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ABSTRAC
Floods are one of the most commpatural disasterin the world and causes of lives,
livelihood and property destructiokaki Kality sub city was suffering from rainy season
flood owing to several factors solid waste management generated from household and
institution, increase population size (people dwelling near to sfreAotordingly, thideads
to increase the occurrence of flood wlhnicreates socioeconomic crises in the sub cifhe
objective of this study is to asses flood risk in Akaki Kality-&ybusing the applation of
geospatialtechnology Flood risk assessment was done using flood vulnerability factors such
as, drainage density, slope, elevatiomjnfall, soil type and land usevere rated and
combined to delineate flood risk zones using a realieria evaluation technique in a GIS
envionment. Thaefore, theweight of each floogulnerability factor was computed by pair
wise comparison for a final weighted overlay analysis of all factodetimeatethe flood risk
map Landsat image for 2@and 2019 were used tdassifythe area in to cultivated land,
forestland, grassland, settlement and wetland. The mapped data from satellite image of 2009
indicated that cultivated land cowestfor 5822.4haforestland covexdfor 1341ha, grassland
coveed for 456.5ha, settlemerdoveed for 2282.8a and wetland coved for 2442.7 ha
from the total area of 12345.4 hectare cover@d2019 there was cultivated land coséfor
4364.4ha forestland, coved for 363.3ha, grasslandoveedfor 290.1ha, settlement coweer
for 3197.%a and wdand coveed for 4129.7hafrom the total area of 12345.4 hectare
covered The cultivated land decreased ty58ha (25.%) and forestland decreased by
977.7ha 72.9%. During this period grassland also decreased by 166.4 ha (36.45%,). But
settlement and wiaind were increased by 915.1ha aiéB7ha which represen#0.1% and
69.1% rise respectivelyMoreover, these changes alter surface runoff and affect soil
infiltration capacities which increase the occurrence flood in the stadsa. Finally, this
flood risk mapindicated that 30.2ha (0.2%), 1068.32ha (8.7%), 9057.24ha (73.4%) and
2189.64ha (17%) subjected to low, moderate, high and venghhflood risk map
respectively Furthermore proper land use management and afforestation, is significant to

reduce the adverse effects of floodpagticularly in the lowlying flood proneareas

Keywords Flood, Geospatial ‘€chnology, NCE, Risk



CHAPTER ONE
1. INTRODUCTION
1.1. Background ofStudy

A Floodsstand out to be the most frequent and devastating natural disaster around the world
(Berzet al, 2001), affecting an average of 99 million people per geaween 2000 and 2008
(WHO, 2010). According t¢Jonkman, S.N., 2005floods alone killed 100,000epsonsand
affected 1.4 billion people in the last decade of the 20th century. Floods are caused by natural
events, by human activities, or by combinations of both and have the potential to injure
fatally, displace a large number of people and cause daimahe environment (Balabanova,
S. and Vassilev, V. 2010). There are two main types of floods namely: flash 8addsver
floods some of the causes of floods includethropogenic activitiegshrough human
interruptions in the natural processes ocagrdue to increased settlement areas, population
growth and economic assets in the lowlands and coastal plains prone to flooding (Balabanova,
S. and Vassilev, V. 2010). This leads to changes in the drainage systems (BC,S08@ral
studies (Millyet al, 2002;Bronstert A. 2003 Christensen, H.Jand ChristenserB.0.2003
indicate thaland use changes could be behind the recent freqmen¢rratic floodsAnother,
over past decadesigh deaths recorded in Africa due to flooding as a resufiopilation
settlement patterns than a consequence of climate change. The reported show that, floods

displaced 2.5 million people in Africa in 2009 and more than a million in.2007

Topographically, Ethiopia is both a highland/mountainous and lowland golinis evident

that, the problem of riveaind rainyflooding in Ethiopia is getting more and more acute due to
human intervention in the fragile highland areas at an emeeasing scale. According to
United Nation Office for the Coordination of Humaarian Affairs UNOCHA, 2006, across
Ethiopia, the number of people affected by the floods of 2006 was 357,000 including 136,528

forced toabandon their homes.

The curretly, case studynainly in theSouthern andsouth Eastern parts of theub-city due
to the gentleslope(there is no variation topographgharacteristicef the relief in thesgarts.
This the result opastrecorcedon flooding in Addis Ababa indicates, it was increasing from
time to time.Moreover, there wawide evidence that the flooding in Addi®dbeencontinue

to increase to the eraf this century due to climathange Weets, G. 201AndFeyissa et al.



2018) and poor urban storm water management in Addis Abd&taoding is common in
Kirkos, parts of Bole and Akaki, at a time of heavy rain. The topographic nature of the
Southern andSouth Westernwere gentle, and the heavy rain drops from mountains flow to
the Southern direction, makes the AkaKality area to bemore vulnerable to flooding.
Similarly, another a recent study conducted by the Addis Ababa City Fire, Emergency
Prevention and Rescue Agency (AACFERRA1S; disclosed that 121,000 houses in Addis,
including 1,000 government and private institutionsiar®cations vulnerable to floodsk.

The agencystudy which took six months to complete identified 143 areas as having a high
risk of flooding. A majority of the risky places are in Gullele, Nifas Silk and Akaki Kality Sub
cities where houses are consted near rivers and drainage sites. The Agency reported Addis
Ababa Rivers and riversides face problems which include: badly polluted segments through
direct discharge of domestic waste generated mainly from households and institutions; river
bank erosionand inaccessible rivers and riversides. All of these flooding events attributed to
different land use change activities and absence of watershed management practices on the
surroundingareas of Akaki Kality sub cityDue to this the issue of flood continues to be
growing concern the Akaki Kality sub city especially people residing along river course and
the flood flows to steeps area (Entoto hills) gentle arbarefore,due to in this case the sub

city was more floodiulnerable and motivate to do this specific thematic aReducingrisks
following flooding is largely dependent on knowledge available on floods and understanding
regarding the nature of thehysical space with the likelihood of being affected duringds
events.Therefore, using oderntechniques are necessary for use if appropriate measures to
help the government, planning agencies and rescue institutions in establishing flood
vulnerable areas and in mitigatingains floods are to be put in placldowever, thigesearch

was focused orgeospatialtechnologybasedflood risk Akaki Kality subcity. Therefore, in

order to delineate floodsk Akaki Kality sub-city; Multi Criteria Evaluation (MCE) method

was evaluatingthe weight of floodrisk areas Therefore, thigesearchwas becomejust as
important benchmarkfor plannersand researchers regarding spatial planning in the study
area. In addition, the results can provagnificanceinput for sustainable land use plans and

stratgies for mitigatingflood risk.



1.2. Statement of thé’roblem
An increase in the size of human population and consequent changes in setbiaeens
has led to changes in LULC to address the needs of the land ukdis @ounty (Okoth, D.
2010). LULCC leads talteration of natural drainagg/stems, impact on surface runoff and
affects infiltration capacitieghese ardactors which contribute to flooding (Haber 2016.
In the same wa)Ethiopia's topographic characteristic has made the country vulnerable to
flood and resulting devastation (Enyel: and Steenevelds. 2014).In recent years, Addis
Abeba has been increasingly affected by flooding due to its vulnerability to rainfall .In
Ethiopia context Addis Abeb&ity is suffering from rainy season(June to September)
flooding owing to several factors such as solid waste management generated mainly from
households and institutions, increasing population size(people dwelling around the stream),
many slum areas areghly populated, roads and lack of maintenance of ditch for long period
of time disposing garden wastthis leads to the mismatch of the volume of run off with the
volume of drainage capacity recent studiedonducted by the Addis Ababa City Fire,
Emergency Prevention and Rescue Agei@hACFEPRA,2018. A majority of the risk place
in Gullele, Nifas Silk and Akaki Kality Subities where house are constructed near rivers and
drainage sites. According to the agency annual reported, 53 flood vulneraseBarpeople
killed in the City from flood Particularly at present, flooding is increasing and causing great
loss of human lives and proper#nother, he topography nature of the Southern and South
Western are gentle and the heavy rain drops from mmsntiaw to the Southern direction,
makes the Akaki Kality subity area to be more vulnerable to flooding. The vulnerability to
flooding is more aggravated due to poor drainage system, rapid hose development along river
banks and using inappropriate caoostion materials Feyissa et al,.20)8 Therefore, this
leads to damage of private property, injury personal causative factors that occurred in the past
flood risk. According to(Feyissa et ak018, stated that, 15% of total population is death
occurred 13% of total population highly injured5% private property damaged and 17% of
it is displaced from their living€resently in the existing situation like thisjstimportant to
consider major factors that contributed most in the past flbadard Moreover, the
researchersvere studied flood in the case study area, the severity degree of risk was
increasing from time to time but, the response rate is still low eweramticipated at risk

becaus®f this, previousstudiesd o rusetl geospatiatchnologies



1.3. Objective of theStudy
1.3.1. GeneralObjective
The general objective this study isdonductflood risk assessmenin Akaki Kality Subcity
using the application gjeospatiatechnologies

1.3.2. SpecifidObjective
The specific objectivéhe study aimedb:

V Analyze the extendf landuse/land cover chargeccurringin the studyarea
V Identify flood vulnerability factorgor in the study area
V Delineate flood risknapof the studyareausingGeospatiallechnologies

1.4 Research Questions
This research intended to answer the following basic questions which are derivatives of

the above mentioned specific objectives:

V What is the rate of land cover and land use changé&aki Kality Sub-city?
V What are the factors fdlood vulnerabilityin study area?

V How to generate flood risk map in the case study area?

1.5. Significance of theStudy

Flood risk maps are important in planning for mitigation measures againstefl@ms.To

develop aprevention andnitigation plan, assessment of floods requires information on the

areas at risk dlooding. Mapping of flood risk areas is the first step towards identifying areas

that are highly vulnerableln general the case study area differentc oncer ned bodi

beneficiaries includingpcal community peoplg; governmentadndresearchers

They caralsousedin:

People:enable to protect some property and infrastructure before lflapakd
governmental organizationglentify flooded areas from extracted levelsdefineatedflood
risk map whichprioritizing flood zones.

Researchergan use thigutputas abase line information.



1.6. Scope of th&tudy
This study was conductean Akaki Kality Subcity with an area 0fl2345.4 hectareand
generated extent langse/landcover maps from remotely senseatellite images which were
used for identifying the extemthangeof LULC 2009 and 209. This research hafcus on
identifying floodvulnerable areas based dnh e s e | e c dne dtlineate flobceriski ma® s

using geospatiakthnologies.

1.7. Limitation of the Study
The limitation of the study was lack of orthophoto data for 2009 and 2019 land use/land cover
classification. Due to thiBmitation Landsat 7 ETM+ for 2009 and Landsat 8 OLI 2019 was
used.Therefore the analysi©f Landsatimage for2009 and2019 duringland use/land cover
classificationwas difficult todifferentiatedeach LULCclasses

1.8. Common Terminologies
Geospatial technologyis a multidisciplinary field that includes disciplines such as surveying,
photogrammetry, remote sensing, mapping, Geographic Information Systems (GIS), geodesy
and Global Navigation Satellite System (GNSS).

Flood is a natural phenomen that results to the temporary submerging pfege of land

with water that does not occur under normal condition.

Flood Risk is a summation of the likelihood to occur of a flood, the anticipatgxhcts on

human wellbeing, the biosphere, human culamd economic impactglated to floods.

Flood Risk Managementrefers to an alinclusive process that incorporates@ntinuous
process of analysis and assessment by an individual, a commuaityagency to reduce the

risks associated to floods.

Land cover is the physical state of the land surface such as cropland, forests, and wetlands,

buildings, pavements, soil type, biodiversity, surface water and groundwater.

Land use is the way in which human beings exploit the land and its resources including

agriculture, urban development, grazing, logging and mining.

Vulnerability is the ability of an individual or a group of individualsdoticipate, withstand

or resist or rise pi from the effects or consequences related hazard like a flood.



CHAPTER TWO
2. LITERATURE REVIEW
2.1 Introduction
This chapterpresentsreviews the existing literature on different thematic areas to fully
address the objectiveproblemidentify and methods It includes literature oranalyze the
extent of land use and land cover changedationship with floodrisk using geospatial
technology It focuses on the causes and typedladding. Also, mentioned are some of the

flood disaster irEthiopian anctase study area

2.2.Land Use and LandCover Change
Increased ruwoff as a result of LULC changes can affect the frequency of flooding, base flow
and annual average flow in such a way as to alter the hyaralaycle (Birhanu et ak019
andFu et al.2019.

Changes in either land covend/or land use do not necessarily mean that one is explicitly a
consequence of thather. It is therefore improper to conclude that land cover change (LCC)
occasioned by use of land explicitiegrades the land as the changes could paséive
impacts depending on the use that the land i wtner, M. G.,1989). Many dynamic land

use patterns are driven by different soei@bnomic aspecind result in changes that affect
biodiversity, waér resources, and othgrocesses, which combine to alter the atmosphere and

the environment at larg®iebsameet al.,1994)

The main cause of LCC in the world today is as a result of direct human lasel oésources;
including urbanization, rural delogpment, forest clearingagriculture and livestock rearing,
among others. Apart from human causes, ofhetors that lead to LCC are changes in
climatic patterns and variabilitgcosystem alterations and natural hazards such as floods and
fires (Meyer,W. 1995).

According to(Turner, M. G.,1989), conversion and modification of land surfaces are the
main types of LCC. The former involves the complete removal of a coveatypeeplacing

it with another. The latter can be involves a change from onedfypever to another e.g.
through deforestation for the purposes of agricultugapansion (Meyer, W. 1995)
Modification involves the altering of the structurefanctioning without shifting totally from

one type to another. Modifications affdahd cover character without necessarily changing

6



the overall land cover, faxample increasing the housing density in a settlenieistleads to

people live invulnerable floodedired Zeleke G. and Hurni, H.2001)Plant cover and litter

on the ground surée plays an important role in interceptirgnfall during precipitation

events thus reducing the impact associated waihfall (Okoth, D. 2010). Therefore,
vegetation cover helps in reducing alteratione t he eart hés surface a
gromdos vul ner ab iahdiptowding extrad¥and tb soik eitbesthraugh its roots

or indirectly by alteringhe rates of infiltration, runoff and evapotranspiration that otdusr

reduced infiltration capacity of floodMeyer, W. 1995). Total removal or alteration of
vegetation therefore impacts negatively ontibé&ance that exists between runoff, infiltration

and precipitation (OkotH). 2010).

In their study, Ocholat al., (2012), established that the massive deforestation of mangrove
forests as @esult of Salt Miningactivities in Magarini, Kilifi led to migration of native avian

species making them unavailable to those who relied on them for livelihbloidds because

these forests acted as important sources of herbal medicing, gasture and herbal

medi cine, al |l of whi ch s addipoo, the ardas are egcavatpdl e 6 s

and flooded to form salt pans which make theatcessible for human use.

A study conducted by Onywest al, (2011) to establish the chaliges posed byrowth of
settlement areas in Budalangi and Yala Swamp established tlae#tien of more estuaries

at the mouth of River Nzoia was as a result of siltafldre changes assessed with the use of
multi-date Landsat images occurred duettifts in land cover characteristics; especially due
to an increase in farmirggtivities and settlements in the area. This greatly reduced the size of
the areaunder water bodies. Human settlement in these areas exposes them to flabeing as
area is a flod plain. The area experiences floods during the long rains (apdilly) period

which leads to loss of lives and destruction of property (KRXD$3).

As Lillesand, et a).(2008), explained remote sensing is defined as the science of acquiring
information about an object through the analysis of data obtained by a device that is not in
contact with the object. The instruments used for measuring electromagnetic radiation are
called

sensors. These sensors record the reflected radiation from theesof the earth and will be

used for many analyses; one of these is land use land cover change analysis.



The image processing can broadly be categorized into:prpeessing and image
classification (Jensen,J. 2004). The most common ppegocessingtechnques in remote
sensingdata include radiometrispectral enhancemeahd geometric correction (Jensan,
2004; and Lillesand et al., 2008)Urban land covemapping and subsequent quantitative
change detection required geometric registration between &WH ETM scenes, and
radiometricrectification to adjust for differences in atmospheric conditions, viewing geometry
and sensonoise and response (Lillesand et al., 20@®)e of the prgrocessing of satellite
image ismaking geometric corrections befodata base creation. Geometric correction
addresses errors ithe relative positions of pixels. It is undertaken to avoid geometric
distortions from a distorteidhage.

According to European Commission (2001), there are many different approaches to
classifyng

remotely sensed data. Image classification is the process of categorizing the pixels of an
image

into a specific number of individual classes based on set criteria. Categorization is primarily
based on the spectral patterns and radiance measurexbtated in the various bands of the
individual pixels in an image (Lilleesand et al., 2008). However,cammon image
classification, there are two main classification namely unsupervised sapdrvised
classification (Jensen, 2004). In unsupervised ifieas8on, an algorithm ixhosen that will

take a remotely sensed data set and find speeified number ddtatistical clusters in muiti
spectral or hypespectral space (Ismail et al., 2009). The nmimposed of unsupervised
classification is to pragce spectral groupings based on cerspectral similaritiesBoth the
supervised and unsupervised classifications use the services of a classifier algorithm of
which the maximum likelihood is the most popular (Lillesand et al.,8R0Maximum
likelihood is actually the probability that a pixel belonging to specific classes. It is a statistical
decision rule that examines the probability function of a pixel for each of the classes, and
assigns

the pixel to the class with the highest probability and is g@shthe most widely used
classification methods. It is one of the most popular methods of classification in RS and
usually

provides the highest classification accuracies (Ismail et al., 2009).
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Practically, the supervised classification approach will s@emups of training pixels that are
representative for the six land cover units. This training data set forms the basis for
classification

of the total satellite image, by using the maximum likelihood classifier (MLC). In
unsupervised

classification apprach, isodata clustering is commonly used, in which clusters of pixels based
on their similarities in spectral information are automatically classified into the desired
number

of LULC categories.

2.3 Landsat Image Processing
A set of Landsat Enhanced Thematic Mapp€ETM+) and Landsat &perational Land
Imager(OLI) images was used tenerate spatial information f@009 and 2018espectively.
The two di RGO%thematic magperdTM®) and Landsat ®LI (2019) Satellite
images were obtained from the Ethiop@eospatial Informatiodgency(EGIA) to cover the
onedecade.Data selection was on the basis of availability of images defaitbuds, clarity
and for analysidand use/land coveior elongated time duration. lrgas takerduring this
period have less cloud cover and most of the annual croplanésleve which is of benefit

in discrimination of other land cover classes

Ethiopian Geospatialinformation Agency (EGIA) collected the satellite images from the
United States Geologic8lurvey USGS), which freely offers the Landsat Orthorectified data
collection which consists of global set of highguality, relatively clouefree Orthorectified
ETM+ and LandsalOLI imagey therefore there is no need for geometric correction but
checking of the position was made ussganned Toposheet of 1;600. After the satellite
images were georeferenced aradliometrially corrected.In this research the false color
composite image ade using.andsat ETM+ bands 43-2 (R-G-B) andOLI 4-3-2 (R-G-B),
were found to be best for the identification of major land cover classkgxtractingn the

study areawere carried out, then image interpretation was performed.

Table 2.1. Landsat image characteristics

Dataset Resolution purpose Year of acquis




Landsat 7 ETM+ 30 30(m) Classification 21/01/2009

Landsat 8 OLI 3030(m) Classification 05/12/2019

Source: Ethiopia Geospatial Information Agency (EGIA)

2.31.Image Preprocessing
The preprocessing procedure carried out onitieges included bandombination (layer
stacking)and radiometric correctionrThis provided for different band combination during
image classification and therefore allowing ease with which images interpreted. The
outline of the map foAkaki Kality was then used to clip theages to fit the area of study.

Image enhancement Image enhancement is the process of making an image more
interpretable for a particular application. Enhancement makes important features of raw,
remotely sensed data more int&fable to the human eye. Enhancement techniques are often
used instead of classification techniques for feature extraction studying and locating areas and
objects on the ground and deriving useful information from imafjes image enhancements
which has ben done in this study were radiometric correctioalysisfor the enhancement

of identification of each of the land cover types.

2.3.2. ImageClassification
To perform the classification the maximum likelihood supervised classifier was employed.
The
samples for the training area were based on the explanatihich is aminimum of 50
samples for each map class should be collected for maps of less than Kro4ar@l fewer
than 12classeqLillesand et al2008) Therefore, by considering ttaea of Akaki Kality
subcity(123.64km?) and Five LULC classesSettlement Grassland forestlang cultivated
land and Wetland a minimum of 50 samples per LULC category weised (Ayenew,
E.2017) In Supervised Classification, the classification prockas been controlled by

creating, managing, evaluating,daaditing signatures using the signatudita. Signatures
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are specific areas to which the names are assigned for supervised classificghiatures are
used to break the different classes Ilfkeest, cultivated, water and the like classes into as
many subclasses as per classification requirement. Some tools such as the Signature Editor
require were grown using an AOI layer which were created in the layer creation Gats@u

on information fom previous research in the study afiea different types of land use and
land cover have been identified for Akaki Kali8ub- city. Therefore five classes were
identified namely settlementarea grasslang forestland cultivated landand wetland. Then
check accuracy of classified image 82 and 115 points were generated randoaniy
creating GCHor 2009 and 2019 supervised image, respectidyerencepoint and Ground
Control Point (GCPyvas cratean theclassified layer on Arc GIS 1B then using conversion
tools convert layer in to kml file. Finallgheck reference points for classified image by using
integrating Arc GIS 10.3 an@oogle Map Pro then check thecuracy otlassified image

Table 2.2. Type d LULC and Description

Type of LULC Description
Grasslands Areas covered with grass used for grazing, as well as bg
that

have little grass or no grass coweeid shrubs.
Foregland Planted forestRiverineforest landcovered with Eucalyptus
trees,Openforest,denseforest and mixed forest
Settlement Villages,commercial/residential structuresuilt-up area
industrial sites andtreets/roads
Cultivated land Areas used fourban agricultur¢both annuals and perennigls

Wetland Akaki rivers and its main tributaries, pondskes, streamand
marshyarea, in general waterbodies

Source Modified from Mustarcet al. (2004)
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2.3.3. Accuracy Assessment
Accuracy assessment is an important step in the image classification process. Laaadise/
cover classificationis not free from errors. Errors may appear from the method of image
capturing tothe classification technique implemented. Thus, image classification needs
accuracy assessmeat lag. The accuracy assessment were be done by using generating
reference pait on the classified land use/land cover on Kap byintegratingGoogle Earth
Pro. This information wagparticularlyimportant during classification afhages and helped in
identification of features tachieve maximum accuradyring the classificatioprocess
From different methods of classification accuracy assessments, the dominant and mostly used
classification error matrix or a confusion matrix were produced. The overall classification
accuracy and overall Kappa statistic were calculaiée. overdd accuracy is calculated the
total number of corrected classified pixel (diagonal) dividedheytotal number of observed
pixels The Kappa coefficient implies therrors that may come with simple random
classification and over all classification accyraeveals that the amount of classification
accuracy In addition, producer and user accuracy watined from the matrix created.
Produce@s accuracy is calculated as the total numbersoofect classifiedpixels in each
category divided by the totaumbers of pixels of that category as derifredn the reference
data (i.e. the column totallimes one hundredThis accuracy measure indicates, the
probability of a reference pixel being correctly classifigdn the other hand, if the total
number of carect classified pixels in each categorydigided by the total number of pixels
that will be classified in thatategory(i.e. the raw total) times one hundretis said to be

user's accuracy or reliability (Congaltd®. 1991).

B
B

Kappacoefficient

N is the total number of observed pixels

r is the number of rows
xi is the number of observations in row i and column i,

xi+ andx+i are the marginal totals of row and column
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2.34.Land Use/Land Cover ChangeAnalysis
After the data is collected from various sources, the ddtde analyzed by using different
s o f t sMiier AecdGIS 10.3 and ERDAS Imagine Z)The crosdabulation in the spatial
analyst module of the ArcGIS will be employed to drive the change matrix. The change from
2009 to 2019will be tabulated ifmatrices. Changanalysiswill be computed by comparing
values of area of one data set with ttweresponahg value of the second data set in each
period. The values were presented in termgloimeter square and percentage. Quantification
of the rate of change has been applieddonerate information about the land use/land cover
dynamics of the study aredhe rate ofchange of each land use and land cover can be
calculated using the following formu(@&yenew E. 2017.

Change=e— P T TT

Where:
x= recent area of land use land cover
y= previous area of land use/land cover
2. 4. Geospatial TechnologybasedComputation of Flood Risk Maps

All disasters occur on physical space and have a spatial extent. In disepmedness, there
is no contention that there is need for enough informategarding floods and flood
vulnerability ©Ouma O. and Tateishj R. 2014) GIS alsoproduces a good visualization of
flooding and provides an opportunity to condumebre analysis on floods and to give an
estimation of the likely damage occasioneyl a flood (Yahayaet al, 2010). Effective
management dloods requires proper identification of areas of flaadherability (Ishayaet
al., 2009).This helps in preparedness, putting into plaentive measures and responding
to flood eventqYahayaet al, 2010).Thereare many end users of informationthre flood
risk maps including thgovernment for planning purposes. Flood risk maps can be used to
identify the required intervention measures and provide safety precautions meant for
livelihood activities and the public safety at lar¢gghéyaet al, 2009).
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Accordingto (Jeb D, and Aggarwals. 2008) flood risk maps are important in mamyays,
they help in the enlightening on the flood risk or impacts. They hedpoiper visualization of
the problems associated with floods in the area of intargsare also used in planning for
mitigation measures. Flood risk maps algenerate vital information used by planning
authorities in formulating land ugmlicies and planning for developmdfrteet al, 2006).

In flood events, thenost affected areas cde identified from flood risk maps to assist in
rescue efforts, visualization and assessment of the extent of damage to facilitate in
compensation of the affected persons and in evaluation of the total cost of emage
(Jeh D. andAggarwal S.2008).

In many parts of the world, GIS has been used in the generation of floadajsk showing
vulnerability to flooding (OumaO.and TateishiR. 2014). Such maplkave been used as an
important criterion for carrying out major interventicespeciallyin the developed countries
(EC, 2007). Remote sensing technologyused in collating satellite data (Oupf@ and
Tateishj R. 2014). The technology is themsed to identify, classify, map, monitor, plan,
mitigate and guide in managemeoit naturaldisasters (JebD. and Aggarwal S. 2008).
Remotely sensed data is integraiettd Geographic Information Systems (GIS) analysis and
eventual production dfood risk maps (Fortet al, 2006). Historical datasets such as images
and photographs are used identifying the spatial extent and type of LULCC in order
assess impacts of the changes on floods [Jednd AggarwalS. 2008).To investigate flood
risks and mitigation measures that require prioritizatiortten Kosi River Basin in India,
(Jeh D. and Aggarwal S. 2008), used a GIS environmeunsing datasets from different
sources including; district level maps, topograpiiaps and population census data, DEM
and Remotely Sensed images. Tagameters applied and used in evaluation of risk and in
the production of hazargrone areas in their study were drainage buffers, elevation, land
cover characteristics,geomorphic characteristics angopulation density. Their study

concluded that for a flood to occur, several factors have to act in play bimmom

Ocholaet al., (2010), used GIS techniques to conduct floadnerability assessmerand
delineate flood risk zones for schools in the Nyando R@atchment, Kenya. The study
applied a weighted ranking procedure that utilized type, buffer zonegain distribution,

land use type, slope/altitude, drainatgnsity and participatory flood maps as parameters of
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assessment. The stuthund that drainage density, soil structure, slope and rain distribution
were themost influential factors in thiermation of floods in the area

According to Quma O. andTateishj S.2014) in their study identified the flood prone areas
and conducted a detailed risk assessment using integrated approaches andE&I&anh
Municipality. The study found out that toap out flood prone areasgveral aspects have to
be incorporated including the steepness of an area, stteasity, LULC and type of soil.
Susceptibility to floods in Eldoret town @ccasioned by an increase in the size of urban areas

coupled with poodrainagesystemsand alteration of natural drainage system

In the present study, all thematic layers were integrated in ArcGIS 10.1 platdarreate a
map depicting different flood risk zones. The input layers wétained from the following
thematic maps: land use and land cover, soil typpe angles and elevation, rainfall
distribution and drainage density. Each o€ thixels in the final integration layer were
regrouped into different classes witlqual class intervals to divide the area intfiedent
zones. Thematic maps ausually reclassified to create integer values instead of ranges/
themes to be used dsemes in the model (ESRI, 2010)he layers obtained from the
reclassified land cover classes, the soil map, rainfap, the stream dsity and the
reclassified slope angles were then adaegtthery overlaying all the thematic layers using
the weighted overlay method with thelp of the spatial analyst tool in ArcGIS 10.1 to
generate a flood risk map. Athe thematic layers were csidered to have the same
probability of influencingflood formation and thus were assigned the same weighis
choiceof weights is as a result of individual opinion and a review of existing liter#tate
gives all the parameters an equal chance tergéen flood as there is netandard formula to
generate the weigh{®uma O. and TateishiS.2014).

2.5 The Concept of Rooding
2.51. FloodRisk Assessment
Flooding has many different definitions among whfdbennifer M.2004) definition is worth
mentioning.Flooding definedasf | oodi ng is o6t he accumul ati on
and the overflow of excess water on to adjacent flood plains, or it is an overflow of inland or

tidal waters, unusual and rapid accumulatioof runoff or surface wat
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addition to this, flooding is an overflowing or irruption of a great body of water over land
surface that temporarily inundatesaea(Jennifer M.2004)

Flood can be defined as any relativeigh-waterflow that overtops the natural or artificial
banks inany portion of a river or stream. People may be washed away in a short span of time,
and propertiesnay be heavily damaged by flood. When a bank is overtopped, water spreads
over the flood m@ins and generally becomes a hazard. Flooding is the most common
environmental hazard due to thedespread geographical distribution of river valleys and
coastal areas. By attraction of human betogsuch areas for settlements and farming make it
as a atal obstacle to social progress botlu@veloping and developed countri{dayaseelan,

A.T. 200)).

2.5.2. Causes ofFloods
Causedlooding of the Blue Nile River. The Ethiopian Meteorological ServicElagaseelan,
A.T, 2001yeported on July totals >400 mm across western districts, with daily tota@0>
mm and seasonal totals up to 2,000 mm. The United Nations reported 620 fatalities, ~35,000
di splaced and ~118, 000 people 6affectedd by
heavy rains resulted in flash floods and overflow of rivers andsdahich affects 199, 000
people in eight regions of Ethiopia, resulting in loss of life. Damage to property, and
destruction of livelihoods for tens of thousands of pedpeyew, B and Steeneveld, G.
2014)Stream flow at any given point in a channel dejfseon the interaction of a number of
factors, themost important of which are: distribution, intensity and duration of precipitation,
vegetative coversoil type, and geology of an area and topography; which includes elevation,
slope and channeharactestics.Poor land use can impact on water resources by altering the
hydrology (run off, infiltration and recharge rates) and increase soil erosion leading to

increased sedimetriansport and depositigiteller, H.L. 1967).

2.5.3. Types ofFloods
The country experiences two types of floods: flash floods and river floods.
Flashfloods are more common in areas with a dry climate and rocky terrain because lack of
soil or vegetation allows torrential rains to flow overland rather than infiltratehetground.
Often, they are sudden aagpear unnoticeds the ones formed from excess rains falling on

upstream watersheds and gusbwnstream with massive concentration, speed and force.
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This flood acurs when runoff from excessive rainfall causes a rapid rise in the water height
(stage) of a stream or normallyy channel. Therefore, such floods often result in a
considerable toll; and thdamage becomes especially pronounced and devastating wien the
pass across @long human settlements and infrastructure concentration. The recent incident
that theDire Dawa City experienced is typical of flash flo@PPA,2006)

River Floods is generallymore common for larger rivers in areas with a wetter climate, when
excessive runoff from longdasting rainstorms and sometimes from melting snow causes a
slower watetlevel rise over a larger are@uch floodalso can be caused by ice jams on a river
or high tides, bumost floods can be linked to a storm of some kRigders flood when the
amount of water in them exceeds the floapacity of the river channel. Most rivers have a
natural floodplain into which the watspills in times of flood. Floodingan either develop
gradually or rapidly according teow steeply the ground rises in the catchment and how fast
water runs off into surfacevatercoursesOn the other hand, much of the flood disasters in
Ethiopia are attributed to rivers thaverflow orburst their banks and inundate downstream
plain lands. The flood that hasecently assaulted Southern Omo Zone is a typical
manifestation of river floods (DPPAR006).

2.6. Role of GIS and RemotesSensing for Flood Risk Assessment
Nowadays GIS i&merging as a powerful tool for the assessment of risk and management of
Natural Hazards. Due to these techniques, natural hazard mapping can be prepared now to
delineate flood prone areas on the map. Such kind of maps will help the civil authorities for
guick assessment of potential impact of a natural hazard and initiation of appropriate
measures for reducing the impact. Such data will help the planners and dewasiers to

take positive and in time steps during-isastessituation(Yirga, K. 2016).

Spatial data stored in the digital data base of the GIS, such as a Digital Elevation Model
(DEM), can be used to predict the future flood events. The GIS data base may also contain
agriculture, socieeconomic, communication, population and infrastructdeah. This can be

used, in conjunction with the flooding data to adopt an evacuation strategy, rehabilitation
planning and damage assessment in case of a critical flood sitddtod. risk assessment
requires ugto-date and accurate information on teeain topographgind the use of the land.

Remotely sensed images from satellites and aircrafts are ofteanthesource that can
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provide this information for lagy areas at acceptable co@f¢oubet, G and Dagnachew, .L

2017). According to(Woubet, Gand Dagnachew, L. 201in their study on flood hazard and

risk assessment in Fogera Woreda investigated that, the major flooding causative factors
particularly in Fogera Woreda are slope condition of the area, soil type, elevation, land use
type, drainag density, and rainfall.

2.7. Flood Risk Areasin Ethiopia
The past, there have been floods which have taken both human lives and destroyed
properties. As a result of prolonged and intensive rainfall, the soil in most areas,
particularly in thewestern, central highlands and northwestern parts of the country became
saturated causing an overflow of rivers and flash floods in many areas.
Abay River Basin: Overflow of Rib and Gomara rivers and Lake Tana in Libo Kemekem
and Fogera woredas of South r@@er, Bahirdar Zuria and Bahidar town of West Gojjam
and flash floods in Dewchefa and Ansokiya woredas of Oromiya and North Shewa zones,
respectively, displaced people from their residential places and forced them to stay under
temporary shelter. Currenflythere are a total of 13,362 people reported to be under

temporary shelter in the region (DPPA, 2006).

Awash River Basin: Flooding of the upper basin of Awash river affected 14 peasant
associations (PAs) in Sebeta Hawas, llu, and Ejere woredas of Oregie.r The flood

was reported to have affected a total of 14,790 people out of which 2052 people were
displaced and forced to live in temporary shelters. On the other hand, heavy rainfall in the
central highlands in the coming weeks is considered as ar thagat around the major
dams in the basin (Koka). The dams are already full and contain excessive water. Some of
them have already started to overflow. The heavy rains in the highlands of East Hararghe
Zone of Oromiya Region caused flash flood from therBiow of Dechatu dry season
stream that hit Dire Dawa town in the middle of the night on the sixth of August 2006,
while residents were asleep. According to the Dire Dawa Administration, the flood affected
over 9,000 people and killed 256 others. Thetlléall was largely due to the fact that the
flooding took place at a time when people were in deep asleep. Currently, over 6,000 people
have been temporarily sheltered in six sites, including schools and other compounds. It has
also washed away houses gndperties of many people living along the riverbank. Roads,

bridges and other public properties were damaged and washed away. The estimate of

18



overall loss or damage of properties of individuals and infrastructure is recently disclosed
by the Administratn to be Birr 27 million (DPPA, 2006).

Baro-Akobo River Basin: Reports of an overflow of Baro river have been received from
the Region. Areas affected by the flood are Gambella Zuria, Jikawo, Itang and Gillo
woredas. So far, the impact of the flood on haonheings is not yet serious. However, it
has affected a large area of crop fields. Flooding in Gambella is normal but its occurrence
at this time of the year is somewhat early. All rivers in the Region are full. High rainfall in
the coming weeks in the wesn highlands could cause severe flooding. Generally, th
situation in the Region is worrisome calling for close monitoring and fellpw(DPPA,
2006).
Omo-Gibe River Basin: The extraordinary overflow of Omo river in August severely
affected about 8,00Q@eople in Dasenech and Gnangatom woredas of South Omo Zone. It
has also killed 364 people and swept away some 3,200 cattle and destroyed other
properties, including 760 traditional grain stores. This area is one of the worst affected as
compared to otherm the country. Efforts have been underway to rescue and save the lives
of those stranded and also find the bodies of those drowned by the flood. Furthermore,
flashflood from Bilate river was reported to have affected 5370 households in Humbo
Woreda of Wadyita Zone out of which 2,515 households were severely affected and
require immediate emergency assistance. Moreover, landslides due to heavy rainfall were
reported from Guraghe and Kefa zones although their impact was not as serious as that of
the floods(DPPA, 2006).

2.7.1. Urban Flooding in Addis Abeba
Addis Abeba is the capital and the largest city in Ethiopia, with a population of about
2,800,000, according to the 2007 population census. The city is situated on the high plateau of
central Ethopia which is aligned with the NoitBouthoriented mountain systems
neighboring the RiftValley. The Gty is overlooked by Mount Yarer in the east, Mount
Entoto in the north and Mount Wochecha in the west. Several small streams originate in the
mountains surrounding the city and flow into the metropolitan area of Addis Ababa.
Torrential rains, which are common during the rainy season, cause a sudden rise in the flow of
these streams and periodically inundate the settlements built along their banks.o@ihey flo

of August 2006 was the worst in Ethiopian history. It affected 363,000 people and left
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approximately 200,000 people homeleB®PA, 200§. The final death toll was estimated at
around 647 but the impacts on headtid weltbeing were much largeHistorically, Addis
Abeba the capital of Ethiopia, is recognized as one of the largest Cities in Africa. The
uncontrolled growth and unplanned urbanization has brought severeesociomic, cultural

and environmental problems (UNCHS, 2007). The significaxpaesion of the built
environment, deforestation inadequate urban planrsagatter settlementand the poor
integration between road and urban drainage infrastructure are the major caflzedinyg.

Flood risk is exacerbated since the foundation andaesion of Addis Abeba, which is
closely associated with rapid urbanization practices trigged by the reduction of croplands,
increase in runoff generation, uphill deforestation and the limitation of urban drainage
infrastructure which was contribute todlding. The Big Akaki and Little Akaki are the major
rivers that flows through the cities from north to south and constitute the Akaki river basin.
Flooding is prevalent in Addis Abeba because the topography with steep mountainous and
low-lying flood plainsand the heavy rainfall that occduring the kiremt rainy season.
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Figure 2.1. Flooded road in Addis Ababa, Ethiopia

2.7.2. Flood Rsk in Akaki Kality

Flooding from rivers, estuaries and the sea pose a selfiveat to millions of people
around the world. Problems related to flooding andherdbility of the Akaki Kality sulcity

were greatlyincreased in recent decade due to several factors including changes in landuse in
the urbanization of flooghrone sites,house constructed nedo river and substandard
constructions, and increased household density. As a result, the oveuldace water
runoffs increased from time to time. This is due to the fact that rbadses, and buildings,

do not allow rain wateto be absorbed into the grou(ACFEPRA, 2018.
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Figure 2.2. The Akaki Rver through Addis Abeba

2.8. Digital Elevation Model (DEM)

A DEM was obtained from the CIATSI SRTM (http://srtm.csi.cgiar.org) gsovided by
(Jarviset al, 2008) through the Regional Center for MappindRekources for Development
(RCMRD) and in decimal degrees and in WGZ&he 37Ndatum. This data had a resolution

of 30m. The data was projected into the U€bbrdinate system and clipped tbthe extent

of the studyarea.Informationobtained from the DEM included the elevation, stream network
for the area, watershed extent, water basins in the area and helped in determifiowg the
direction andaccumulation. The DEM was then reclassifieal generateslope angles,
elevation of the terraiand stream density which were then overlain to generate a flood risk

map for the area.

In this study DEM was obtained frofhmeter contour interval feature class whickigtized

from topographic map of:50,000 scalédkaki Kality Sub-city and further rectified in GIS
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environment. Thigeature was converted to 3bape file using 3D Analyst in convert facture

to 3D module bynterpolating contour using an attribute as a source. Further TIN was created
using 3D Analyst inCreate TIN from feature 3D Analyst in create was created using 3D
Analyst in create TIN form featuf@D shape). The slope facture class was further converted
to raster using conversion tool in To Raster/ Feature to Raster mdtalspatal resolution

was 20m.Then this data was define projected in to UTM coordinate syatindanZone

37N and clipped to fit the extent of the study ateformation obtainedrobm DEM included

the elevation and slope. TBEM was themnreclassified to generate slope and elevatibich

were then identifyfflood vulnerability map and weighted overlay to generate/delineate flood
risk map for the study area.

2.9. Multi Criteria Evaluation (MCE)
The technique used in this study and iempénted in IDRISI GIS software is that of pair wise
comparisons developed [f$aaty, T.L 1977) in the context of a decisionaking process
known as the AnalyticaHierarchy Process (AHP)t is one of the multcriteria decsion
making techniques. In thprocedure for MultCriteria Evaluation using a weighted linear
combination, it isnecessary that the weights stwrone. In Saaty's technique, weights of this
nature can be derived by takitige principal Eigen Vector of square reciprocal matrix of
pair wise comparisons between the criteria. Eigen vectors aspeaial set of vectors
associated with a linear system of equations (i.e., a matrix equ#tairare sometimes also
known ascharacteristic vectors, g@per vectors, or latentectors Eastman, R., 2001).The
standardized raster layewsere weighted using Eigen Vector that is important to show the
importance of ach factor as compared to othar the contribution of flood hazard.
Accordingly; the Eigen Vector of the weight of the factor was aateqb in IDRISI 32
Software in Analysis menu of the decision support/weight module bas#teagiven pai
wise comparisoifhe weighted module was fed with the pair wise comparison 9 point
continuousscale. Then the principal Eig&fector of the pair wiseamparison matrix using
the factors affecting floodisk was calculated. A consistencgtio values less than 0.1 is

acceptable

It can be concluded literature reviema study did not only probe on the impacts of land use

and land cover changemn flood risk but gives an kdepth insight into the underlying
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processes antkchnologies that can be used to generate useful flood risk maps. A review of
literature on the various themes provided useful information on the idea wdlatienships

that exist betwen LULCCgeneration of floodsin the present study six criteria input layers
were obtained from the following raster layers: slope, elevation, drainage density, soil,
rainfall, and landuse Most of researchehave the same probability of influencirfipod
formation and thus were assigned the same weidtusordingly, inthis study GIS was
integrated with MCEhey listed in order of their importance to flood hazard and they assign
as different weight influence of flood riskhe consistency ratio ohé calculated Eigen
Vector was 0.09 that shows that the givenpage weights are accepted. Each was presented
and stored in layer by using Arc GIS 10.3 and the criterion values are generated. The criterion
maps are converted into grids (Raster) usingvecsion toolsof Arc tool box of GIS.
However, it was revealed from the National Disagtelicy that flood risk management has
largely focused on flood response ratbencentrating on the land use land cover processes,

early warning systems angenerationof information. Flood risk maps are an important

componentofland se pl anning but arendst readily avai
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CHAPTER THREE
3. MATERIALS AND METHODS
3.1 Introduction
This chapter forms the core of the research.gites detailed information of the
description ofstudy area with regards tocation, population topographic featureglimatic
conditions geology Drainage soil characteristics and land usghe chapter also gives a
detailed explanation of the sourceeftware usedndforms of data acquired for the research,
as well as the methods adopted for flos# areasand analyze the extent of landuse &t
cover changeccurringin the area of study

3.2 Description of theStudy Area
3.21. Location

Akaki Kality is the second largest sgity and the major industrial zone of Addis Ababa,
locatedin the Southern part of theity. It has an area of 12345héctare. Thdowest elevation
point 2,060meters and the maximum elevation is4Q)8eters above sea levéhtitude and
longitude GPS coordinates bounded betwged ae . AT @ rJxc p agespectively In
addition to, study stated geographically limited it shares boundary with Boleittagoin the
North, Nifas Silk Lafto Sweitiesin the North West and Oromia Reginal States in the South

and East directions.

The Akaki is a river of centralEthiopia It is a tributary of theAwashRiver on the right side.
Among the important headwaters of the Awash is the Akaki River, which flows tiitiheg

city of Addis Ababa. The Rer consists of two main branchgsin at Aba-Samuelreservoir

until recently. The Wstern branch of the river, the Little Akaki, rises northwest of Addis
Ababa on the slopes of Wechacha Mountain and flows for 40 km before it reaches the

reservoir.

The Eastern branch of the river, the @teAkaki, riseaNorth East of Addis Ababa and flows
into AbaSamuel Reservoir after 53 km. The important tributaciethe Great Akaki Kebena
join from North. Both the Akaki Rivers are used for industrial, horticultural and domestic

purposegHabtamy S.2011). Figure 3.1 shows that location Map of study area.
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Figure 3.1. River system and major road network map of Akid&lity sub city

3.2.2. Population
Accordingto CentralStatistical Agency of Ethiopithe projected population of 2012019
the population of the Akaki Kality Sutity was 115,736 males and 122,619 females which
aggregated to 238,355 peoples living in the-sityo Thepopulation density of the Sutity
then was 2018.6 per sg.kifherefore, fom projection population figure below indicates that
the population size increase from time to time it indicates that the people lives to bank of

streams. From the figure belg@pulation projection values of from 20PA19CSA, 2013)
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Figure 3.2. Populationprojection values of from 2012019by sex

3.2.3 Topographic Feature
The topography of a watershed like elevation, slope, etc. has an important contribution
for the amount of flood risk generated from Tthe topographyfeature of the areavere
extracted information like drainage, elevation, and slope from Topography Map of the Akaki
Kality Sub-city. The elevation and slope data were digitized from contour map of Akaki
Kality Topography Map. Theéypography of great Akaki Kality Subity is rugged and steep
mostly North and North West part of the arbat, it is gentle and flalying in South and
Southwestermparts of thearea Feyera A. 2007).According to the extracted elevationtbe
study ara from DEM, the boundary is located along elevation rarga 2060-2340m.
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Figure 3.3. Topographyfeature map ofthe studyarea

3.2.4. Climate
Climates can be classified according to the average of diffeegi@bles, most commonly
temperature and rainfall or precipitation. Accordingly, the prestemioly, assessed temperature
and rainfall data to determine the trend and sp&timporal variabilityof climate in the study
area In addition, thisstudyarea isclassified within climatic zones &oina DegagBerhanu
et al., 2018)

Rainfall: Spatial rainfall distribution is an important factor in evaluating flood. righe
rainfall data used fothis study was collected from NationalekorologicalAgency(NMA)
of Ethiopiaexcelformat number of sampld5 yeargAppendixiii) and he data waslready
interpolated to create a continuous rainfall raster of the arstudy (Figure 4.4) Monthly
rainfall records from twagaugestations namelyAkaki and Kality gauge stationhie data
covered the period betwe@0052019years Average monthly rainfall distribution of Akaki

andKality stationwasshown(Appendixi). The major rainyseasorfkaki stationis from May
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to August butthere is relatively small rainfall during the monthécembeiand April. The
maximumand minimummonthly rainfallin Akaki station wereecorded with the value of
334.4mm and0.2 mm in July 2010and December 2014 respectivelyn addition tq Figure

3.3 almost in ths station the maximum peak rainfellobserved to be iduneto August.
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Figure 3.4. Monthly rainfall data oAkaki stationfrom 2005 2019

Furthermore, fronthe figure belowKality stationthe major rainyseasonis from Juneto
August but there is relatively small rainfall during the monttibetember td-ebruary.The
maximumand minimummonthly rainfallin Kality station wererecorded with the value of
391.3mm and 1.2 mm in August 2019 andecember2017 respectively In addition to,
Figure 3.4 almost in thé station the maximum peak rainfédl observed to be iduly and

August.
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Figure 3.5. Monthly rainfall data oKality stationfrom 2005 2019

It concludesthat the study area receives Akaki and Kality station annually maximum
3353.3 3469.4,mm and minimum 2.,85.2mmtotal rainfall respectively. In both stations the
distribution of monthly rainfall indicates that rainfall pattern in the study area is
predominantly bimodal (i.e., rainfall occurs over a continysersod of tmes, but dominated

by two rairfall peaks). Akaki rain starts from June to August and Kality from July to August.

In generalthe wet season starts from Junétmust sometimes comntiious to September.

Temperature: The temperature of the area is related with altitude. When altitude increases
temperature decreasd®cause of the earth atmosphere heated upward from lowest level.
Temperature maximum and nminim data received fro20072018National Meteorological
Agency (NMA) of Ethiopia in Kality station The meanmonthly maximum and minimum
temperature washown Figure 3.6).Annual mean maximum temperature was 14.&nd

Annual mean minimum temperature wass6(8ppendixii).

30
















































































































































