath� �� ��� �ishra� ��� �ar� ��� �ha�ra�ort�� ��� � �e�� �� ������� � surve� of ima�e classificatio� 
methods a�d tech�i�ues� ��1� �n��rna�ional �on��r�n�� on �on�rol� �ns�ru��n�a�ion� 
�o��uni�a�ion and �o��u�a�ional ���hnologi�s� ������� ��1�� �������� 
https�//doi�or�/�������/��������������������

�i�usse� �� ��� � �dha�om� �� �� ������� �lood �a�ard a�d �lood �is� �ul�era�ilit� �appi�� �si�� 
�eo��patial a�d ���� arou�d �di�rat� �i�ra� �e�io�� �orther� Ethiopia� �o�ona ��hio�ian 
�ournal o� ��i�n��� 11���� ��� https�//doi�or�/�������/me�s�v��i���

�pe�emi� �� ������� ��A��� ��������� �� �A�� ��� A�� �A�� ����� ����� �� � ���� 
1�1����

�polot� E� ������� �pplicatio� of �emote �e�si�� a�d �eo�raphical ��formatio� ��stems i� �lood 
�a�a�eme�t� � �evie�� ��s�ar�h �ournal o� A��li�d ��i�n��s� �ngin��ring and ���hnolog�� 
������ ���������� http�//ma��ellsci�com/pri�t/r�aset/v������������pdf

�apaioa��ou� ��� �asiliades� ��� � �ou�as� �� ������� �ulti��riteria ��al�sis �rame�or� for �ote�tial 
�lood �ro�e �reas �appi��� �a��r ��sour��s �anag���n�� ������ �������� 
https�//doi�or�/�������/s����������������

�ohl� ��� � �eeves� �� �� ������� � �in�i�l�s o�� �����

�a�at� �� ��� �is�as� ��� � �umar� �� ������� �ha��es i� la�d use/cover usi�� �eospatial tech�i�ues� � 
case stud� of �am�a�ar to�� area� district �ai�ital� �ttara�ha�d� ��dia� �g���ian �ournal o� ���o�� 
��nsing and ��a�� ��i�n��� 1����� �������� https�//doi�or�/�������/��e�rs������������

�edd�� �� �� �� ������� ��ogra�hi� �n�or�a�ion ��s���� �rin�i�l�s and A��li�a�ions� ������ 
https�//doi�or�/�������/�������������������

�o�a�� ��� � �he�� �� �� ������� �emote se�si�� tech�olo�� for mappi�� a�d mo�itori�� la�d�cover a�d 
la�d�use cha��e� �rogr�ss in �lanning� �1���� �������� https�//doi�or�/�������/������
���������������

�aat�� �� �� ������� �rchive of ��� �he ��al�tic �et�or� �rocess �rchive of ���� ����or�� 1���� ����� 
http�//����spri��erli���com/i�de�/p�r�������u������pdf

�hida�ara� �� ������� �lood ha�ard map distri�utio�� �r�an �a��r� 1���� �������� 
https�//doi�or�/�������/s��������������������

�imo�� �� �� �� � �oes� �� ������� �cope� limitatio�s� a�d delimitatio�s� �iss�r� ����������

�ipahi� ��� � �imor� �� ������� �he a�al�tic hierarch� process a�d a�al�tic �et�or� process� �� 
overvie� of applicatio�s� �anag���n� ���ision� ������ �������� 
https�//doi�or�/�������/�����������������



Evaluatio� of the impact of la�d use/ la�d cover cha��es o� the floods of �ddis ��a�a cit�

�

���
�

�tor�� ��� � �o��alto�� �� �� ������� �emote �e�si�� �rief �ccuracy�Assessment:�A�User’s�
�erspective� �ho�ogra����ri� �ngin��ring and ���o�� ��nsing� ������ ���–���� 
https�//����asprs�or�/�p�co�te�t/uploads/pers/�����our�al/mar/�����mar���������pdf

�ulaima�� �ameed� �aile�essus� �roo�� �r�a�� �e�uria a�d �amiru� �� ������� �he �mpact of �a�d �se 
/�Land�C��er�C�an�e��n��ydr�����ca��C�m��nents�d�e�t���esett�ement�Act���ty�:���A����de��
�pproach �he �mpact of �a�d �se / �a�d �over �ha��e o� ��drolo�ical �ompo�e�ts due to 
�esett�ement�Act���ty�:���A����de��A��r�ac����n��rna�ional �ournal o� ��olog� and 
�n�iron��n�al ��i�n��s� ����a�uar��� ��–��� 
https�//����academia�edu/do��load/��������/i�ees������pdf

�adesse� ��� �se�a�e� �� ��� � �olema�� �� �� ������� �a�d use/cover cha��e detectio� of the cit� of 
�ddis ��a�a� Ethiopia usi�� remote se�si�� a�d �eo�raphic i�formatio� s�stem tech�olo��� 
�n��rna�ional ��os�i�n�� and ���o�� ��nsing ����osiu� ���A����� 1���� ���–���� 
https�//doi�or�/�������/i�arss������������

�e�ale�� a�d �ie��r��er� ������� Ass�ssing ���a��s o� �and �s���o��r and �li�a�� �hang�s on 
��drologi�al ��gi�� in �h� ��ad�a��r ��gion o� �h� ����r �lu� �il� �i��r �asin� ��hio�ia� 
https�//core�ac�u�/do��load/pdf/����������pdf

�ilahu�� �� ������� �ccurac� �ssessme�t of �a�d �se �a�d �over �lassificatio� usi�� �oo�le Earth� 
A��ri�an �ournal o� �n�iron��n�al �ro����ion� ����� ���� 
https�//doi�or�/��������/��a�ep������������

�i�ari� �� ��� � �a�e�a� �� ������� �ha��e �etectio� of �a�d �se/ �a�dcover �atter� i� a� �rou�d 
�a�dideep a�d ��edulla�a�� �rea� �si�� �emote �e�si�� a�d ���� �n��rna�ional �ournal o� 
���hnolog� And �ngin��ring ��s����������� ����� ���–����

�ive�a�a�da� �� ��� ��athi� ��� � �u�ith� �� �� �� �� ������� �ulti�temporal ima�e a�al�sis for ���� 
classificatio� a�d cha��e detectio�� �uro��an �ournal o� ���o�� ��nsing� ���sup��� ���–���� 
https�//doi�or�/�������/���������������������

�u�ie� �� ��� �sse�� ��� � �icolau� �� �� ������� �atter�s� causes a�d co�se�ue�ces of la�d use/cover 
d��amics i� the �umara �atershed of la�e �a�a �asi�� �orth�ester� Ethiopia� �n�iron��n�al 
��s���s ��s�ar�h� ����� �–��� https�//doi�or�/�������/s����������������

�u��eh� �� ������� �ddis ��a�a� Ethiopia � A�r�ca’s�d����mat�c�ca��ta����i�i�s� ��� ���–���� 
https�//doi�or�/�������/��cities������������

�ope� �� E�� Eldho� �� ��� � �othipra�ash� �� ������� ��drolo�ical impacts of la�d use – la�d cover 
c�an�e�and�detent��n��as�ns��n��r�an�����d��a�ard�:�a�case�st�dy�������sar����er��as�n�����m�a����
��dia� �a�ural �a�ards� https�//doi�or�/�������/s����������������


