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Abstract
Spatb-temporal LandUse and LandCover (LULC) changeshas been affectinggec
environmental and climate changgobaly. These extreme changedfect Land Surface
Temperature (LST)lhe presenstudy analyzed the impacts of LULC chasga the distribution
of LST in Bahir Dar town and its surroundingand-use and land@over, NormalizedDifference
Vegetationindex (NDVI) and LST were analyzed from Landsat 5 TM (198@ndsat 7 ETM+
(2002) and Landsat 8 OLI/TIR&017)usingremotesensingtechniquesLand-use and lanadover
changes between 198201 7wereanalyzed using remote sensing techniques and the results were
validated using ground truth datband surface temperatufeom Landsat 5 TM (1987) and
Landsat 7 ETM+ (2002)as analyzed usinrgMono-Window Algorithm (MWA). Split-Window
Algorithm (SWA) used to generate LST from Landsat 8 TIR817) The resulindicatesthat
LULC has been changing space and timéuring 19872017, coplandwas thedominantand
use which was covered more than 5@#itlementareas increaseftom 3.3%in 1987to 9.13%
in 2017.Service industrial and paved surfaexareasalso increasedHowever, wetlandegetation
shrubland, grassland, forest and water badydegradedThis study shows that LST has been
increasing from 1987 to 2017 and its distribution vaspetiallydue toLULC variation, proximity
to LakeTanaand Abay Riverwind direction, andhature of tpographyandelevation During the
study periods, LSTof Bahir Dar town and its surroundingariesf r om 123 361
Normalized difference vegetation inderd LSThave indirectrelationship.Cropland located in
the east, west, south and southwest paftBahir Dar townhavehigh LST. Settlement areas
located alond.ake Tana and AbaRiver, and ®me places in Deq Istifandslandand Kibran
Gebriel Island have lowL,ST. Most entral parts oBahir Dartown and Deq Istifanos Island
relativelyhavehigh temperatureLand-use and lanaover isa serious problem and it cause raise
in LST, particularly rapidly urban expansioncrease urban heat island (UHTherefore there
should besound environmental managemantthermal refreshing mechanisms.
Keywords. Remote 8nsing, Bahir Dar Town, LULC change, NDVI, LST, MWA, SWA

Xi
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CHAPTER ONE
1. INTRODUCTION

1.1 Background of the Study
Currently, more than half of t hsexpecedtdedbls popu
in the year of 205QUnited Nations, 2014 This figure indicates that the urban dwelleage been
increasing from time to time. Developing countries especially Africa and Asia contributéamore
this rapid increase of urbanizatiqN-HABITAT, 2010, 2013) Mainly, from 20162015
urbanization in Africa is continuously increasingdapredicted to be 56% with the annual
increment of 1.1%n the same way, Ethiopia is one of the nations in Atsibareurban dwellers
have been increasing from 19% in 2044d expected to &8% in 2050. According to 2014 UN
report,theurbangrowth rateof Ethiopia between 2012015 was 2.3%United Nations, 2014)

Such dgasthuman population growtim urban areéPeter, 1994h as b e e n landoseandasi ng
land-cover (LULC) changeg | o bfrarh timg to time in magnitude and spatial exi@efries et

al., 2004 Hansen et al., 2012ambin et al., 2001Lambin and Meyfroidt, 201,IMustard et al.,

2012) Because 2 t he popul ation fiomeseasee t hei ldiezmatnid
proportionally and put pressure omenlhdsurbade r e
continuously and extremely e p | due toramthropogenic facto(Brink et al., 2014 Niamir-

Fuller et al., 2012%ince peopledu | d n o to ftthaek e d aaragid. popBlatisnigrdvetls |
exploitation both natural and manmade resou(Bbsttacharjee and Nayak, 20@arma et al.,

2008)

Changes in landise and landover affect the overall functioning of thearth system at local,

regional, and global leve(Pefries et al., 2004-oly et al., 2005Lambin et &, 2001, Lambin and

Meyfroidt, 2011) Thisin turn brings global chang@~eddema et al., 200%oly et al., 2005

Kueppers and Snyder, 201 particularly temperate (IPCC, 2007Wang et al., 2013nd rainfall
(Woldemichael et al., 2012)This is because of global changes affects many parts of geo
environmental systems. In addition to this, chamgése condition and composition of larabver

affect climatepio-geochemicatycles and energy fluxes, and livelihoods of pedple.n s elgy,e n t
such kinds of probl ems c(daCarthyi eb al.f 2010)t iok et hgl ochl ail
warming and absol ute c¢ halbogatoetoal,20d6)vi r onment al

Abel Balew Remetesihg and Geoinformatics, AAU Pagel
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In most Easterdfrican countries, LULC has been happening duth&increaseof both human

and livestock populatiofPomeroy et al., 2003) For instance, overpopulation damaging land
through overutilizing of land foagricultural activities such as cropping and grazing by their
livestock. As a result, land covered by natural vegetasi@onverted taurbanarea and buitip

lands, farmlands, and grazing lands. Consequently, these cause soil erosion, deforesthtion, lan
degradation, loss of biodiversitfMaitimaet al., 2009and climate change and contributing more

to global warming.

As Ethiopia is one of the East Africa countrigee problem of LULC change is very high and it

has been increasing from year to year. This is mainly due to population @ktwriti et al., 2005)

and perceptions of local communitie@wvardsland managemeniBelay et al., 2014)which
contributes a lot for conversion of landscape andediep of resourcedor instanceforest and its
biodiversity, wateandsoil resources. Furthermore, the country is vulnerable to surface runoff and
flooding, and sedimentatigfiHurni et al., 2005) Thereforethe landis very dynamic in all parts

of the country particularly in Amhara regional state the problem issearge because the land is

not sufficient to support the poptitan of the region. Because of this, forest, skantd bushand

and grasslands has been heavily damaged and depleted to obtain additional land for settlement,

farmland and grazing land.

Therefore, to ensure sustainable LULC and maintain global climate changes, it is crucial to
monitor paths of landise and lanadover change and its dynamism, and predict their possible
future conditiongAadil et al., 2014Reenberg, 2006} andscape analysis, ikereforea suitable

approach for monitoring distinct LULC patterns and their cha(@yesr et al., 2013Defries et

al.,, 2004) Assessing LULC chanes i s al so very significant to
surface, forexampleland surface temperature (LST) changes and distributions.

This could be done using remote sensing technology sincec@p@bleof acquiring satellite
imageries thalelpin conducting LULC change detection analyiiss also capablef acquiring
surface temperature synchronously over laggeas andallows to assesspatiotemporal
distribution of LST.Satellitebasedsurface thermal information also efficient tcabyze spatial
and temporal variations between LST and LULC, and their relationships through analyzing data

obtained from sensors spectral reflecta(feeyisa et al., 2036Gluch et al., 2006Mundia and

Abel Balew Remetesihg and Geoinformatics, AAU Page2
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Aniya, 2005 Pham and Yamaguchi, 201Weng, 2001 Zhao et al., 201,6Zhou et al., 2014)
Remote sensing is also very cruciaptedictthe future conditions of landse and lanadover and

|l and surface temperature and their resultant

1.2 Statement of the Problem
The patteusns amndl| amet otvyepre so fo fBahadrdi Dar BtaGwm u n
been ichignogn ti niee tamd hir mp agdlandse ard vetewrange
par t i @pdinareateyf built-up areas and impervious surfacegh asasphalt and parking
lots at the expense of other lamwdvers like grassland,forest, shrubland, marshlands and
agricultural land of the surrounding areascreasessolar radiation absorption and thermal
conductivity This high radiation on the biophysical surface mateniakes the town warmer and
warmer from time to time. These are the driving cause for the variafdST, which is very
vital to the study of urban climatégoolgt and Oke, 20Q3VNei et al., 2015)ke UHI.

Thus, such higher surface temperaturéb@urbanarea increase the demands for air conditioning,

and consumptions of both water and electricity, and may change precipitation gatteens | ead t
alterations toAmieXdes oamuuwnntticefs heat may al
dwel lderlseaadn t o ¢ r(Glaus aad Musha@ 201 1andrsurfac& temperatuaéso

modifies the air temperature of the atmospheric boundary layer and is a key component in the
surface energy balance of the town and tireosinding areas even though it is influenced by the

Lake Tana breathe. Change in urban L®i€reforecan have significant effects on local weather

and climate(Claus and Mushtaqg, 201bf Bahir Dar town. This is becauske land surface
temperatures highly correlatd with the patterns of the langse and, landover types their
changegBarsi et al., 2014Sobrino et al., 2004aVang et al., 201,5WVeng et al., 2004)These

changes, in turn, can have negative effects on landscape aesthetics, energy efficiency, human

health and quality dfving in urban environmentérue et al., 2007)

Hence, for sustainable environmental resource management, assessing-tise larattice and

the types of lanadtover and its impastis very significant to analyze LSand monitoring and
assessing climate change and its related problems. This is because LULC is the most important
variable of global changewhich affects ecological systems. As a result, the characteristics of

LULC and its patterns have imperative impacts on climate, biogeochemistry, hydrology, the
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diversity and abundance of t e r(Pamdsatet al.,a2017)s peci
Moreover, LULC change has become a central component in cyst@mé for monitoring
environmental changes antanaging natural resources. The study on LULC chahgefore
provides precise information on the spread an

grassland, and agricultural resources.

Therefore, in order to alleviate these problems and forwarding better solutions, analyzing LULC
change and &T using remote sensing technology is very significant. This is due to the fact that
remotesensing is very capable to retrieve LST, land surface emissivity (LSE) and normalized
difference vegetationndex (NDVI) using different algorithms and analyze thelationship

bet ween these parameters as well as the | mpact
advanced remote sensing technologies especially proigtiegesolutionsatellite imageries, that
enable the system to be powerful in environmemgsburces monitoring and management. So, by
doing this researclt is possible to show the degree to which the environment and climate in Bahir
Dar town and itsurroundinghave changed. Thus, this study aims at assessing the impacts of
LULC changes on land surface temperatudgstribution andchanges in Bahir Dar town and its
surrounding from 19872017.

1.3 Objectives of the Study
1.3.1 General Objective
The general obgive of ths study is to assess laigde and lanagover changes in Bahir Dar town
and itssurrounding andto analyzeits impact on thedistribution and changes of land surface

temperaturédrom 1987to 2017 using remote sensitechniques

1.3.2 SpecificObjectives
The specific objectives of the studsere
1 To assess landse and landover changgof Bahir Dar Town and itsurrounding;
1 To examinespatiotemporalvariatiors of landsurface temperature of Bahir Dar town and
its surrounding;
1 To analyze the impacts of lande and landover changgon land surface temperature

changes in Bahir Dar towand its neighboring places.
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1.4 Significanceof the Study
As Bahir Dar town is the fastest growing town in the Amhara Regional State, the pattern and the
type of landuse and lanadover changes have been proportionally rapid. Such fast changes on
landscape affect LULC of the area aradisdand surface temperaeimcrease andtherefore, they
entail different laneuse and landise planning, and LST mitigation, adaptation strategres
options. In order to see the change in LST, the types of LULC and their changes have to primarily
analyzethrough applying changdetection analysis. Here, satellite data and remote sensing
techniquegplaya great role. Thus, preparing-tgpdate LULC map helps for proper lande and
land-use planning, and environmental protection. The result of this study will also be used in
deckion making and planning with regard to mitigation measures of the impacts of LULC change.
Furthermore, He study issignificant to analyzepatiotemporalvariations of LST, how it may
change and why it changes; examine the relationship between LST @Nth Nhformation
obtained from this study may also be used for spatial planning especially land management and
hydrology. Therefore, the result of the study can be usededsarchers, environmental and

hydrologic expertpolicymakersand other stakeholder

1.5 Scopeof the Study
The focus of this study iBahir Dar town and its surrounding the Amhara Regional Stabé
Ethiopia This area is chosen because on one hand for the past decades Lake Tana and its
catchmentdave been seriously affected ksevee and continuous LULGhangs. On arother
hand Bahir Dar town is currently a rapidyrowing town and there is an expansiorbaflt-up
areas and impervious surfacasthe expense of other LULC types. Due to the process of
urbanization and improper lange and management and its related problems, LST has been
increasing and this causes various s@@onomic, environmental and climatic problefius,
this study canprovide information about the impacts of LULChangeon the change and

distribution of LSTthroughgive emphasis only for the yed987 to 2017.

1.6 Limitation of the Study
This studymack an effort in acquiring all the necessary data collection and processing, interpretation
and analysis. However, the thesis work has encountered some restriGomyle Earth image
resolution in 1987 and 2002aneone of thechallengsin image classification of the study. However,

to solve this problem, Bahir Dar townastemplan map andaerialphotographwereusedasan aid for
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image classification. Taking ground control points and observing the typ#l 6 aroundthesecured
place was also another limitatiomhe tdiousprocess to get data from different governmental

organizations was alsmotheidimitation of the study.

1.7 Organization of the Thesis
This thesisis organizednto six chapters. The first chapter presents the introduction part of the
study includingthe backgroundof the study, statement of the problem, objectives of the study,
significance of the study, scamndlimitation of the studyThe second chaptdescribe literature
review whichgive emphasis on concepts abaltL C change and their impacts, ND\ANdLST
and its algorithmsChapterthreeexplainthe data needed for the research and methods followed
to obtain results from themputdata. The fourth chaptexplairs about the majoLULC types and
their change, spatial and temporal distribution and change of NDVI and LST, and infafence
LakeTanaand River Abayor LST distribution. Theelationshipbetveen LULC with NDVI and
LULC with LST, andthecorrelationbetween NDVI and LST also present in this chapter fifine
chapterexplairs the main discussion on LULC charsgelistribution and change of NDVI and
LST, andinfluenceof Lake Tanaand Abay Riveto thedistribution of LST in thestudy area. The

final chaptempreserd conclusionsand recommendations.

Abel Balew Remetesihg and Geoinformatics, AAU Page6



M.Sc. Thesis on: Impacts of Lane and Lanadover Changes on Land Surface Temperature Distribution in Bahir Dar Tawvn an
its Surrounding Using Remote Sensing [June2018]

CHAPTER TWO
2. LITERATURE REVIEW

2.1 Basic Concepts of Landuse and Landcover Changes
Accordingto FAO (2000 and Gregoriq2005) land cover refers to tHaophysical cover of the
surfaceof the earthor land for instanceyegetationcovess such as forest, shrub/bushland, and
grassland and water. Land cover can also be d
covered byegetation, desert, water bodies like lake, sea, ocean, bare soil #6tirgsoulakis
et al.,, 2004and Lambin et al., 2003)Whereas landise ischaracterizedoy the activities,
arrangementand inputs people undertake ircartain land cover type to produce, change, modify
or maintain it(Gregorio, 2005) Landuse also refers to land is used by humansditferent
purposs, for example settlement, industrial area, croppirend grazing. According to
Chrysoulakis et al(2004 and Zubair(2006) land use is the land which employed tyman
beings for their various needs and exploiting of land cover for different activities like residential

and industrial zones, farm and grazing land and mining

Landuse and lanadover changes, thereforet he modi fi cati on @vdter Ear t h
bodiesand terrestrial areas) through human activities. lase and land¢over change can also

be expressed as any biophysical change oftaweér like vegetation cover and waterbodies and
improper use of land for different activitiefor example, ér grazing, cropping and irrigation

(Quentin et al., 2006 Changes in landse ad landcover can be grouped into two categories as
conversion and modificatiofFAO, 200Q Gregorio, 2005)Land-use and landoverconversion

refers to changdrom onelanduse andand-cover to anotherfor example, wetland andater

bodiesto agriculturalfields, forest toresidential and industrial areas, cropland gnassland.
Modification of LULC refers to some alteration of on the same Jasel and landover or it is a

gradual change of landse and landover, for instancedense forest to open forespen forest to

scattered tree

Furthermore, landise and landover changesary in spatial extent and tim&he gatial extent
of landuse and lanadoverchange indicate the location or place where there is a change whereas

temporal change refers to the variation of changes from time to time with their attribute.
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2.2 Causes and Impacts of Lad-use and Landcover Change
Land-use and lanadover changes occurred due to natural and anthropogenic facttingUxsted
State€=nvironmental Protection Agen¢gPA) (1999)states there were three main driving causes
for landuse and landover changes. These are (1) natural processes, such as wildfire, ahohate
atmospheric changes, and pest infestation; (2) dire@ctsffof human activity such as
deforestation, soil erosion and reduction of biodiversity which brings land degradation, and
construction like roadndbuildings.; and (3indirect effects of human actiiess like depletion or

lowering of water table andatamination of grounaater.

Anthropogenic factorsare the major driving foresof landuse and landover changeéBrink et
al., 2014 Niamir-Fuller et al., 2012¢venthoughthere is also a contribution from the uat
processes. Landse and landover change iavery complex procesfAbate, 2011Belay, 2002)
because its causes and impacts are very closely rdiatekample, land degradation. Currently,
the humanrelatedcauses of landse and landover changeare very seriougAgarwal et al.,
2002) There are many types of human indipeoblemsfor the changes of the gace of the

earth.

For example, expansiaof agricultural land(Bongers and Tennigkeit, 201Brink et al., 2014

Cotula, 2009 Maitima et al., 2009)due to rapid population growth responsible for massive
collapse of natural vegetation, loss of i@asity and land degradatigionato et al., 2016

Sandra eal., 2017 William and Turner, 1992)Exhausted lant also vulnerable for soil erosion

which causs for declining of organic matter in the soil, soil structure degradation and reduction

in soil nutrients(Sandra et al., 201 Bhukla et al., 1990Villiam and Turner, 1992) Extreme

land degradation has a severe impact on the productivity of agricultural(falds et al., 2014)
Extreme transformation of forests, grassland, lamhand shrubland bringsreductionof plant

species diversity and continudyishrinking of natural wildlife. Intensification of agriculture such

as crop and pastoral land towards the natural ecosystem which is related to population growth also

contribute for extremehange®f LULC and environmenfLambin and Meyfroidt, 2011)

Moreover, rapid populatiogrowth reduces$orest aresa (since they use dselwoodand timber)
and woodlands(grazing by their livestock). This destructiaffect biological diversitiesand

functions ecosysten{Peter, 1994andcaussfor climate change whictaisesthe risk for wildfire
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(Donato et al., 2016)Yadvinder et al.(2008) also agreed that population expanstauss
deforesation and create pressure on forest resilience. This extreme destruction of forestland is a
root for climate change at local, regional and global |éReter, 1994) Deforestation alsaffects

the process of atmosphere and thermodynamics at theagsandisphere interface and water storage
capacity and soil hydraulic conductivi(ghukla et al., 1990Besides, lsanges in landise and
land-cover affect hydrological cycles and its paramgt8taikla et al., 199@henglei et al., 2009)

Population growth and economic development also destructing wet@nelsglei et al., 2009)
which strongly influence hydrological cyclé€ganagi, 2008 Zhao and Lai, 2007)and cause for
environmental chang@. Liu et al., 2004Y. Liu et al., 2004) Furthermorethe hydrological
condition of the earth surface changes the physicochemical property of wéthengarcity of
water, drop othefreshwatersource and depletion of the existing groundwater are also problems
related to landise and landover changes. These directly or indirectly affect food production,

human health, and economic developni{&hienglei et al., 2009)

Moreover, exhaustive use of land and chasigandcover and its patterns vulneralbesoil and

land degradatiorfTemesgen et al., 201%Villiam and Turner, 1992)This leads for increasing
povety and migration, failure of land productivity, damage of biodiversity and natural resources,
deterioration ofjroundwaterecharge and carbon storage capacity, change in population size, and
spatial distributionAbate, 2011)Landuse and landoverchanges alsbave consequences of

soil and lad degradation, soil erosion, salinization and desertificgfbbas et al., 203William

and Turner, 1992)According toWilliam and Turner(1992) soil andland degradation results in

soil erosion, salinization, compaction, acidification, nutrient impoverishment, waterlogging and

dehumification

Desertification is also another effect of extreme lasd and landover. It increases the
concentration otarbondi-oxidein the atmosphere and brings wildfire. Therefore, incidences of
forest fire related to landse and landover degradation/changecreasethe emission of toxic
gasses (GHG) such as carbomnoxide and nitric oxide which alter the chemistry ofeth
atmosphere causing air pollution, affecting energy balance and climate and global wWReteng
1994. Landuse and landover changbaveimpacts on hydrology. It changes the quality of water

and water flows, cause surface water pollutaepletionof groundwater aquiferd.and-use and
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land-coverchanges alsmcreasehe frequency and severity dddding which is due to continuous

and serious deforestatigwilliam and Turner, 1992)

In addition, urban expansion due to rapid population growth is another factor for LULC change
since it bringsadramaticchange of landscape patterns and tygesnglei et al., 200Yiangaand

Tiana, 2010) This dynamics has been changing the availability of different biophysical resources
and lead to decreased dahility of different products and services for human, livestock, and
damage the environme(tiussien, 2009) Liu et al. (2002 andWilson et al.(2003)also ageed

that the rapid urban expansion is the result of populgtiowthand socieeconomic development.
Therefore, such kind of enlargement around urban areas and the surroundings has massive impacts
on the environmer(lianga and Tiana, 2010pr instance causforthewarmingof urban and its

surrounding areadlianga and Tiana, 201Qijiao and Zhixiang, 2015)

Rapid and uncontrolled urbanization causes many environmental problems, such as air pollution
(Wu et al., 2013)urban heat island effe@lianga and Tiana, 20]1Qijiao and Zhixiang, 2015Nu

et al., 2013)and vegetation logSianga and Tiana, 201Taubenbdck et al., 201%/eng, 2012)
Theseresultin the degradation of the environment and affect the quality of human settlements
(Goldewijk and Ramankutty, 2004Increase in the population and buwifi areasbrings trouble

on the carrying capacity. Expansion of buift areas due to urbanization cause destruction of the

ecological environmer{flianga and Tiana, 20;1Bhu et al., 206).

Further, LULC change due to urban expansion causes urban heat islandJjaitja and Tiana,

2010) that has adverse social, economic and environmental effects both at local, regmnal
global scalgDu et al., 2007Luber aml McGeehin, 200&ndZheng et al., 2014)Thus, higher

urban temperatures increase the demand for air conditioning, change urban thermal environments
and ultimately lead to thermal discomforts and incidencheattrelatedillnesses(Qijiao ard
Zhixiang, 2015)

2.3 Land-use and Landcover Change in Ethiopia
Landuse dynamics is one of the major environmental problems in Etl{®g@iaan, 2010)Land
use and langoverchanges in Ethiopjgarticularly in the highland areas caused by a combination
of variousfactors though it depends on the conditions of the @gayu et al., 2009Hassen et
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al., 2015 Mohammed, 201;1Woldeamlak, 2002Woldeamlak and Sterk, 2008eshaneh et al.,
2013) Even tough causes of LULC changes varies from place to plamaninducedfactors are

the main driving forces, and create a complex system and trd@giaisval et al., 2002Verheye,
2007) This complexity ranges from biophysical attributes to social and economic drivers of
changes(Veldkamp and Lambin, 2001Jhese driving forceshangethe landscape patterns and
land-cover typesfor instancechange and modification of topography, climate, vegetatial soil
characteristics. Cultural factors such as habits of logging vegetation cover, exposing of soil for
erosion and degrading land may also trigger LULC chafigesbin et al., 2003)Besides these,
institutional causes like political, legal, economic, and traxli factors and their interacti@nth
individual decision making are important for LULC change and managefbemtbin et al.,
2003)

In Ethiopia, vegetation cover is decreasing due to the expansion of cultivatgéeteg 2011,

Belay, 2002 Gessesse and Kleman, 20@Geteand Hurni, 2001)Estimates of deforestation in
Ethiopia, which is mainly for expansion &in-fed agriculture that varies from 80,000 to 200,000

ha per annun(EPA , 1997) As EFAP (1993)statal thatthe extent otheforestwas much higher

from 40% at the beginning of the twentieth century, 16% in the 1950s, 3.1% by 1982 3itly 2

in 1990s, and 3.56% in 20QBadege, 2001Wubalem, 2012)Accordingly, sore remnant stands

of natural forests are mainly restricted to religious sites, along rivers and streams, and on peaks of
hills where crop cultivation is difficult in the highlands of EthiofWdarra et al., 2013)This is

due to the rapid expansion of agriculture and rural and urban settlement.

Therefore, rapidricrease in deforestation as well as poor practices of managing farmlands
accelerating soil erosion andnld degradation in the Ethiopian highlar{gassen et al., 2015

Hurni et al., 2006Mohammeckt al., 2005) principally common where high population exist and

their livelihoods directly depend on the exploitation of natural resoveekleamlak and Sterk,

2005) Such fast rates of vegetation conversion, unsustainable agriculturaldeawadsevere soll

erosion are the effects of LULC changes and land degradation in the highlands of Ethiopia
(Mekuria, 2005)Because of population pressures, economic factors and policy ssttiesyents
farmlandanddegraded lands have been expanding while grasslands and forest areas have been

diminishing largely (Alemu et al., 2015Eleni et al., 2013Getachew et al., 201 Hassen et al.,
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2015 Tsehaye and Mohammed,IZ)Woldeamlak, 2002)Further, there is an expansion of urban
built-up areasat the expense of forest, grasglshrublandgMohammed, 2011)

Moreover, LULC changes are associated with deforestation, biodiversity loss and land degradation
(Maitima et al., 2009)Land-use and lanadover change is a serious problem in changing the
environmen{Abate, 2011)Similarly,landuse and landover changaggravatesoil erosion and

its related problem@elay, 2002 Desta et a).200Q Tilahun et al., 2001)The major causes of

land degradation in Ethiopia are rapid population incresesegre soil loss, deforestation, low
vegetative cover and unbalanced crop and livestock produ&ioma, 2001) In this casethe
Ethiopian highlands are highly affected by land degradation, vitagdroded the natural resource
bases of the ardailahun et al., 2001)

Therefore, LULC changes have diverse impacts on soil quality, water supply, reservoir storage
capacity, aggdultural productivity and ecology of a regi¢8harma et al., 2011)anduse and
land-cover changes affect life and human livelihogdambin et al., 2003, 2001Lambin and

Geist, 2006Lambin and Meyfroidt, 2011)

2.4 Land Surface Temperature and its Algorithm
According toSrivastava et a2010) land surfacetemperature (LST) is defined as the surface
radiometric temperature corresponding to the instantaneous field of view of the $&mgbr.
surface temperaturean also define as the temperature emitted by the surface and measured in
kelvin (Rajeshwari and Mani, 2014Moreover, LST is the temperature
surface and is regarded as its skin tempergash et al., 2002).and surface temperature
defined as the surface radiometric temperature corresponding to the instantaneofigsidof
the sensofPrata et al., 199%)r the ensemble directional radiometric surface tempergtiarenan
and Becker, 1995)and surface temperatucan be defined as the temperature felt when the land

surface is touched with the hands or it is the skin temperature of the ground.

land surface temperatuiea key parameteof many environmental models, for example, energy
and water exchange between atmosphere and s¥faaa and Bauer, 200;/)umerical weather

prediction; global ocean circulation; climatic variabil{yalor and Caselles, 199@t represents

the combined result of all energy exchange processes between the atmosphere and the land surface

(Albin et al., 2017andVoolgt and Oke, 2003)Thus, LST has become a basicuiegment for
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model validation or model constraining in surface energy and water budgietingon various
scalegKalma et al., 2008 ustas and Anderson, 200%)serves as a metric for soil moisture and
vegetation condition in ecological and hydrologicabdeling and environmental monitoring
(Czajkowski et al., 200Kustas and Anderson, 200%urther, LST has been used in the area of
thermal anomalies ankigh temperaturevents detectiogSobrino et al.2009) Land surface
temperaturas also useful to predict the energy and water exchanges between land surface and
atmosphere, which plays an important role in hu@avironment interactiongQijiao and
Zhixiang, 2015)

Furthermore, LST is widely used in urban climate studies to quantify the surface urban heat island
and to explore its relationship with urban surface properties and air temperature variability as well

as for surfacetmosphere exchange processes in urlmaraments(Voolgt and Oke, 2003

Weng, 2009)Land surface temperatuisea vital variable in the physical processes ofi lsamrface

energy and water balance on regional and global scales, is widely used in a range of hydrological,
meteorological, and climatological applicatiqiiian et al., 2014Karnieli et al., 2010Li et al.,

2009 Vlassova et al., 2014)and surface temperatusealso one of the key paneters controlling

the chemical, physical and biological processes of the earth surface and is an important factor for
thestudyof urban climatdPu et al., 2006)

Therefore, LST can be easily derived from remotely skds¢a(Lazzarini et al., 2033.i et al.,

2013 Mohan and Kandya, 201Sych as Landsat, NOAAVHRR, MODIS. For a given sensor
viewing direction, LST depends on the distribution of penature and emissivity within a pixel

and the spectral channel of measureniBetker and Li, 1995)n order to obtain LST from space
radiometry images, there should be atmospheric, angular and emissivity correction. Absorption,
upward atmospheric emission, and the downward atmaspheadiance reflected from the

surface are the main effects of the atmosplier@nca and Cracknell, 1994)

Several atmospheric correction approaches have been establishewigpen sasor
characteristics though mowandow andsplit-window algorithm is commonly used for retrieving

land surface temperature.

Mono-window algorism: Mono-window algorismuse radiance measurements in one infrared

window channel and correct the atmospheriec to determine land surface temperatBrece,
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1983 Susskind et al., 1984 herefore, singkehannel methods can be applied to sensors with
only one infrared channel thought it is also usedratti-channelthermal sensors. For exalap
Atmospheric correction for Landsat TM is done basedamtsat TM 5Qin et al., 2001gSobrino

et al., 2004g)DAIS (Digital Airborne Imaging Spectrometg8obrino et al., 2004bThe method
requires that the vertical and horizontal distributmintemperature and water vapor in the
atmosphere is accurately kno\Dash et al., 20020ttled a n d-Madjard1892)To esimate
land surface temperaturarough moncwindow algorithm, ground emissivity, atmospheric
transmittance and effective mean atmospheric temperature are critical parg@etees al.,
2001a)

Split-window algorism: The split window technique is used for midtiannel sensor@ecker

and Li, 1990 Price, 1984 Sobrino et al., 1991)n which radiance differences observed by each
atmospheric window of the respective thermal infrared channel. The SWAdiiferential
absorption between two channels within one atmospheric window in order to eliminate the
atmospheriénfluenceand calculatethetemperaturatthe sensoras a linear combination of two
brightness temperaturé®ash et al., 2002For example in Lands& (Du et al., 2014Jimenez
Munoz et al., 2014Meijun et al., 2015Rozenstein et al., 201&iaolei et al., 204), DAIS
(Sobrino et al., 2004kgnd NOAAAVHRR (Qin et al., 2001b)The algorithm assumes that the

land surface emissivity values in both thermal infrared channekénangn (Meijun et al., 2015)

2.5 Normalized Difference Vegetation Incex
Normalized difference vegetation ind@XDVI) is an index based on spectral reflectance of the
ground surface feature. Each feature has its own chastictegiflectance varying according to the
wavelengthNormalized difference vegetation indean bedevelogdusing neaiinfrared and red
bands of the remote sensing data and value ranges betiveer1. A Higher value of NDVI
(close to +1) infers the presence of healthy vegetation in the area while its lowef-Ypisiehe
indicator ofthe absencef vegetaion. Hence, the NDVI is very crucial induces for assessing the
health of vegetatiorthegreennessf the earth surface, crop monitoring and yield forecasting, and
forest cover assessment and deforestation and desertifiddbomalized difference vegdtan
indexis very essential used for analyzing and mapping-lesedand lanadover(Ahl et al., 2006
De Boer, 2000 Huang and Siegert, 2006 unetta et al., 2006Woodcock et al., 2002)
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Furthermore, IDVI is very essential for analyzingrbangreen environment and urban climate

since itindicates the level of dryness and warmness of the area.

2.6 Relationship of Land-use andLand-cover Types with Normalized Difference
Vegetationlndexand Land Surface Temperature

Land surface temperature, normalized difference vegetation index and land surface emissivity are
significant factors in energy budget assessment, land cover valuation, and other related studies to
earth surface characteristi¢=ei et al., 2016)This providesa betterunderstanding of the overall
land-use and langtover classes and environmental stu@@o et al., 2013Mallick et al., 2012)
Normalized difference vegetation indexd land surface emissivity can be used to assess and
evaluate the spatial relationship between LST and different LULC in urban areas and environments
(Amiri et al., 2009 Maimatiyiming et al., 2014)

As the land surface temperature is sensitive to the vegetation and the content of moisture in the
soil, it can be used to detect the LULC chan@esh et al., 2002).and surface temperatwaries

in LULC types(Jianga and Tiana, 20;18un et al., 2012NVeng et al., 2004y ue et al., 2007 or
instance urban green spaces has high NDVI and low b&i ihdustrial zone.Land surface
temperaturenas inversely related with ND\WDianga and Tiana, 2018obrino and Raissouni,
200Q Sun et al., 201;2vue et al., 2007)This means that the higher the NDVI value the lower in
the value of surface temperature dhéd lower the NDVI the higher the LSThis indicates that
spatial distribution of LST and N vary with the variation of LULC typegSobrino and
Raissouni, 2000Weng et al., 2004Wilson et al., 2003Yue et al., 2007)For example, LST
increass with the expansion adbuilt-up areas(Jianga and Tiana, 20,L8un et al., 2012)hile
normalized difference vegetatiomdex is lower. Therefore quantifying and assessing the
interrelationship of LST and NDVI is very portant for evaluating environmental zonal

influences in urban ecosysteifWilson et al., 2003)
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2.7 Impacts of Land-use and Landcover Change on Land Surface Temperature
Distribution

Population expansion and its spatial distributiame an impact on the destruction of landver
and exhaustive use of lafidianga and Tiana, 2018mall, 2004) This affectshe ecosystenof
the earth surface and reduction in plant species biodivetsihduse and landover change
therefore hasa great impact on thehange and distribution of land surface temperature. Because
thesurfacecomposition of the types of LULC varies which determine materials emissivity, means
the surface is very hot and reemit high amount of energy when it expms#dte incoming
radiationdue to high surface reflectance. For instance, because of low evaporative cooling and low
heat transfer capacity of bare land especially salinized soil dominatiom hagh surface
temperature. Besides, the modification and change of vegetation caveu/tagal and grazing
|l and, and water bodies have a great influence
temperaturéFei et al., 2016)Such extreme kinds of LULC change contribiat¢éhe variation of

climate change and influence the distribution and changes of LST.

Though forests have an extensimfiluence on local, regional and global climates, loss of forest
due to deforestation results in increased insolation; decreased cloudirteapproximately
compensating the effect of cloud; amplified reflectance of land surface; change thscklege
convergence of atmospheric moisture which influence precipitation and modify rainfall patterns;
and changes in surface roughness and wind spewtidlieection (Yadvinder et al., 2008)
Deforestation alscontributes directly andindirectly to theloss of terrestrial marine ecosystems.
Therefore, itaccelerate diminution forest area, loss of complexity and divergiypnato et al.,
2016)as well as affect volume of water, increase surface water heat due to sedimentaties and
evaporation. Besides, ificreassin soil and land degradation, desertificat{édbas et al., 2010
Temesgen et al., 2014, 200&illiam and Turner, 1992)wetland degradatio(Zhenglei etal.,
2009)and cause for fluctuation of rainfall and humidity, and change surface tempefdtsre.
instability affects the thermodynamic processes at the -@anlosphere interface and the dynamic

processes in the atmosphésiaukla et al., 1990)

Deforestationalso increase greenhouse gases (GH@mission for instance,carbondi-oxide,
methane nitrous oxide and others into the atmospiiageshwari and Mani, 2014increases

albedo and decreases canopy rough(fster, 1994)minimize rainfall availability and increase
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surface temperaturggVilliam and Turner, 1992)This increase land surface temperature of the
surfae of the earth. Consequently, the change in the value of land surface tempdrahgs

theclimateand its elements.

Rapid urban expansion and industrialization increase buildings, gases released from vehicles and
industries(Manrea et al., 2013)nonevaporating impervious surfaces like concrete and asphalt
(Jianga and Tiana, 20,1Qijiao and Zhixiang, 20L5Tang et al., 2014)which heats up the urban
environment directly. Subsequently, urbanization leads to the reduction of gemes &p urban
areaqJianga and Tiana, 201@yhich modifies urban surface water content and vegetation cover
(Qijiao and Zhixiang, 2015Tang et al., 2014)Physical change of the urban surface (albedo,
thermal capacity, heat conductivity) can affect urban surface temperatures by altering the sensible
and latent heat exchange between the urban surface and boundargHaeyeesnd Parlow, 2012
Mohan and Kandya, 2015)herefore, these urban biophysical changes increaséRéiHglei et

al., 2009 William and Turner, 1992)a phenoranon of higher atmospheric and surface
temperatures occurring in urban areas than in surrounding rural@taak et al., 2006Voolgt

and Oke, 2003)Theseareresponsible for climate chanfigu et al., 2007Luber and McGeehin,

2008 Zheng et al., 2014and increasing energy consumpti@evgi et al., 2009jinally, these

bring global warming at local, regional and global scales.

2.8 The Importance of Remote Sensing for LandJse and Land-Cover and Land
Surface Temperature Analysis
The kndis becoming degraded and the pattern and types of land aovehanged at local,
regional and global levels. Therefore, efficient way of analyzing what, why, where and when land
use and landoverarechanged is very essential for sustainable land management and economic
development. Furthermore, assessing and mapping the consequences of LULC chahge and
possiblesolution is very significant. Monitoring temporal lande and landover changgis also

very important for environmental management.

In this regard, remote sensing has been playing a crucial role in provides satellite inzsgesss
natural resources and monitor environmental charkggsexample, Landsatoneof the satellites
which providing synoptic, repetitive and global coverage data freely since 1972. Landsat imageries

have been used ftnevariousterrestrial application. ThereforRemoteSensingallows analyzing
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land-use and lanadover change dynamics using time seriegofately sensed data by integrating

it with sociceconomic or biophysical data. Remote sensing is also efficient ktared mapping,
detecting and monitoring larmbver change over time and space, identifying land use attributes
and land cover change hgpots(Abate, 2011 Abbas et al., 2010remesgen et al., 2014)ith

the advancement of technology, reduction in data cost, availability of hispatictemporaldata

and high-resolution satellite images, remote sensing technologies are now very useful for
conducting land cover change detection analysis and greglibe future scenarid®garwal et al.,
2002)

Moreover, land surface temperature and NDVI carebsily computed by using satellite data
specifically thermal remote sensing is very crucial for assessing and measuring urban thermal
environment(Sunet al., 2012 Yue et al., 2007)It also provides tool for analyzing thermal
variation(Weng, 2003)neasurements of physical, environmental and socioeconomic variables in
urban ettings (Small, 2004) Remote sensing data is alsignificance for analyzing the
relationdip of LULC change with LST and NDVI. Therefore remote sensing is very useful for
studying urban environmeYue et al., 2007and rural environment As a result, it possible to
extact i nformation about the earthos snkeanace

informeddecision.
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CHAPTER THREE
3. MATERIAL AND METHODS

3.1 Description of Study Area

3.1.1 Location and Area
Thisresearchvas conducted iBahir Dartownandits surroundingwhich isthe capital oAmhara
National Regional State. The geographical location ofthey aree&xtenddrom latitude 11° 30'
11" to 11° 58' 11"N antbngitude37° 2' 2" to 37 29' 4'E. It has atotal of 1,073.53km?, from
which the terrestrial part was ab@#43.07km? (21557 km? was anmareaof Bahir Dar town, and
27.41 and @9 kn? was Deq Istifanos and KibraBebriellslands respectively). An areaf 83046
km?was covered from Lake TarBahir Dartownis far from Addis Ababa athe distances of 567

km alongBure road and 46km along Motta roaqFigure3.1).
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Figure 3.1: Geographical location of the study area
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3.1.2 Topography
Bahir Dartown is bounded by.akeTana fromthe north The topography of Bahir Daown and
its surrounding is relatively flat. The kevation of the study areaaries from 1,708 m in the

southeasto 2,007m in eastern and westeperipherief the town(Figure3.2).
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Figure 3.2: Elevation map of the sudy area

Even though the topography of the study area is relatively lileae &re some places which are
characterized by deep river gorge. Thereforestbpeof the areabruptlyincreaseto more than
20% towards southeast following the drainage of River Abay. However,ahtist areasof the
town, as well as Deq Istifanos Islantasa slopein the range of 0% and the slope of some
places in the town and Island varies fro824% (Figure 33).
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Figure 3.3: Slope map of the study area

3.1.3 Population
Based on the 1984 population and housing census of Ethiopia, the population of BabwrDar
was about 54,77@CSA, 1991) 25,136 male and 29,637 females. Ten years later in d&8sus
this population was 96,140 of which 45,436 and 50¥W@demale and female respectivdl@SA,
1998) Whereas in the third national population and housing census which hasnt&k&, the
population of the town wa221,991 from this male was 108,456 whitee femalewas about
113,535(CSA, 2008) Besides, as estimated by CSA the population of the town coldé82297
in 2017(CSA, 2013) The detail of the population is presentedigure3.4.
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Figure 3.4: Population distribution of Bahir Dar town and its surrounding (19872017)

3.1.4Climate
3.1.4.1 Temperature

As temperature recorded at Bahir Dawn meteorology station from the year 1930317, the
maximum mean monthly temperature was very high in Belge season, that is, from Fétayary
(NMA, 1996) Nevertheless, of the Belge seasoonths themaximummean monthly temperature
was very high duringdpril which was 30.2 . Whereas the | owest ma X i
temperature recorded duridgremt season (from JurBeptember), mainly in July which was 24.3

Mor eover, hmeanoatkly temperature rofuha place was 155 whi ch was
occurredn the month of May while the lowest was in January which was &éut . Therefore,

April and Januaryare warmest and the coldest month respectiatufe3.5).
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Figure 3.5: Maximum, minimum and mean nonthly temperature distribution (1987-2017)

Even thoughthere were variations in temperature from month to month in a year due to the
variations in climate parameters, on averageténeperaturevasincreagd from year 1987 to

2017, particularlythetemperaturdnas been sharply increasing since 2(flgure3.6).
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Figure 3.6: Maximum, minimum and mean annualtemperature distribution (1987-2017)
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3.1.4.2Rainfall
As data recorded from 198017 at Bahir Datown meteorological station, monthigverage
rainfall of the town wad416.62mm and the maximum monthly average rainfall wid9.5mm
recorded in the month of July. On average, rainfall was very high in the months of June, July,
August and September sincéhese are rainy months in most parts of EthigplMA, 1996).
Whereas January, February, March, April, NovendretDecember are the dry montffEigure
3.7).

450 -
400 A
—
&
£ 350 1
N—r
8 300 -
£
E 250 A
>
=
= 200
(@)
£ 150 -
[
o
100 -
=
50 A I
0 T T L T . T T T T T T T -_I___l
o) ) R D D) & NS & & & & &
& qp@q’ & Ty V¢ & &S
o S °
Months & s> 9

Figure 3.7: Mean monthly rainfall distribution (1987 -2017)

The mean annual rainfall of Bahir Denwn from 1987 to 2017 ranges from 8% to 142.6
mm. As indicatedn Figure 3.8, during 31 years of the study periods, theanannual rainfall was

varying from year to year, mostly due to the variationgliofate and weathgrarametergFigure
3.8).
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Figure 3.8: Mean annual rainfall distribution (1987 -2017)

During1987to 2017,the maximum recorded annual rainfall in Bahir Dar town and its surrounding
was1711.6mm, and this wasecorded in 2014 and the minimum annual rainfall was 10%én5

in 1994.From 1987to 2017, the average annual rainfall recorded Wwd46.62mm while it was
1397.4mmand1442.8mm from1987to 2002 and®2002to 2017, respectively The distribution of
annual rainfall of Bahir Dar town and its surrounding from 1882017 is presented in Figure
39.
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Figure 3.9: Annual rainfall distribution (1987 -2017)

3.1.4.3Humidity
From 1987to 2017, the maximum mean monthly relative humidity of Bahir &am and its

surrounding was 81.2 Octa which was recordetth@monthof August while the minimum was
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42.2 Octa which was in March. Generally,Figure 3.10 below illustrates relative humidityas

continuously increasing from April to August and declining from September to March.
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Figure 3.10: Mean monthly relative humidity distribution (1987-2017)

For 31 years relative humidity data which recorded at Bahir tDan meteorology station
indicatesthatthe maximum mean annual relative humidity of the study area was 64 Octa, which
was in 2009 and minimum was 54.9 Octa in 2012. The relative humiditalof Bar and its

surrounding was continuously declining from 282017 Eigure3.11).
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Figure 3.11. Mean annual relative humidity distribution (1987-2017)
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3.1.4.4Wind Direction
Based onmeteorologicaldata of 2016, it was observed that the wind direction was to south,
southeast, east and northeastwards throughout the year durithytiree Whereas in the year
2017, the persistent wind direction was towards southeast and south. In both yearssemwesiob
that the wind was blowing fromLake Tanaand River AbaytowardsBahir Dar townduring the
daytime (Figure 3.12). This is because at daytiniee lake is cooler tharthe town and its
surrounding and there is high pressurgéhmsurface of théake As a resultthewind blows from

high tolow-pressuréody.
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Figure 3.12: Monthly daytime wind direction distribution (2016-2017)

In contrary, at night thtownis cooler tharLake Tana and River Abatherefore, the wind blows
towardsthese water bodieBue tothis, both in 2016 and 201#hewind blows in the direction of
north, northwest, and west from the towmAugust 2016it was blowing towardghesoutheastern
direction from Bahir Dar townHjgure3.13).
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Figure 3.13: Monthly night time wind direction distribution (2016 -2017)

3.2 Datasets and Source

3.2.1 Remote Sensing Data
The study area is covered by one scene thigfpathof 170 and row of 52 of the Landsat satellite
series. Due to the problem of poor resolution of MSS sensor and data availability, the study period
covered only fronyear1987 to 2017. Thus, years 1987, 2002 and 2017 were selected for analysis
with 15 yearsinterval. Imageries which were acquired during the month of March were used,
because, cloud and haze free imageries can easily be obtained during dry seasons where there is
no cloud cover and raiff.o analyzehe impacts of LULC chang®n the distributio and changes
on LST in the study areamages acquirethy Landsat5 TM, Landsat 7ETM+ and Landsat8
OLI/TIRSwere usedThese imagerieseredownloadedrom theUnited States Geological Survey

website (http://earthexplorer.usgs.gpwhich is free of charge. Detail descriptsoof Landsat

datasetsvhich was used for Landsat image sharpening, analyzing of LULC change, NDVI and

LST distribution of Bahir Dar town and its surroundings are giverainie3.1.
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Table 3.1: Remote sensing datasets used for the study and their source

Path & row Acquisition Satellite Sensors Resolution Source
date (PAN/MS/TIRS)
170052 27 March 1987 Landsat TM 15/30/120m USGS
12 March 2002 ETM+ 15/30/60m
13 March 2017 OLI 15/30/100m
275/125,127,130,132 2005 SPOT5 HRG 5m EMA

300/125,127,130,132
325/125,127,130,132

14 March2017 Terra MODIS 1k m LP DAAC
SRTM DEM 30m USGS

A. Landsat Thematic Mapper (TM)
LandsafThematic Mapper (TM) sensor was carried.@amdsat 4 and Landsaffom July 1982 to
May 2012 It consists of seven spectral bands; thnetbevisible, three in infrared and one the
thermalregion of the spectrunThematic Mappeimage has a spatiasolution of 30m MS (band
1to 5 and 7) and 12 in thermal (band 6). Therefore, TBANd 6 is specifically sensitive to
thermal infrared radiation to measuihe surfacetemperaturef the earth surfacdoreover, TM
has a temporal resolution @peathecycleof 16days. Scene size of TM images is approximately
170km northsouth and 188m eastwest. Detail about thematic mapper sensor bands and other

descriptios areprovided inTable3.2.

Table 3.2: Landsat 4 and 5 TM sensor description

Landsat4 & 5 Bands with description Wavelength Temporal  Spatial
(um) resolution  Resolution
(days) (meters)

Thematic Band 1Blue 0.450.52 16 30

Mapper (TM)  Band2-Green 0.520.60 16 30
Band3-Red 0.630.69 16 30
Band4-NIR 0.76:0.90 16 30
Band5-Shortwave IR (SWIR) 1 1.551.75 16 30
Band6-Thermal 10.4012.50 16 120
Band7-Shortwave IR (SWIR) 2 2.082.35 16 30
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B. Landsat Enhanced Thematic Mapper Plus (ETM+)
Landsat Enhanced Thematic Mapper Plus se(iS6M+) was carried onLandsat 7 since July
1999.Landsat 7 ETM+ images consist of eight spectral bands with a spatial resolutiom é6B80
bands 15 and 7which are Multispectral (MS) images. Whileand 8is panchromatiavith 15m
resolution andand 6is thermal with a resolution of 60n. 16 days is a revisit period tfeETM+
sensor. All ETM+ sensor bands can collect one of two gain settings (high or low) for increased
radiometric sensitivity and dynamic range whereas ETM+ Band 6 collects both high agaidow
for all scenes. The approximate size of the scene ikrh#®rthsouth by 18%&m eastwest.Detall
descriptiors about Landat7 ETM+aregivenin Table 33.

Table 3.3: Landsat 7 ETM+ sensor description

Landsat 7  Bands with description Wavelength  Temporal Spatial
(um) resolution  Resolution

(days) (meters)
Enhanced Band 1Blue 0.450.52 16 30
Thematic Band2-Green 0.520.60 16 30
Mapper Band3-Red 0.630.69 16 30
(ETM+) Band4-NIR 0.77:0.90 16 30
Band5-Shortwave IR (SWIR) 1 1.551.75 16 30
Band6-Thermal 10.4012.50 16 60
Band7-Shortwave IR (SWIR) 2 2.092.35 16 30
Band 8Panchromatic 0.520.90 16 15

C. Landsat Operational Land Imager(OLI) and Thermal Infrared Sensor (TIRS)
Landsat 8 was launchexh February 112013 with LandsatOperationalLandIimager (OLI) and
ThermalinfraredSensor (TIRS). It has 11 bands; from bands 1 to 7 and 9 are MS, and band 8 is
panchromatic while band 10 and 11 are thermal. The spatial resalfitiandsat 8 is 3@, 15m
and100m for MS, PAN and TIRS. Ultrblue Band 1 is useful for coastal and aerosols studies
while Band 9 is useful for cirrus cloud detection. The approximate scene size of Landsat 8 images
is 170km northsouth by 18%m eastwest. Detail descriptidabout OLI and TIR&represented
in Table34.
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Table 3.4: Landsat 8 OLI and TIRS description

Landsat 8 Bands with description Wavelength Temporal Spatial
(um) resolution  Resolution
(days) (meters)
Operational Band TUltra Blue 0.430.45 16 30
Land Imager (coastal/aerosol)
(OLI) and Band2-Blue 0.450.51 16 30
Thermal Band3-Green 0.530.59 16 30
Infrared Sensol Band4-Red 0.640.67 16 30
(TIRS) Band5-NIR 0.850.88 16 30
Band6-Shortwave IR (SWIR) 1 1.571.65 16 30
Band7-Shortwave IR (SWIR) 2 2.11-2.29 16 30
Band 8Panchromatic 0.500.68 16 15
Band9-Cirrus 1.361.38 16 30
Band10-TIRS 1 10.6011.19 16 100
Band11l-TIRS 2 11.5012.51 16 100

3.2.2 Meteorology Data
Meteorological data such as wind direction, humidity, temperature and rainfall data were gathered
from National Meteorological Agency (NMA) of Ethiopia. Wind direction was used to evaluate
the influence of Lake Tana on LST distribution of Bahir Bawn and its surrounding while
temperaturgrelative humidityandrainfall datawereusedto describe the climate of the study area

during the study period9able3.5).

Table 3.5: Meteorology data description

Data type Year Source
Rainfall 19872017 NMA
Temperature

Humidity

Wind direction 20162017
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3.2.3 Aerial Photograph and Master Plan
Google Earth images for the year 1987 and 2002 are not visible and clear to develop LULC
thematic layers. Therefore, to aid image classificdtothese two study yeamserial photographs

acquired in 200&nd Bahir Dar town master plgnepared in theasne yeawere used.

3.2.4 Ground Truth Data
Ground truth data were collected frahefield usingGPSafter stratified samplpoints generated
from theimageof 2017 and their coordinates fro@oogle EarthField data is thereforesed for
validatingthe LULC classified image into different classkeyg observing the real LULC of the
study areaBesides, ground truth dateas used for accuracy assessnienanimageacquired in
2017.In order to minimize errors in classificatigricturesshowng different LULC classe$n the

studyarea wereaptured.

3.2.5 Google Earth Data
Google Earth map was used as a base map for 2017 Landsat 8 OLI image classification. Google
Earth was also used to extract coordinatEs sample pointswhich were selectethased on
stratified sampling technique to verify LULC classes of 2017 imdigezasalso used to extract

reference points for inaccessible areas.

3.3 Software
To process satellite imageries and analgne-use and landover change normalized difference
vegetation indexandland surface temperatuttbe following softwargackagesvereuseal (Table
3.6).
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Table 3.6: Software packagesusedfor this study

Software Type Application

ENVI 5.1 Image preprocessirand TM and ETM+ atmospheric correctiamd
computation oNDVI, PV, LSE, and LST

ERDAS IMAGINE OLI atmospheric correction, and change detectialysis
2015

ArcGIS 10.5 Image digitizing, split and merge polygons, zonal statis
reclassificationLST zonation andhapping and mapping NDVI

Google Earth Pro 2017 Use as a base map in visual image interpretatamal generate

coordinate points fatheimageof 2017

EasyGP3.7 Transfer field data from GPS to computer (for 2017)
MS Excel2016 To devebp correlation statistics of LST and NDVI
6S2.1 To process near air surface temperature, and atmosy

transmittance

3.4 Methods
This study had three main methode firstwaslanduse and landover analysisrom Landsat 5, 7
and 8 Estimation of land surface temperature from Landsat imageries was the second step. Finally,
zonal and correlation statistiggere done for NDVI and LST. é&ationship analysis were doffiar
LULC and NDVI, and LULC and LSTThe overall methods are preseniethe following schematic
flow chart Figure3.14).
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Figure 3.14: Schematic methodology flowcharof the present study
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3.4.1 Digital Image Preprocessing
In remote sensing, digital numbers are very important since they represent reflectance of surface
materials when thegredetected by a sensor and tells about the properties of an object. The objects
are represented in the form @pictorial element ca#d pixels. Therefore, to obtain meaningful
information from those pixels, they should be processed and corrected digitally before using them
for further analysis. Digital image processing involves manipulation and interpretation of digital
image through th help of computer application software. It is helpful to increase the quality of an
image and maintain the quality image for the purpose of interpretation and classification; therefore,
it is possible to minimize interpretation errors sirtke image can easily be manageable in a
computer Digital image processingtarts from image layer stacking to image enhancement and

preparsthem for classification.

Image subseting: image subsdting is a process by which image is extracted from a particular
image lased on the boundary of the area of the interest. Therefore, the images which lay in between
11°30'11%11° 58" 11"N and 37° 2' 237° 29' 4'E were processed from the stacked images

Image sharpening: To improve the resolution of the images and enhamage interpretation,
resolution merge or image sharpening technique can be used. For instanckigisiagolution
imagedike SPOT, QuickBird, and IKONO#he quality oflow-resolutionimages such as Landsat
can be improved. Among many image sharpening techniques&ramidt spectral sharpening
algorithm was used. Because Gr&chmidt method is typically more accurate because it uses the
spectral response function of a given sensestonate what the panchromatic data look. SBOT
image was used to sharpening Landsat images sincealas resolution, therefore, the refined

Landsat images were visible and better than the original images.

3.4.2 Multispectral Radiometric Correction
Atmospheric image correction orgprocessing is very significamtorder b getanaccuratemage
because radiation whictomes from the sourc@lways interactsvith the atmospherdhe energy
which is reflected back to the sensor aitecontacs with thetarget objects is useful for remote
sensingTherefore, in atmospheric preprocessinly, should beconverted into spectral radiance.
To do so,Quick Atmospheric Correctio(QUAC) algorithmwas carried ouin the ENVI image
processing progranversion 5.1 for Landsat 5 TM and Landsat 7 ETMi#nages Quick
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Atmospheric Corrections a visible-near infrared through shortwave infrared (VNERVIR)
relative atmospheric correction method for multispectral lypmkrspectraimagery. It estimates
atmospheric compentsan parameters directly from the information contained within the scene

(observed pixel spectra) without ancillary informat{@ernstein et al., 2005)

Like Landsat 5 TM and Landsat 7 ETM+ images, Landsat 8 OLI inmvagealso radiometrically
corrected and spedl radiance converted to radiance in ERDAS IMAGINE using the formula
given byUSGS (2016)

O 0 20 0 p
Where; .= Spectral radiance (W/ % s r & =®Radipnce multiplicative scaling factor for
the band (RADIANCE_NULT_BAND_N from the metadata); AL = Radiance additive scaling
factor for the band (RADIANCE_ADD_BANDN from the metadata); Qcal = Level 1 pixel value
in DN.

Then, level 1 pixel DN valuesereconverted totop of atmospheréTOA) reflectance using the
equdion (USGS, 2018)

m 0 z0 0 C
Where; m ae= Top-of-Atmosphere Planetary Spectral Reflectance, without correction for solar
angle; 0 = Reflectance multiplicative scaling factor for the band;
(REFLECTANCEW_MULT_BAND N from the metadata)) = Reflectance additive scaling
factor for the band (RELECTANCE_ADD_BAND _N from the metadata); Qcal = Level 1 pixel

value in DN.
Once a solar elevation angle is chosen, then conversion to trueefi@®eétance is given by:

M e

AT[O

where:m = Top-of-Atmosphere Planetary Reflectane; = Local solar zenith angle.
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3.4.3 Image Classification
Image classification is a technique of extracting information from the image based on the
reflectance value of an obje@ao, 2009 Lillesand et al., 2004Richards and Jia, 20Q6Jhe
information class can be groupedo a thematiclayer of having similar LULC in the image.
Though there are automated image classification techniques, manual or visuahterpgetation
procedure was used. This is because there is a problem of pixel mixing espelgaltygaolution
imageries such as Landsat and this has seriously affected theskaadd landover classification
accuracy of the study. To aid visualdge interpretation and maintain classification accuracy,
Google Eartimap Bahir Dar town master plaandaerial photavere used. Thus, to generate land

use and landover thematic layers image digitiziagd split and merge functions were employed.

3.4.3.1 Accuracy Assessment
Accuracy assessment is a comparison of image interpretation by a computer with the aid of ground
truth data(Gao, 2009Richards and Jia, 20Q@jor this comparison, training sites which used for
accuracy assessment were identified basedherstraified method of sampling because the
classified image has virtually been thematically stratifi&iratified sampling technique
guarantees that a specified number of evalugtigals that can be selected from a given land
cover, that isall LULC classean be adequately represented in the evaluation samples. No matter
how small a land cover is in size or limited in its spatial distributilis, specified number of
evaluation pixels can always be select@though not in a single paggao, 2009) Therefore,
stratified training pixels for validation were selected based on the nuhibands and LULC
classesi.e.,N(N + 1) isthe formula which used for taking the total séesdfor validation and for
each LULC classN+1) trainingpixelsis requiredLillesand et al., 2004Richards and Jia, 2006)

Based on the aforementioned formwdaghtsamples were taken for each thematic layer and 112
for all LULC classes for each study images (128002 and 2017). Usgnthese training sites, each
LULC classes of the study area checked and classification accuracy was asSdessmeerdl
accur acy,anmd odsueredvetesaloulatedrased on the error matrix derived from

each classification result
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3.4.3.2 Land-use and Land-cover Thematic Layer

After classification accuracy was conducted, final tasd and land¢over thematic layers were
identified and mapped for three study periods (that is, 1987, 2002 and 201Bah8d)ar town

and its surroundingas thefollowing landuse and lanaover classesT@ble3.7).

Table 3.7: Land-useand land-cover classes and description of the study area.

LULC Classes Description

Cropland Areas used for annual crapltivation.

Forest Areas covered with large trees with woodland and dense shrublanc
Grassland The aeawhich used for grazing and spare trees and bushes.

High densitysettlement

The aeaoccupied by dense house buildings including mixed and
residence.

Industiial area

Areas used for factories and their Wearhouse.

Low densitysettlement

The aeaoccupied byow densityhouse buildings.

Open space

Areas used for recreation, asgortfield, and land covered with gree
areas, and bare landreas covered with dry soil, sand/rocks and, dry
flats, beaches, sand dunes, exposed rocks and gravel pNsgetated
area dominated by rock, eroded and degraded lands)

Paved surface

The aeacovered with road networks, vehicle parking areas, bus sta

Plantation

Area cover with perennial agriculture like chat, Banana, Mango, anc
plantations such as eucalyptus tree.

Riparian vegetation

Vegetation whiclgrows along the seasonal river banks.

Service area

The aea covered with offices, churches, schools, mosques, hosg
hotels,garageand opermarketplaces

Shrubland Areas covered with shrubs, bushes and small trees, mixed with
grasses and less dense than forests.
Water body Areas covered with rivers and ponds.

Wetland vegetation

The aeacovered with aguatic vegetation, bushes, shrubs, woodlan
wetlands or marshland.
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3.4.4 Change Detection Analysis
Change detection is a process of detecting differences with the objects or phenomena which are
observed in the different time intervals. DelteCs an application designed to help to identify
changes of interest in remotely sensed imagery acquired on two dates. The DeltaCue change
detection process operates onregistered image data and performs a differencing operation as
its core change deaton process. In order to analyze the total area of LULC changed from 1987

to the2017year, the following formula was used.
0 "YOdk® & "Q8 01 BGAR QODNEH 61 BAME | 4o ¢H T

3.4.5 Thermal Atmospheric Correction
During 1Gproduct,rendering image pixelwere converted to units of absolute radiance uSi2g
bit floating pointcalculations. Pixel valuesere then scaled to byte values prior to media output.
Hence, spectral radiance ®M, ETM+ and OLIlimages were converted into radiancesing the
equation(Markham and Barker, 1986)

0 DO0OMOODOGFO6O006WEH6 00 @066 00660 0000 006u

Where L.= Spectral radianceceivedy the sensofW/ (m?** sr * & m) )
QCAL = the quantizedalibrated pixel value in DN
0 0 "O& the spectral radiance that is scaled to QCALNMY (m?** sr * & m) )
0 0 0 & the spectral radiance thatsisaled to QCALM\X (W/ (m?* sr * gm) )

QCALMIN = the minimum quantized calibrated pixel value (corresponding to
0 0 "Oin DN which is 1

QCALMAX = themaximumquantized calibrated pixel value (corresponding to
0 0 @& in DN which is 255

3.4.6 Land Surface Temperature Computation
Land surface temperature can be computekfierentwaysbased on the parameters (for instance,

normalized difference vegetation indegmissivity, water vapor, air temperature and mean

effective temperature) and resources (data and software) used
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3.4.6.1 Normalized Difference Vegetation Index
NormalizedDifference Vegetationindex (NDVI) is very important to discriminate vegetation
from novegetation and indicates tla@nount of vegetation prest on the surfacéNormalized
difference vegetation indeadso used to infer general vegetation conditod to determine the
LST. BesidesNDVI computation is important because it used to calculate the proportion of the
vegetatior(0V) and emissivity(-) since these parameters are highly related with the NDAéhg
et al.,, 2004) Normalized difference vegetation index obtained by using red band (high
absorption of radiation or low reflection) and infrared band (low absorption of radiation or high

reflection). Accordingly, NDVI can be computed as

114 b ’ r, N\ M
506 0O——M7M— ®
M M

Where;m  reflectance in near infrared bamd; reflectance in red lmal

3.4.6.2 Land Surface Emissivity
Emissivity is the ratio of the radiance which is emitted by the real surface materials at their
temperature and the radiance emitted by the black body at the same temBeatkee and Li,
1995) Emissivity is the efficiency of transmitting thermal energy across the surface into the
atmosphereln contrast to that of the ocean, the emissivity of land is significaliffigrent and
varies with the heterogeneity of vegetation, surface moisturghn@ss, and viewing angle
(Rozenstein et al., 201dhdwavelength Since LSE can change substantially over short distances,
it is important to estimate its value for every pixel through applying LST algoriffimesefore, in
order to estimate LST the land surface emissivity ((SF must be known, because LSE is a

proportional factor that scales blackbody rad

In satellite images, pixels representing the land surface which aadiyusiixed pixels, that is,

they are a combination of surfaegpes such as water, vegetatamdsoil. Therefore, the effective
emissivity of a pixel can be calculated by summing up the contributions from those surface types
because the emissivity valobange from surface to surfadéough b estimate the emissivity

from satellite thermal band data quite a lot of methods have been sugd3diddthreshold

method was useth this study According toVan De Griend and Owgl993) there is a high

Abel Balew Remetesihg and Geoinformatics, AAU Paged0



M.Sc. Thesis on: Impacts of Lane and Lanadover Changes on Land Surface Temperature Distribution in Bahir Dar Tawvn an
its Surrounding Using Remote Sensing [June2018]

correlation between measuredand NDVI. Emissivity value can be considered in four NDVI
casegSobrino et al., 200Wang et al., 2015)

a) NDVI < 0- Water pixels with negative NDVI values were set to LSE valuds@i,0.63
0.99 and 0.986or TM, ETM+, OLI band10 and band11, respectively.

b) NDVI < 0.2 - Pixel with NDVI values smaller than 0. considered as soil and the
emissivity is obtained from reflectivity values in the redion.lIt is possibleto extractthe
mean value for the emissivity of soilsfrom ASTER spectral library
(http://asterweb.jpl.nasa.gogndwill be filtered according tdandTM, ETM+ and OLI
10 and 1ifilter functions.Accordingly, soil emissivity in TM, ETM+, OLI 10 and 11 is
0.974, 0.9730.964 and 0.970, respectively.

c) NDVI>0.5 - Pixelwith NDVI values higher than 0.5 consideed asvegetation and the
emissivityvalue is assumeit be 0.980.99 0.984 and 0.980 for TMETM+, OLI 10 and
11 respectively

d) 0. 2 O N D VRixelWith BDV5bvalues between 0.2 and Gi$consideedasa mixture
of soil and vegetatio(Barsi et al., 2014)and the emissivity is calculated according to the

equation suggested lfyrice, 1984, 1983)

J JO 3 p O p J p I & X
whereJ andJ are the vegetation and soil emissivitgspectively,& = 0.55 shape factor
consideringdifferent geometrical distribution® proportionof vegetation which is given by

equation ).

According to(Meijun et al., 2015proportion of vegetatior(() can be calculated using the NDVI
values for vegetation and soil which presented as follows

60O0 . $6)

° . $6) . $6) Y

Where; 0 is proportion of vegetation orthe scaledNDVI value, whereas . $ 6 ) and

. $ 6 ) are theNDVI values forfully vegetated and newegetated land covers
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3.4.6.3 Land Surface Temperature Algorithms
After spectral radiance is converted to radiance, the raw digital numbers of the thermal bands are
converted to Top of Atmosphere (TOA) brightnesmperatures which are the effective
temperature viewed by the satellite under an assumption of emigSkander et al., 2009sing
Planck’s equation as stated below:

0g
; ~0p

0"Y

Where;6 Y6 dfective atsensor brightness temperat{ig; 0 ¢ is calibration constant &K); U p
is calibration constant (W/ (m?** s r ;b isspedtrdl radiance at the sensor's aperfue
(m?* s r ;F issamdal)ogarithm

Table 3.8: Thermal constants of Landsat images

Satellite sensors Categories Band 6 Band 10 Band 11
Landsab TM K1 607.76
K2 1260.56
Landsatr ETM+ K1 666.09
K2 1282.71
Landsat8 OLI/TIRS K1 774.8853 480.8883
K2 1321.0789 1201.1442

3.4.6.3.1Mono Window Algorithm
Mono-window algorism (MWA) also calledrggle-channeklgorithmuse radiance measurements
in a singlethermalinfraredchanneland correct the atmospheric effects to determine land surface
temperatureThis algorithmrequires that the vertical arbrizontl distribution of temperature
and water vapor in the atmosphere is accurately kn@eash et al., 2002)Thus, the single
channehllgorithmwasuseal to compute land surface temperature for 1987 and idd@ges which
areacquired by TM and ETM+ sensors. The maviadow algorithm for Landsat TM and ETM+
requires three critical parameters to estimate LST: ground emissivity, atmospheridttagcem
and effective mean atmospheric temperatilifee nono-window algorithm used byiménez
Mufioz and Sobring2003, Qin et al.(20013, andSobrino et al(2004a,and2004b)to retrieve
LST from satellite dataland surface temperatucemputes from TM and ETM+ using single
channel algorithm developed E®in et al., 2001a)
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4 -Op 6 O Ap 6 O 6 0O06'YO™4 p T

Where- is LSE, T is the total atmospheric transmissivity, ™ brightness temperaturesgnsor,
4 is the mean atmospheric temperature, &nd - FO p t p p - h- TG
T80

W @®WuudDpmE LY EMEE | OWIR O QI EXGin et al. (2001a)

4 PROX QP XPULA4 PP
4 being the neasurface air temperatuf876.46 which was processddom 6S softwarg

3.4.6.3.2Split Window Algorithm
Split window algorithm (SWA)also called multchannel algorithnmusesdifferent absorption
between twdhermal infrarecchannels within one atmospheric window in order to eliminate the
atmospherianfluenceand calculatesurface temperatuies a linear combination of twbrightness
temperatureg¢Dash et al., 2002)The algorithm assumes that the land surface emissivity (LSE)
values in both thermal infrared channels knewn (Meijun et al., 2015) This algorithm is
functional for sensor where there are two TIR charfoeinstanceQLI in Landsat8 (TIRS band
10 and 11), whiclwasused byDu et al (2014, JimenezMunoz et al(2014, Meijun et al.(2015,
Qin et al.(2001h andRozensteiret al.(2014)

The general algorithm dhe split window is given by
4 4" o 4" 4" o 4" 4" 0 0 0w p -
6 6w Y- pC

Where "Y =Land Surface Temperature

0 upO =Split Window Coefficient Value

4 " =Brightness Temperature of band 10

4 " =Brightness Temperature of bahil

- =Mean Land Surface Emissivity of thermal infrared bands (mean of band 10 antilhand
0 "o 0 "Op
C
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w =Atmospheric water vapor content (0.00&)ni Earth science reference table (ESRT) Relative
humidity table.
Y- =Difference in Land Surface Emissivity (LSB}¥ 0 "YOrt 0 “WOp

Table 3.9: Split window algorithm constant value

Constant Value
Cco -0.268
C1 1.378
C2 0.138
C3 54.3

C4 -2.238
C5 -129.2
C6 16.4

Land surface temperature computed from Lan@dbgtETM+ andOLI/TIRS was converted into
degree Celsiudhy subtracting 23.15. Therefore, to convertemperaturan degree Kelvin to
degree Celsiusquation 14 wassed.

3 3 ¢x®v po
Where 3 : LST result in degree Celsiys: LST reault in degree Kelvin

3.4.7 Land Surface TemperatureZonation
Besides]andsurface temperature was divided into three temperature zonesdlaw, average
and high temperatureones basedn minimum, maximum, mean and standard deviation. Each
zone was identified using a pair of temperature thresholde/#satetermine based on the lowest,
highest and mean temperatures of the study area (including aliserahd landover types) and
its gandard deviation. The range of #neeragezonewasdetermined by subtracting the standard
deviation from the mean and adding the standard deviation to the mean. Therefore, the lower limit
of theaverageonewasobtained by subtracting the standard déerafrom themeanandits upper
limit is calculatedby adding the standard deviation to the m@drelowest temperature and lower
limit of the averagezonewereused to determine the range of low zonhijle the range of high
zonewasdetermined by thepper limit of theaveragezoneand the highest temperature of the
study aredWei et al., 2015)Finally, the distribution of the three temperature zameemapped

in comparison to LULC nyas.
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3.4.8 Zonal Statistics
A zone is all the cells in a raster that have the same value. Zonal statistics is used to calculates
statistics for each zone of a zone dataset based on values from another dataset, a value raster. It
divides the raster data based on the zone and cakuslaifestics for the raster data in the same
zone, the cells in the same zone will be assigned thessoeand output to a new raster dataset.
A single output value is computed for each cell in each zone defined by the input zone Tataset.
analyze NDV and LST and to understand their spatial distribution in each LULC type and their
variation, zonal statistics (Zonal statisticsase) was applied in ArcGIS 10.5 environmelsind
use and landover, NDVI and LST maps were prepared for the year 198022and 2017 and
statisticsweregenerated. Therefore, to analyze the spatial distribution and temporal variation of
LST in each LULC and analyze the impacts of LUtltangeon LST data were summarized using
MS Excel2016.

3.4.9 Land Surface Temperature Validation
Land surface temperature results extracted from Landsat 5 TM, Landsat 7 ETM+ and Landsat 8
OLI/TIRS was verified using MODIS datdhe MODIS land surface temperatumedemissivity
product atLkm spatial resolution and-8ay temporal resolutioretrieved in the Hierarchical Data
Format (HDFEOS) which accessed from the NASA Land Processes Distributed Active Archive
Center (NASA LP DAAC) websitéhttps://earthdata.nasa.gov/aboatds/daatpdaad.
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CHAPTER FOUR
4. RESULTS AND ANALYSIS

4.1 Land-use and Landcover of Bahir Dar Town and its Surrounding
As indicated in the dnduse and land-cover classification result of 138mage Figure 15),
cropland wasthe main land-use classin the study areaFrom the totalstudy area,crogand
accounted forl43.49 km? (59.03%). Whereas wetland vegetation, grassland, and shrubland
accounted for 21.2km? (8.75%), 19.17km? (7.89%) and 18.0&km? (7.43%) respectively.
Furthermore, outfahe total areaservice area, low density settlement, forest, open space, water
body, and plantation accountied 9.21km? (3.79%), 7.&km? (3.17%), 7.5%km? (3.1%), 6.7Xm?
(2.76%), 4.0&m? (1.66%), and 3.88m? (1.58%), respectivelyT@ble4.1). Riparian vegetation,
paved surfacg industrial area antdigh-densitysettlementreatogether accountefr 2.03km?
(0.84%). From the total LULC classes of 198@h-densitysettlementovered the smallest area.
Details of each LULC class of the study arfea 1987are illustratedn Table4.1 and Figure 4.1

and4.4.

Table 4.1: LULC classes and their area coverage in 1987, 2002 and 2017

LULC Classes 1987 2002 2017
Area Area Area Area Area Area
(km?) (%) (km?) (%) (km?) | (%)
Cropland 143.49 59.03 | 146.58 60.3 122.63 | 50.45
Forest 7.53 3.1 4.62 1.9 4.43 1.82
Grassland 19.17 7.89 16.97 6.98 13.22 5.44
High density settlement 0.31 0.13 1.47 0.6 3.74 1.54
Industrial area 0.44 0.18 0.59 0.24 2.12 0.87
Low density settlement| 7.70 3.17 11.14 4.58 18.44 7.59
Open space 6.72 2.76 8.13 3.34 13.27 5.46
Paved surface 0.61 0.25 0.71 0.29 1.45 0.6
Plantation 3.85 1.58 7.5 3.09 15.52 6.38
Ripaian vegetation 0.67 0.28 0.66 0.27 0.67 0.28
Service area 9.21 3.79 12.42 5.11 17.23 7.09
Shrubland 18.06 7.43 10.58 4.35 9.39 3.86
Water body 4.04 1.66 4 1.65 3.91 1.61
Wetland vegetation 21.27 8.75 17.7 7.28 17.05 7.01
Total 243.07 100 243.07 100 243.07 | 100
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Figure 4.1: LULC map of Bahir Dar town and its surrounding in 1987

The LULC classification result®f 2002image (Figure 4.2) showed thatrodand coveredthe
largestsurface irthe study areagain.lt accounted for 146.58m? (60.3%) followed by wetland
vegetation, grassland, service area, low density settlement, shrubland, open space, plantation,
forest and water body accounted for 1Kn# (7.28%), 16.9%km? (6.98%), 12.42km? (5.11%),
11.14km? (4.58%), 10.5&m? (4.35%), 813km? (3.34%), 7.5km? (3.09%), 4.6km? (1.9%) and

4 km? (1.65%) respectively(Table4.1). Riparian vegetation, paved surfagéndustrial area and
high-densitysettlement were other LULC classes togetiemountedor 3.43km? (1.4%). Unlike

in 1987, from the total LULC classes 2002 the smallest area was covered by indudbstails
abouteachLULC class of the study area for 2082 presentedn Table4.1 and Figure4.2 and

4.4
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Figure 4.2: LULC map of Bahir Dar town and its surrounding in 2002

As observed in 1987 and 2002 classification map, cropland was again the leadingdart
land-cover class in 2017 having an area of 12&1®3(50.45%) though it redecreased by 23.95
(9.85%) from 2002. FurtheR017 investigation indicatethat from the total area of the study,
18.44 km? (7.59%), 17.23km? (7.09%), 17.05km? (7.01%), 15.52km? (6.38%), 13.27km?
(5.46%), 13.2km? (5.44%), 9.3%m? (3.86%), 4.4%km? (1.82%), 3.91km? (1.61%) and 3.74

km? (1.54%) respectively covered by low density settlement, service area, wetland vegetation,
plantation, open space, grassland, shrubland, forest, water body atuighsity settlemer{iable

4.1). Riparianvegetatio, paved surface, and industrial area were also other LULC classes together
covered 4.24 ki 1.75%).Details about LULC classes of the study area for 20&presented in
Table4.1 and Figure 4.3-4.4.
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Figure 4.3: LULC map of Bahir Dar town and its surrounding in 2017
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Figure 4.4: Temporal LULC changesin 1987, 2002 and 2017

4.2 Spatio-temporal Land-use and Landcover Changes
The resultof the study indicated that there was a significant change in the pattern of bhULC
Bahir Dar town and its surrounding from 1987 to 2(Ardm the totalL ULC classeshalf of the
study area was créand though it has reduced from 143.487 (59.03%)in 1987 to 122.63
(50.45%) in 2017. Shrubland has also declined fi@®6km? (7.43% by 1987 t010.58km?
(4.35% in 2002 and reached 8©39km? (3.86%) in 2017.Grassland diminished from 19.k?
(7.89%)in the year 1987 to 16.KM7 (6.98%) in 2002 and.3.22km? (5.44%) in 2017Besides,
the area extent of wetland vegetation has reduced since 1987 whi2h.@akm? (8.75%), then
reduced td.7.7km? (7.28% in 2002 andL7.05km? (7.01%) in 2017.Similarly, the spatial extent
of forest covehas beemlecreasingrom 7.53km?(3.1%9 in 1987 to4.62km? (1.9%) in 2002 and
4.43km? (1.82% in 2017. Further, the cover of water body reduced from 1987 to 2017. It was
4.04km? (1.6699, 4 km? (1.65% and3.91km? (1.61%) in 1987, 2002 and 2017 respectively.

However landscape covered wigllantationhas increasdfrom 19872017.1t increased from 3.85
km? (1.58%,) in 1987 to 7.6m? (3.09%) in 2002 and 15.5@n? (6.38%), in 2017Moreover, low-
densitysettlement changed froih7 km? (3.17% in 1987,11.14km? (4.58%) in 2002 t018.44
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km? (7.59%) in the year 2017The ®rvicearea was another lange class that showedntinuous
increment from 198 to 2017. It was9.21km? (3.79%) in 1987 and this has oreased td2.42

km? (5.11%) in 2002and17.23km? (7.09%) in 2017.0pen space type afbanland use and land
coverhasalso increased froe.72km? (2.76%9 by 1987 t08.13km? (3.34%) in 2002 andl3.27

km? (5.4699 in 2017 High-densitysettlement has increased from 03 (0.13%) by 1987 to
1.47km? (0.6%) in 2002 and 3.7«m? (1.54%) by 201 7Furthermoreindustrial area has increased
from 1987 to 2002 and 2017 with 0.4 (0.18%), 0.5%km? (0.24%) to 2.12km? (0.87%)
respectivelyThe pvedsurface has expanded in 2017 which was 1.45 (0.6%) while it was 0.61
km? (0.25%) and 0.7km? (0.29%) in 1987 and 20Q2espectivelyHowever, iparianvegetation
hasnot changediuring the study period®etails of spatial and temporal langse and lanadover

change of Bahir Dar town and its surroundiagspresented i able4.2 andFigures 4.54.8.
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Table 4.2: LULC change in Bahir Dar town and its surrounding in 1987, 2002 and 2017

Net- Net- Net- Net- Net- Net-
1987 2002 2017| change | Change |change |change | change change

LULC |Area |Area Area | Area | Area | Area | 19872002 (1987 20022017 20022017 19872017 | 19872017
Classes | km?) (%) (km?) | (%) (km?) | (%) (km?) 2002)% | (km?) % (km?) %

CL 143.49| 59.03| 146.58| 60.30| 122.63| 50.45 3.09 1.27| -23.95 -9.85 -20.86 -8.58
FO 753| 3.10] 4.62| 1.90| 4.43| 1.82 -2.91 -1.20 -0.19 -0.08 -3.1 -1.28
GL 19.17| 7.89| 16.97| 6.98| 13.22| 5.44 -2.2 -0.91 -3.75 -1.54 -5.95 -2.45
HDS 0.31| 0.13 1.47| 0.60| 3.74| 1.54 1.16 0.48 2.27 0.93 3.43 1.41
IN 0.44| 0.18| 0.59| 0.24 2.12| 0.87 0.15 0.06 1.53 0.63 1.68 0.69
LDS 77| 3.17| 11.14| 4.58| 18.44| 7.59 3.44 1.42 7.3 3.00 10.74 4.42
OP 6.72| 2.76 8.13| 3.34| 13.27| 5.46 141 0.58 5.14 2.11 6.55 2.69
PS 0.61| 0.25 0.71| 0.29 1.45| 0.60 0.1 0.04 0.74 0.30 0.84 0.35
PL 3.85| 1.58 75| 3.09] 15.52| 6.38 3.65 1.50 8.02 3.30 11.67 4.80
RV 0.67| 0.28| 0.66| 0.27 0.67| 0.28 -0.01 0.00 0.01 0.00 0 0.00
SA 9.21| 3.79| 12.42| 5.11| 17.23| 7.09 3.21 1.32 4.81 1.98 8.02 3.30
SH 18.06| 7.43| 10.58| 4.35 9.39| 3.86 -7.48 -3.08 -1.19 -0.49 -8.67 -3.57
WB 4.04| 1.66 4| 1.65 391| 161 -0.04 -0.02 -0.09 -0.04 -0.13 -0.05
A 21.27| 8.75 17.7| 7.28| 17.05| 7.01 -3.57 -1.47 -0.65 -0.27 -4.22 -1.74
Total 243.07 243.07 243.07

Where: CL=cropland, FOorest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation,
PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body,
WV=wetland vegetation
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Figure 4.5: Temporal LULC distribution and changesin 1987, 2002 and 2017

Land-use and lanaover transformation matrix presented eible4.3showsthatcropland in 1987
converted intservicearealow-densitysettlement, plantation, open spaaedgrassland in 2002.
The major cropland transformation made by the expansion of service are&rn(?)0ahdlow-
density settlement (1.7%m?). In contraryto this, 5.35km? cropland areawas gained from
shrublandin 2002. Shrubland also changedjtas$and, open space, plantation, service, &ovi
density settlement.Furthermore,3.33 km? grasslandwere converted tocroplandin 2002
Grassland in 1987 waasochanged tdiigh andlow-densitysettlement, open space, plantation,
servicearea andcropland Wetlandvegetatiorwasconverted to crdand serviceareg open space
and low-density settlement particularly plasealong theshoreof Lake Tana and AbayRiver,
places found in the side dBahir Dar University, and some place in thestof Bahir Dar general
market. Wetland vegetation also transformed to grassland, plantation, and shrubland. In the year
1987 from the total forest covathange1.28km? and 0.34m? wereconvertedo low andhigh-
densitysettlement respectively. In the same year, forest cover also changeldmédion service
area, cropland, open space, shrublandgrassland. In additionyater bodyecededand the area
was covered with wetland vegetatiotsighlandand grasslandp 2002.Details about landuse

and landcover transformation matrix from 19&002areillustrated inTable4.3andFigures4.6.
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Table 4.3: LULC changes matrix of Bahir Dar town and its Surrounding during 19872002(in km?2)

LULC Class LULC 2002
CL [FO[ GL [HDSTIN|JOP] PL [PS|[RV] SA [ SH | LDS [ WB | WV [ Class Total
CL 136.32( 0.03] 0.02 1.39| 1.94 2.03 1.79 14349
FO 0.25 | 4.59] 0.07 | 0.34 0.22| 0.33 0.30 | 0.15| 1.28 7.5
GL 3.33 14.72] 0.06 0.26 | 0.39 0.22 0.14 0.05| 19.17
HDS 0.31 0.31
~ | IN 0.44 0.44
§ oP 0.01 0.10 [ 0.15] 5.38| 0.02 | 0.12 0.40 0.53 6.72
O | PL 0.02 3.82 3.8
S | Ps 0.04 0.57 0.61
— [RV 0.66 0.67
SA 0.08 9.13 9.21
SH 5.35 1.02 0.37| 0.61 0.13 | 10.34| 0.24 18.06
LDS 0.57 0.07 7.04 77
WB 3.98| 0.05| 404
WV 1.30 1.14 0.49 | 0.39 0.14 | 0.10| 0.11 17.62] 21
Class Total | 146.58] 4.62| 16.97| 1.47 |[0.59] 813 | 7.50 |[071[0.66 | 122 [ 1058 11.14 | 4 | 17.7| 243.(0

Where: CL=cropland, FOorest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation,
PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body,
WV=wethnd vegetation
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Figure 4.6: LULC changes of Bahir Dar town and its surrounding from 1987-2002

As Table4.4 shows that, from the total area of cropland in 2002, %88, 7.59km?, 5.43kn?

were respectively converted tow-densitysettlement, plantation, open space in 2017. During
20022017, cropland also converted interviceand industrial areas, grasslandigh-density
settlement, wetland vegetation, and paved surface. Fuplaeecovered with grassland in the
year 2002 transformed to open space (k%58) and cropland (0.8Rm?) after fifteen yearsin

2017, service area, plantatidow-density settlement, shrublandhigh-density settlement,and
wetlandvegetationvere expandedtthe expense of grassland. Shrubland also changed into open
space, plantation, cropland, service area, madslow-density settlementforestand wetland
vegetation Table 4.4 and Figure4.7 present the detail information of lainde and lanadover

transformation/change from 2002 to 2017
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Table 4.4: LULC changes matrix of Bahir Dar town and its Surrounding during 20022017(in km?)

LULC Classes LULC 2017
CL |[FO| GL |HDS| IN|] OP | PL | PS|RV| SA | SH | LDS|WwWB | WV | ClassTotal
CL 121.10 0.19 | 0.04 | 1.33| 5.43 | 7.59 | 0.01 2.95 | 0.03 | 7.88 0.03| 146.58
FO 4.41 0.04 | 0.06 0.04 | 0.03 | 0.04 4.62
GL 0.82 12.65| 0.14 1.58 | 0.54 0.54 | 0.22 | 0.45 0.04 16.97
HDS 1.47 1.47
N IN 0.59 0.59
§ OopP 0.09 0.03 | 0.15 | 0.20| 4.99 | 0.04 | 0.74 0.76 1.04 | 0.10| 0.01 8.13
%) PL 0.06 0.01 0.09 | 6.66 0.11 | 0.02 | 0.54 7.50
§' PS 0.69 071
RV 0.66 0.66
SA 0.01 12.40 0.01 12.2
SH 0.31 | 0.02| 0.07 0.51 | 0.43 0.12 | 9.04 | 0.07 0.01 10.58
LDS 0.25 2.00 0.36 | 0.05 | 0.01 0.22 | 0.05 | 8.19 11.14
WB 0.02 0.01 3.78| 0.17 4
WV 0.12 0.26 | 0.01 0.28 | 0.12 0.09 0.02 16.81| 17.7
ClassTotal | 12263|4.43| 13.22| 3.74 | 2.12 | 13.27| 1552 | 1.45| 0.67 | 17.23| 9.39 | 1844 | 3.91 | 17.06 | 243.0¢7

Where: CL=cropland, FOorest, GL=Grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation,
PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body,
WV=wethnd vegetation

e ————
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Figure 4.7: LULC changes of Bahir Dar town and its surrounding from 20022017

Moreover, wetland vegetation areas in 2017 were reduced due to the expansion of open space,
grassland, cropland, plantation, service area, lowhagiddensitysettlement particularly place

along theshoreof Lake Tana and AbayRiver, and place found in ¢hadjacentof Bahir Dar
University. During 20022017, forest cover was converted to plantation, service area, open space,
low-density settlement, andhrubland. Inthe sameyear, areascovered with water body were
converted to wetland vegetation, plantation dpdrian vegetationDuring 1987-2017, cropland,
grassland, shrubland, forest, wetland vegetation, water body was converted into otluseland
types.Landuse and landover chage matrix of Bahir Dar town and its surrounding from 1987

2017 is illustrated ifable 45 and Figured.8.
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Table 4.5: LULC changes matrix of Bahir Dar town and its Surrounding during 19872017(in km?)

LULC 2017
LuLCClass| cL | FO | oL |HDs| IN | oP | PL | Ps [ Rv | sa | sH | Lbs | wB | wv | Class Total
cL 113.45 0.01| 0.19 | 0.32 | 1.47] 5.77| 7.70 | 0.02 5.05 | 0.03 | 9.52 14349
FO 0.02 | 440 002 | 117 0.31 | 0.37 042 | 0.15 | 0.64 7.53
GL 3.23 11.04| 0.22 1.73 ] 1.25| 0.03 0.78 | 0.06 | 0.81 0.01| 19.17
HDS 0.31 0.31
 |IN 0.44 0.44
8 |op 0.24 | 0.16] 3.61 | 0.02 | 0.75 0.84 099 ] 010 0.01| 6.72
O | PL 0.05 0.04 | 3.54 0.05 0.17 3.8
§' PS 0.61 0.61
RV 0.67 0.67
SA 0.08 9.12 9.21
SH 464 | 002 0.82 | 0.08]006| 0.71] 1.78 0.38 | 9.09 | 0.49 001| 180
LDS 0.24 1.34 0.26 | 0.05 | 0.01 0.27 | 0.05] 5.47 7.69
WB 0.02 378 | 021 404
WV 1.15 1.15 | 0.04 0.85 | 0.78 | 0.02 0.32 0.15 16.82| 21.7
Class Total | 12263 | 4.43 | 13.22| 374 | 2.12] 13.27| 15.52| 1.45| 0.67 | 17.23] 9.30 | 1844 3.091 | 17.66| 24300

Where: CL=cropland, FO=orest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=0pen space, PL=plantation,
PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body,
WV=wetland vegtation
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Figure 4.8: LULC changes of Bahir Dar town and its surrounding from 1987-2017

4.3 Accuracy Assessment
Land-use and langoveraccuracy assessment for Z98002and 20Y yearsproducedhe overall
classification accuracy @&5.71%, 86.61%, and92%, respectively. Theverall landuse and land
coverclassification Kappa statistics fthre study periods were 0.854, 0.864 and 0&spectively.
Table4.6 presens thedetaik of landuseand landcover accuracy assessment of the study period
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Table 4.6: Error matrix of land -use and landcover for 1987, 2002 and 2017

1987 2002 2017
Producers Users Producers Users Producers Users
LULC Accuracy Accuracy Accuracy Accuracy Accuracy Accuracy
Class (%) (%) (%) (%) (%) (%)
CL 66.67 75 75 75 100 87.5
FO 88.89 100 88.89 100 87.5 75
GL 77.78 87.5 83.33 62.5 83.3 62.5
HDS 72.73 100 100 100 100 100
IN 80 100 80 100 89.89 100
LDS 100 75 100 62.5 87.5 87.5
oP 100 87.5 72.73 100 80 100
PL 88.9 100 88.9 100 100 100
PS 100 75 100 75 100 87.5
RV 100 62.5 100 62.5 100 100
SA 100 62.5 88.89 100 88.89 100
SH 70 87.5 70 87.5 87.5 87.5
WB 100 87.5 100 87.5 100 100
WV 88.89 100 88.89 100 88.89 100
ACC)‘C’E:Z'gy 85.71 86.61 92
0 0.854 0.864 0.92

Where: CL=cropland, FO=forest, GL=grassland, HDS=high density settlement, IN=industrial
area, OP=open space, PL=plantation, PS=paved surface, RV=riparian vegetation, SA=service
area, SH=shrubland, LDS=low density settlement, WB=water body, WV=wetland vegetation
kappacoeficient

4.4 Spatio-temporal Distribution of Normalized Difference Vegetation Index
The result othis studyindicates thatthe spatial extent of vegetationverwas very high in 1987
than 2002n the study areaHence, NDVIvalueswerehigherin 1987 with its maximum of 0.61
than 2002 which was 0.4%his indicates thathere was higthealthy vegetatioover in 1987
thanin 2002 In 2017 vegetation covewasslightly increasednd this madéhe NDVI valueto
increasdrom 0.45to 0.48 (Table4.7).
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Table 4.7: Normalized difference vegetation index resultén 1987 2002 and2017

Year MIN MAX MEAN STD
1987 -0.48 0.61 0.09 0.09
2002 -0.66 0.45 -0.20 0.10
2017 -0.19 0.48 0.15 0.07

Where MIN = Minimum, MAX = Maximum, D = Standarddeviation

Figure4.9-4.11illustrated that places along teboreof Lake Tana and its neighboring areas and
Abay River bankandin some surrounding places, some places imtrtheasof Abaywaterfall

(the placewhere AbayRiver leavesfrom LakeTana), thevesternand southern tip of Bahir Dar
town have higher NDVValues Further, inDeq Istifanosisland, some placedongLake Tana
shore and southeast partlo¢island have higher NDVBome parts of central Deq Istifarvaisich

were covered with service areas like Monasteries and chuatb@have high NDVialues

Kibran Gebrielis another island found ibake Tana which had higher NDValues However,

most parts of theouth southast, west along airport, southeast, east, northeast of the town had
low NDVI values Central parts of Bahir Dar town where there were more settlement areas and

mostpartsof central Deq Istifanokslandalso have low NDVvalues
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Figure 4.9: NDVI map of Bahir Dar town and its surrounding in 1987
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Figure 4.10: NDVI map of Bahir Dar town and its surrounding in 2002

Nevertheless, NDVI value in 2017 has somewhat increased as compared to that of the year 2002
due to theexpansiorof plantation and green spaces. Therefore, some region in the northeast and
northwest of the town th& close to théakeandplaces on both side of Ab&ver, andmarshland

areas located southern and western tip of Bahir Dar town had exceptionally high NDVI values.
Besides, central, eastern and southern parts of the town had relatively low NDVI value than in
1987 and 2002Kigure 4.11).

Contrary to terrestrial bodies, NDValuesof water bodies such as ponds whacklocated along
Addis AbabaGateway road and Abdyiver, and marsh area (more water than small grass) in the

northwestip of Bahir Dar and Deq Istifanos aKibran Gebrielislandswerebelow zero.
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Figure 4.11: NDVI map of Bahir Dar town and its surrounding in 2017

4.5 The Relationship between Land-use and Land-cover Types and Normalize
Difference Vegetationlndex Values

Figure4.12 illustratesthat foreshadhigh NDVI values because of high chloroplodincentration
andgreen leaf and dense canopy. Areas covered with wetland vegetation, plantation, shrubland,
riparian vegetation and grassland also have &igdDVI values.Open space (eegionwhich was
covered with green areas, recreation sites), and service area (covered withtiragreen parks)
relatively have high NDWalue Cropland have low NDVI values(below 0.2). Further, high and
low-densitysettlement, paved surfaléke asphalt, roads, car parkiagdindustrial arealsohave

low NDVI values The NDVI value for waterbody was below zero.
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Figure 4.12: NDVI of LULC classes of Bahir Dar town and its surrounding in 2017

4.6 Spatial and Temporal Distribution of Land Surface Temperature in Bahir Dar
Town and its Surrounding

Theland surface temperature oketstudyareafrom 1987 to 2017angesdrom 12.35 to 43.01

I n 1 daationsinnihe sotithwest, west, east and southeagion of Bahir Dar town
hadhigh temperaturéFigure 4.13. The majority of those areas wermplandwith some barren
rock whichwasexposed directlyo incomingradiationduringthe month oMarch The influence
of Lake Tana and AbaRiver on the LSTdecreaseawayfrom this water bodiesThe areas that
were not included in the influence zoneAdfay River andLake Tanahad recorded the highest
LST reaching up t@84.93 . In thecentralpart ofBahir Dar town where there waggh-density
settlement mainly the surrounding areas of bus station have higher LST. In additioof thest
central parts of Deq Istifandsland which were dominated by cropland halse recordedhigher
temperature (i.30.59 ) than places covered by plantati
vegetations. In contrayplaces close tbakeTana and Abayriver, and west andoutterntip of
the town havealow temperaturéi.e. 12.35 ). KibranGebriellsland also healow land surface
temperature with the range of 12.3515.32 . Spatial distribution of LST of Bahir Dar town
and its surrounidg for the year of 1987 is presexitin Figure4.13
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Figure 4.13: LST map of Bahir Dar town and its surrounding in 1987

The spatial extent of LST in 2002 was higher than the year 1987 with its maximum value of
38.834,and 20. 32 i n, aBdaDeq Istifarids and Kiboa@etriel islands
respectively. These areas were foumdvest, soutfandeast of the airportaround Debir Duda,

and Weramit) southwesternarea along Yibab, Gudo Bahir and Dishat)d eastern zone
(Zenzelima town and its surroundjraf the town as well as central Deq Istifahsisnd. However,

some places which covered with plantation, green area and shrublands particularly north of Abay
waterfalland most of the airport haedow temperature. In gayear2002 the neighboring places

of Lake Tana anRiver Abay such athelow density settlement close to Bahir Dar University and

the surrounding areas of Bahir Dar Felkttjevot Hospital, recreation areas along the lake and the
river, andplantation shrudandand marshlandreas along tiseplaceshad low temperature even

though mnimum temperature in 2002 was higher than 1®8Jure4.13and4.14).
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Figure 4.14: LST map of Bahir Dar town and its surrounding in 2002

The land surface temperature analysis in 2017 sthbivat still east, southeast, southwest and
central region of Bahir Daown and central Deq Istifandsland were warmer than place located
on the side oRiver Abay and surrounding placelodikeTana. Besides, high urbanizatiorswuth
(Addis Alem and Kiatit), southwes{Yibab, Gudo Bahir and Dishednd eastern regignortheast
and east of Abay Minch Lodyef thetown andncrease inndustrial areas in southwest contribute

significantly tothewarmingof Bahir Dar town in 201{Figure4.15).
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Figure 4.15: LST map of Bahir Dar town and its surrounding in 2017

4.7 Influence of Lake Tana and Abay River for Land Surface Temperature
Distribution

Bahir Dar town is situated along teeuthern shore dfake Tana. This is valuable for the town
since it getsreshair condition from the lake especially during daytjmedthis situationmodifies
or regulateshe surface temperature of the towuring thedaytimeasthe Lake surfaces cooler
than the tow and its surroundinghe prevailingvind blows from the lake teardsthe town.Thus
suchwind brings cooler air anthat carnrefresh the town. Therefore, settlement found along the
shore ofLakeTang for exampleplaces located north of Felegwot Hospital,andAbay Minch
Lodge and major areas in the north and west of the lgeilgemore moisand coldair from the lake
and hae low LST. However, distant areas could not get enougt aolfrom the lake. As the

distance increase&old air blowing overthe town isgetswarmbefore reaching to those areas. So,
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far place such asest of DebankeYebab, Weramit, Dishet and its eastern part, Addis Alem and
its southern part, Zenzelima and its surrounding, Werb Tsion asduteandeasern partshad

high land surface temperaturRiver Abay also influence the land surface temperature of the
surroundingareas Further, places along Ab@jiver and wetland adjoining areas like Bahir Dar
University, textile factory, Abay lalge and neighboring areas had refelyy low land surface
temperatureln addition, the amount of humidity from Lake Tana and the direction of the wind
control the LST of the town. ABigure4.16 indicates thain 13 March 2017 during the daytime
wind blowing towardsN130° (southeast), N180&nd N190°(south) directionDetails of

prevailing wind direction is presented in Figure 4.16.
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Figure 4.16: Prevailing wind directionsand LST distribution (on 13 March 2017)

The red arrow indicatesdaytimewind direction (sea breeze) anellow arrow indicates night

wind direction (land breeze)
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The surrounding and closest areas of the town got moist air and therefore, the temperature of those
areaswaslow. However, during the night time, Bahir Dar town is relatively cooler than the lake
and hence, the prevailing wiridows from high pressure and cooler body (town) to low pressure

and warmer bodylL@keTana).

The nature of topography and elevation of plaaee hae an effecton the variation othe land
surface temperature of Bahir Dar town and its surrounding. For instagbesscarpment areas
covered withriparian vegetation, shrubland, and grassland innbeheasteast (west and east of
Zenzelma tavn), southeaspartsof the town hadigh land surface temperatur€here is als@
ridge in the west and southwest part of the study Hratare characterized by highle®T.
Moreover the topography of central part of Bahir Dar towrrakatively flat and its elevation
rangesfrom17551826m, and LST values of the aragerelatively highheat islandPlaces located
alongLake TanaandRiver Abay have similar elevation with central Bahir Dar tqwowever,

LST values were low due to th&fluence ofthese water bodies

4.8 Verification of Land Surface Temperature Result
The land surface temperature extracted from Landsat thermal band of the study theatudy
periodswere validated based on MODIS datiaat was acquireduring similar period, though,
MODIS hasacoarseresolution The LST result extracted froB017MODISrangaf r om 2 3. 97
to 44.55 . The maxi mu nobtdinechflom28ld raridsat image veethp e r at L
from 20. 43 etramged A ST0Okerved uSimg bbtsensors over tretudy areavere
close toeach otherAs indicated inFigure 4.17, places which are close to Lake Tana shore and
Abay River hadalow temperaturen LST derived from MODIS as welMost west, southwest,
south, southeast, and east parts of Bahir Dar towrahagh land surface temperaturéhe LST
resultderived from Lands& indicates thatentral Deq Istifanokslandand the major place in the
south and east of the town exhibitegh temperature, and places found along the water body and

wetlandvegetationand plantation and forest cover haa temperature.
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Figure 4.17: MODIS (1km) basedLST used to \alidate the LST derivedfrom Landsat 8

4.9 Land Surface Temperature Distribution and Zonation in 1987, 2002 and 2017
Based on the results obtained frainis study it was observedhatthe LSThas been gradually
increagng from 1987 to 2017. Basically, in the stupgriods land surface temperaturef Bahir
Dar town and its surroundingasin the range of 12.38-43.01°C. The landsurface temperature
was classified into three zones, namabyv, AverageandHigh zones (Table4.8and Figuret.18
4.20. As Table4.8illustrate, in 1987 mosbf the place®f Bahir Dar and its surroundirged an
average temperaturangefrom 25.01°C-32.73 °C and itcovered an area @01.65kn3. In the
same yealpw temperaturegonethatrangesfrom 12.35 °G25.01 °C was covered an area of 28.64
km?2. From the total study ares2.78 kn? wascoveredwith high temperatureonein 1987 The
ranges of temperature for this zamasfrom 32.73 °G34.93 °C. This temperature was radically
changed to 38. 78 low, mgh andade2ageeApeatuee zonesespdctively
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hadcovered12.78km?, 109.99km? and 103.94km?. In 2017 maximumLST was higher than
40 a n dparts af thg studgirea verecovered byhigh temperaturgone. The detaslof LST

zone and their aerial coverageepresented ifable4.8.

Table 4.8: LST zones andtheir aerial coveragein 1987, 2002 and2017

Year LST Zone in Area km? Total Area
12.3525.01 (Lowzone) 28.64
25.0132.73 Averagezone) 201.65

1987 32.7334.93 (High zone) 12.78 243.07
16.9626.76 (Lowzone) 29.14
26.7634.16 Averagezone) 103.94

2002 34.1638.78 (High zone) 109.99 243.07
2093-30.69 (Low zone) 27.42
30.96-38.49 (Averagezone) 89.32

2017 38.49-43.01(High zone) 126.33 243.07

Figure4.18indicateghat in 1987 most parts of west, southwest, east and southeast Bahir Dar town
was categorizedn high temperatureone.Some places in the central Bahir Dar town also have
highland surface temperatuBesidessome place in eggtoutheasand centrapart of the town

and the major area of Deq Istifantsdand, hadhigh temperature and fall undaverageland
surface temperatumone. Besides, placexatedalonglLake Tana shore and AbRywer, wetland
vegetationin the west and KibranGebriel Island had low LST andere grouped inthe low

temperatureone.

- |
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Figure 4.18. LST zoneof Bahir Dar town and its surrounding in the year 1987

In 2002, theland surface temperatutgadincreased both in spatial distribution and its amount.
However,due to tree plantatiom theairportarea it was foundthat the area was the highest
zone in 1987 was categorizedaagragdand surface temperature zane2002 Exceptin spatial
extent and temperature values, the region of émerageand high temperatuie 2002 wasimilar
with 1987(Figure4.19.
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Figure 4.19: LST zoneof Bahir Dar town and its surrounding in the year 2002

Further, in 201 Averaggemperature zone was expanded to the central Bahir Dar and surrounding
places of Abayiver as well as some place in the west and sétugju(e4.20). Lowesttemperature
zonealso found in wetland vegetation along the water bodi&vafr Abay and_ake Tana as well

as some place in theestand central Bahir Dar town, arichke Tana shorand KibranGebriel
Island. Whereashighest temperature zone was found in southwest, wast, southeastnd
northeast Bahir Dar town as well as some settlement areasderttral parts of theown.
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Figure 4.20: LST zoneof Bahir Dar town and its surrounding in the year 2017

4.10 The Relationship between Normalized Difference Vegetationlndex and Land
Surface Temperature

According to he results of this stugyit was observed thaliDVI and LST have indirect
relationshipgor the yearl987, 2002 and 201This shows that the analysis and LST derivation
was undertaken correctlyhe higher the NDV,Ithelower the LSTand the lover theNDVI value
the higher the LSTIn the case othe water body, however,NDVI and LST have a direct
relationshipbecauséhe eflectance of water bodg theinfraredregion is loverthan red spectrum
and itemits radiation in thermal regiorhe correlations between NDVI and LST in 1987, 2002
and 2017 were expressed by the R2 valu@9fLg 0.%572and 0.804, respectivelyFigure4.21-
4.23.
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Figure 4.23: NDVI and LST correlation in the year 2017

Abel Balew Remetesthg and Geoinformatics, AAU Page76



M.Sc. Thesis on: Impacts of Lane and Lanadover Changes on Land Surface Temperature Distribution in Bahir Dar Tawvn an
its Surrounding Using Remote Sensing [June2018]

4.11 Impacts of Land-use and Landcover Changes on Land Surface Temperature
Distribution

This studyshowedthat there wasonversionof forest, shrubland, grasslandsdplantations to
settlementindustrial and service areas, and agricultural |§Ridgire4.1-4.3). Mainly, expansion
of urban areas in theest (around Debanke and Felddjgvot Hospital) ,east(Bezawit, Ayer Tena
and Zenzelima towrgnd south as well asdlthange of land intmdustrialarea in soutliKutatit)
and southwes{Yebab, Dishet andsudo Bahir) part of the town made the areaarmer.
Furthermore, hugeegradation or conversioof wetlands along Abafiver andLake Tanao
other landuse madgwesern and northwest, south and central parts of the town evéirom 1987
to 2017. Such landise and lana@over conversion caudéheincreag of land surface temperature
in Bahir Dar town and itsurroundingegions. Therefore, the way to use the land aedype of
land-cover have an impact on the change and distribution of land surface tempibi@igreLST

of the town isalsoinfluenced byl ake Tana and Abay river.

As illustrated in Table4.9, agricultural landecordechigher land surface temperature than other

landuse and landover. Small barren land accompanied with cropland and the nature of

topography also made them warmer even more than urban settlements, paved asutface

industrial aread.andsurface temperataof cropland in 1987, 2002 and 2017was 34.93 38 . 87
and 4, 8Bspéclively. Other landse and landover such as plantation, shrubland, open

spaceryiparian vegetation, paved surface, grassland, and service and industrial areaqusdiye

higher LST. Moreoverhigh-densitysettlement areas exhibited maximum land surface temperature

of 31.15 , 33.04 and 3 8w hoW-densitysettlemenhadLST of around30.07

32.13 and 36.94 ,respectively in 1987, 2002 and 2017

The land surface temperaturevediterbodiesandmarshland has been increasimglatively fast
from 20.21 t029.51 and21.21 to 30.50 in 1987 and 2002 respectively. However, in
2017the temperature of watdodies and wetlandsas30.88 and 38.33 , respectively. On
the other hand, forest cover ardwaslrelatively low land surface temperature. It was 25.34
28.02 and 34.18 in 1987 2002 and 2017 respectively. Tdhetaik information about LULC

classes and their land surface temperauepresenédin Table4.9.
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Table 4.9: LST statistical information of Bahir Dar town and its surrounding in 1987, 2002 and2017(in °C)

LULC 1987 2002 2017

MIN MAX | MEAN | STD MIN MAX | MEAN | STD MIN MAX | MEAN | STD
Cropland 16.77| 34.93 | 30.35 | 2.07 20.40 | 38.87| 3258 | 2.75 | 23.02 | 43.01| 36.68 | 2.42
Forest 12.35| 25.34 | 20.58 | 3.90 16.96 | 28.02 | 23.19 | 4.37 | 20.34 | 34.18 | 29.31 | 4.33
Grassland 18.69 | 34.93 | 29.21 | 2.06 20.40 | 38.87| 3154 | 2.76 | 23.27 | 40.98 | 35.74 | 2.73
High densitysettlement 24.30| 31.15 | 28.35 | 0.94 26.51 | 33.04| 2931 | 232 | 28.05 | 38.27| 32.11 | 0.82
Industrial 18.69 | 29.26 | 25.99 1.71 24.87 | 33.00| 2854 | 2.08 | 27.89 | 37.40| 33.63 | 1.50
Low density settlement 20.11 | 30.07 | 29.52 1.96 2487 | 32.13| 30.15 | 3.20 | 2340 | 36.94 | 3341 | 241
Open space 14.83| 34.50 | 29.48 | 2.62 19.26 | 37.43| 30.85 | 4.42 | 23.39 | 41.31| 34.77 | 3.33
Paved surface 18.69 | 33.64 | 28.78 2.36 2153 | 38.87| 30.37 | 3.69 | 2538 | 41.03| 3281 | 1.91
Plantation 18.69 | 33.64 | 28,57 | 2.34 20.40 | 36.48 | 30.03 | 3.62 | 22.08 | 41.84| 32.57 | 3.56
Riparian vegetation 20.59 | 32.77 | 29.18 1.62 24.87 | 37.01| 32.02 | 221 | 27.31 | 39.99 | 35.87 | 2.48
Service area 12.35| 34.93 | 29.59 | 2.04 16.99 | 38.87 | 30.17 | 3.67 | 21.93 | 40.68| 32.23 | 2.12
Shrubland 14.83 | 34.07 | 28.36 | 2.65 18.97 | 36.43| 30.11 | 3.38 | 23.81 | 41.62| 34.19 | 3.22
Water body 12.35| 20.21 | 17.20 | 4.09 16.95 | 29.51| 20.72 | 3.51 | 20.43 | 30.88| 26.29 | 3.55
Wetland vegetation 12.35| 21.21 | 19.47 | 4.90 16.95 | 30.50 | 21.35 | 5.49 | 20.79 | 38.33| 28.15 | 3.79

(Where MIN = Minimum, MAX = Maximum, §D = Standard deviation

Abel Balew Remetesthg and Geoinformatics, AAU Page78



M.Sc. Thesis on: Impacts of Lane and Lanadover Changes on Land Surface Temperature Distribution in Bahir Dar Tawvn an
its Surrounding Using Remote Sensing [June2018]

4.12 The Relationship between Land-use and Land-cover and Land Surface
Temperature

Landuseandland-coverandLST mays of the study areahowedhow LULC and land surface
temperature have changed during the study peTiod.changavasmainly due tahehighrate of
land trarsformation Land surface temperatunecreasd from 1987 to 2017 and vadewith the
variation of LULC. Among the LULCclassesforest cover regions of the study ared loav land
surface temperature and high radiation was emitted by cropland.tReoyaar 19872017, the
mean land surface temperature of Bahir Dar and its surrounding has incre&s@d y/(Table
4.10. Details information about LULC classes and theiean LSTarepresented in Tablé.10
and Figuret.24

Table 4.10: Mean land surface temperatureand change in 1987, 2002 and 201in °C)

LULC Mean LST LST Change
1987 2002 2017 | 19872002 | 20022017 | 19872017

Cropland 30.35 32.58 36.68 2.23 4.1 6.33
Forest 20.58 23.19 29.31 2.61 6.12 8.73
Grassland 29.21 31.54 35.74 2.33 4.2 6.53
High density settlement | 28.35 29.31 32.11 0.96 2.8 3.76
Industial area 25.99 28.54 33.63 2.55 5.09 7.64
Low density settlement 29.52 30.15 33.41 0.63 3.26 3.89
Open space 29.48 30.85 34.77 1.37 3.92 5.29
Paved surface 28.78 30.37 32.81 1.59 2.44 4.03
Plantation 28.57 30.03 32.57 1.46 2.54 4
Riparian vegetation 29.18 32.02 35.87 2.84 3.85 6.69
Servicearea 29.59 30.17 32.23 0.58 2.06 2.64
Shrubland 28.36 30.11 34.19 1.75 4.08 5.83
Water body 17.2 20.72 26.29 3.52 5.57 9.09
Wetland vegetation 19.47 21.35 28.15 1.88 6.8 8.68

Figure 4.24 illustrates mean LST of all lanse and landover classes has increased during 1987
2017. For examplaenean LST of cropland in 1987 was about@Gand it raised to 37C. During

the study periods cropland had high land surface temperature. However, water body had minimum

land surface temperature, it was°Zin 1987 and increased to 26 in 2017.
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Figure 4.24: Mean LST in each LULC class in 1987, 2002 and 2017
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CHAPTER FIVE
5. DISCUSSION

5.1 Land-use and Landcover Change of Bahir Dar Town and its Sirrounding from
19872017

Bahir Dar town and its surroundinave experiencd majorlanduse and land¢overchangs.
These change were mainly attributedto human population growth and its effect on the
environmentStudiesconducted byAgarwal et al(2002) Brink et al. (2014 andNiamir-Fuller et
al. (2012)revealed that human tagties (anthropogenic effectgeriously affec landuse and
land-coverpattern Jianga and Tiana (201@hd Fenglei et al. (2009lso discovered that urban
expansion contributeso the dramatic change of LULC. Population growth and economic

development alsextremely changeULC (Zhenglei et al.2009)

The presenstudy revealed thatULC has been changing from 1987 to 2072017, both high
andlow-densitysettlement aresincreased t@2.18 kn? from 8.01km? in 1987 Thisincreasevas
madeat the expense of lancover like forest, grassland, cropland, shrubjasjen spacand
wetlandvegetation Service areas alsacreasedrom 9.2, km?in 1987 to 17.2&m?in 2017. Such
rapid urban growth brings environmental problemssag pollutionWu et al.(2013)statedthat
urbanization causes for air pollutiadhu et al. (2016) andianga and Tian&010) statel that
expansionof built-up areas due to urbanization cause the destruction of the ecological
environment. The study also revealed that change in the pattern and type ofridd&3eaurban

heat islandQijiao and Zhixiang2015 and Wu et ali2013)stated that urban heat island extremely

increasedecause of rapid urban expansion

The esultof this study alsshowsthat other lanetover suchgrassland, wetlandvegetation
forest, watebodyweredepleted For example, shrubland reduced from 1&06in 1987 to 9.39
km? in 2017. Wetland vegetation which was 21K in 1987 but decreasedo 17.05km? in
2017.Grasslands alsdecreasdfrom 19.17 km (7.89%) in 1987 to 13.22 kh{5.44%)in 2017.
This landcover depdtion resulted from agricultural land expansion (mainly plantation) due to
rapid population growthncreasd settlementservice and industrial areas, recreation, and paved
surfacewere also causefor depktion of grasslands, wetlands, and shrublafdeerefore, the

study revealed that such landver transformation hasontribution to climate change and
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environmenal degradationThe studyconductedby Y. Liu et al. (2004) H. Liu et al.(2004)
Hussien(2009) Lambin and Meyfroidt(2011) and Donato et al(2016) indicated that LULC
dynamics is a risk for environmental degradation. Further, fooestrbasdeclinredfrom 7.53km?
(3.1%)in 1987 to 4.4%km? (1.82%)in 2017. Therefore, forestoverdegradatiofdepletionwas
interrupted as the maioause forthe loss of ecosystemand warmingof the surrounding
environmentThe investigation madey Abate(2011)revealed that extreme LULC changarim
biodiversity and natural resourcé¥aterbodyalsoslightly decreased from.04 knt (1.66%) in
1987to 3.91 kn? (1.61%) in 2017 This is due tareceding of water and covered with wetland
vegetation.Increasedplantation agriculture along the water bodiso has contribution for
retreating of waterQijiao and Zhixiang (2015and Tang et al. (2014%vealed that urbanization

modifies urban surface water content and vegetation cover.

5.2 Influence of Lake Tanaand Abay River
This study revealed thatake Tana an®iver Abay influence the heat island of Bahir Dar town
and its surrounding. Thermatcumulation irthe town particularlyor placesthatare very close
to the lake and the rives lower beause of the influence of moist air. Asesult,recreation areas
along the lake and on the bank of rivexhibits low land surface temperature. In addition,
settlement areas locatadthe central part of the towraverelativelyhightemperature. However
places which are very far from the lake and the resdribited high land surface temperature.
Besides to the distance from the lake, the directiowion@l has a significant influence on the
distribution of heat island in the study area. Therefore,gh&a@ area of Bahir Dar town is mainly

dominated by the influence of the lake and river thampherabplaces.

5.3 Normalized Difference Vegetation Index
NormalizedDifferenceVegetationindexis an inex thatshows the conditionof vegetationand
greenness of the earth surfatherefore, iis used toanalyzethe urbanenvironment and urban
heat islandgince it indicates the level of dryness and warmness of theTdreeesult of this study
confirmedthat places alontpeshoreof Lake Tana and BayRiver have high NDVI because areas
were dominated byegetation likegreengrass, woodland, shrudndforest. Besidesnarshland
areas in the south and west, plantation, open space, shrubland and forest cover have high NDVI
values.Some parts of centr®eq Istifanos also have high NDVI values because there was higher

vegetation cover with service areas like Monasteries and churches.
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However, cropland, settlement, industrial area, and paved surface have low NDVI values. This is
because of dry nature of those surface and their high thermal emittance property. Thus, NDVI
indicates the land surface temperature of the area though thewrmianrect relation between
them.Sobrino and Raissouni (2000), Sun et al. (2012) and Yue e0@l)i2vealed thaltST has
inversely related with NDVIHowever, LST values of water bodiegreasawith theincreaseof

NDVI values because df large heat emittingapacityin thermal spectrunThe study conducted

by Fang et al (2018)revealed that surface temperature of water badises withincreases of NDVI

becausehe heatcapacity of water is relatively lagg

The result of this study indicatédatNDVI wasslightly higherin 1987than in2002due to high
vegetation cover in 198WUrban expansion and depletion of vegetation cover in 2002 were
responsible for decline NDVI valueln 2017,NDVI valuesincreased due tbigh expansion of
green spaces and recreation areas in urban areas, andriteggns both in rural and urban places

But in 2017, there was urban expansion in east, southedsiouthwest and industrial areas
increased in the southeasof the town. This made NDVI value to be lower in the year 2017 than
1987.Moreover, seasona&iariations in vegetation conditiom particular, the canopy depth and
leaf structure made the NDVI values in 2017 to be higher than that of 2B8&fore regions
having more vegetation cover have higher normalized difference vegetation index than non

vegetation areas

The correlationscoefficient of NDVI and LST in 198Avas 09016 therefore90.16% of LST
distribution was influenced by NDVI.However,in 2017 the coefficient was R= 0.9804 and
98.04% of the change and distributiai LST in the study area was controlled through NDVI
(vegetation cover)Thus, there is astrongrelationship between NDVI and LST. However,
proximity to lake,wind direction,topographyandelevation also influence the land surface of the
study areaHence NDVI is not the only factor for the distribution of LST in the study area.

5.4 Land Surface Temperature of Bahir Dar Town and its surrounding
The study revealed that LST of Bahir Dar town and its surrounding varies in space and time.
Landscape dynamics haween contributingo the spatictemporalvariation of land surface
temperaturgespeciallythe development of urban settlement with impervious surface material and

industriesatthe expense of other lantse and landover typesTheinfluenceof Lake Tam and
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Abay River, wind direction elevation,and nature of topographatso contribute to land surface
temperature variatiolResearchundertakeby Jianga and’iana(2010)revealed that landse and
land-cover changestrongly affect thaurban heat islandepending on the type of changéis
study indicated that NDVI in the study area varies withlasel and landover typesThus,land
surface temperatumistribution and change vary with the variationLULC type though itwas
alsocontrolledthroughother parameter$un et al. (2012)Jianga and Tiana2010, Weng et al.
(2009 andYue et al(2007)haveindicatedthatland surface temperatuvarieswith the variation
in LULC types.Sobrino and Raissou2000, Weng et al(2004), Wilson et al(2003 andYue
et al.(2007)also revealed thatpatial distributiorand temporal ftange inLST and NDVlIvary
with the variatios of LULC types

This study revealed that cropland exhibited high heat island. Its maximum temperature in 1987
was 34.93°C and in 2017it reache 43.01 °C. Grassland, open spaceparian vegetation,
shrubland, and plantation exhigmtrelatively high heat islandhoughthe NDVI of these LULC

types was relatively higher. This gartly attributedto their distancdrom the lake and riveand

nature ofthe surroundingopographyand elevaon. However, forest, water bodind wetland
vegetation exhibited low land surface temperatBrgyadi et al. (2014)evealed thatrgen areas

and trees hava vital role in regulating urban heat islands.

Because of high thermal emission, paved susfasettlement, industrial and service areas
relatively havehigh temperatureand thusclassifiedunder averageemperature zondncreasd
built-up areasimpervious surface, emission from vehicles and inglilstreasedhetemperature

in 2017.Maneaet al.(2013)stated that industrialization and rapid urban expansiomeasethe
level of urban heat islandianga and Tian@010 and Sun et a(2012)revealed that land surface
temperature increasavith the expansionfdouilt-up areas.Jianga and Tianf010, Qijiao and
Zhixiang (2015 and Tang et a(2014)also agreed that negvaporating impervious surfaces like
concrete and asphalontribue to theurban environmertteat accumulatiarFenglei et al. (2009

confirmed thathe changes urban biophysical compositioncreasaurban heatsland

The result of this study indicad thatBahir Dar town and its surrounditend surface temperature
vary spatially Therefore, places which are very closéa&eTana and Abay River have low LST

than areas locatddr from the water bodies. Besides, the wind blowing from Lake Tanaglurin
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daytime refreshes the interior parts of the town and made them cooler than peripheral areas.
Because the amount of humidity carried by the cold wind reduced away from the lake and as a
result,the LST gradually increases. Temporal variation of LST indlaads was also higher even
though they are within the influence of the lake,ifistanceDeq Istifanos Island had a maximum
temperature of 30.59, 3,4 and 3&. 1987, ,2e8pecively iihasisbdrdu3e

most ofthe areaof the Island vas covered with cropland. Moreover, Kibr@ebriellsland had a
maximum land surface temperature of 15.32 2 0. a2d 24i.n021987, 2002

respectively.

The result of the study revealdthtthe land surface temperature has been increasing from 1987

to 2017 For example, in 1987 minimum and maximum LST of Bahir Dar town and its surrounding

was 12.35 and 3.4Hower, itwasincreased to 16.95 -38.87 i n 2002 and
-43.01 I n  RQubhloitinuous incraseof heat islandffectsliving conditionand elements

of climate. The studydone by Qijiao and Zhixiang(2015) also confirmed that higher urban

temperatures change urban thermal environmentsfiaally lead to thermal discomforts and

incidence oheatrelatedillnesses.

High heat island in the study area alfect ecological anghysicalcycles.Yanagi(2008 and
Zhaoand Lai(2007)indicatedthat high thermal incidence stronghfluences hydrological cycles.

H. Liu et al.(2004) andY. Liu et al.(2004)also agreed thdigher land surface temperature is the
causeof environmental changés Qijiao and Zhixiang (2015) and Tang et al. (20ded)ealed
higher urban heat islantiodifies urban surface water content and vegetation cowerstudy
revealed thatapid increase in urban heat island cause for the change of urban cliatudy
conducted byu et al.(2007, Luber and McGeehi(R008 andZheng et al.(2014)confirmedthat
warming of surface water conteamd its surroundingontributeto climate change
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CHAPTER SIX
6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Remote sensing data is very essential for analylanguse and landcover change and its
dynamics, monitoring and forecasting global climate changes, |amdscape realysis and
modeling. Ithas beerusedeffectively in assessingpatictemporaldistributionand changesf

land surface temperatuamd monitorindhydro-climatic circulation and environmental changes

The study usedlandsat5 TM, Landsat 7ZETM+ and Landsat8 OLI/TIRS datato analyze the
impacts oflanduse and landcover changechanges on thepatictemporal distribution and
changes oLST. The stug revealed thaNDVI, LST and LULC analyzedfrom those images
provide crucial information about the current conditionganituseand landcover, landscape
dynamicsand environmental changd-urthermore, the studydicatedthat Landsat imageries are
very significant forassessing@nd mappind-ULC, NDVI and LST of Bahir Dar town and its

surrounding

The LULC of Bahir Dar town and its surroundirigas been changing in space and tifRapid
population growth associated with doipation of landcover and urbanizatiorespamsible for the
change. Thereford,ULC changs hasan impact ofdand surface temperaturéhe finding of this
study showed thahere is a significardpatial variation of LST in the study area. Places found in
south southwest, west, southeastd east Bahir Dar town areharacterized byhigh LST. Low
LST areas are located along the shorkakie Tanaand on the bank dRiver Abay.Central part

of Bahir Dar townis characterized byigh-densitysettlement and service areasd havehigh
thermal accumulationThe suburban settlements and some areas particularly around general
market and bus station halkgh risk of urban heat islaneffects Moreover, cropland®catedin

the southwest, westastand south Bahir Dar, and central Deq Istifatsd@ndhave high thermal
heat island. This is attributed to thbarrenland pedrockexposed) effectand these areas are
located relatively far from the Lake Tana and River Atieat major role in refresig theLST.
Industrial areas which atlecatedin the southwestern part of the town also exhibits high heat

island. Forest, wetlandegetatiorandwater bog areashavelow LST.
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The finding of this study also revealed th&T has been increasing from&®to 2017. This is
because of theapid change of LULCthat isdriven by human activitiesthe influenceof Lake
Tana and Abayriver, wind directon, nature oftopographyandthe effect of climate variabilities.
Therefore LST the study area varies with the typel@fLC. Normalized difference vegetation
indexis also a good indicator of the conditionldJLC andLST. Hence, using satellite data for

analyzingLULC andLST is very effective.

6.2 Recommendations
The studyemphasiedon theassessent ofthe impact of landise and lanadover changgon the
distribution andspatiotemporalvariationsin land surface temperature in Bahir Dar town and its
surrounding from Landsat imagery. This studyeakdthatLULC transformation waene of the
major factors that contributed to the increasing®T from time to time and place to pladéus,
the following recommendations halveen forwardetdased on the resalbbtained fronthis study.

1 Landuse and land¢overchangs areserous problems, andit resultin raise land surface

temperature. Therefore, land and urban management, ecology and environmental

management experts should focus sirategies and poies that governsproper and
environmental use of land and its cover.

1 Some placen the center of the town anmkripheralsettlement areas have hegturban
heat islands. Thereforarbanplanner should focusn howto expand tree plantation and
green park# those vulnerable areas

1 High heat islands are found on cropland. Hence pi@®ationshould be expanded along
the agricultural land in order to refresh thermatumulation effects ithe area.

1 The effect of ndustrial areas on thermal em@ssis increasing. Therefore, there should be
thermal refresing mechanisms such astroducing green areasand continuing tree
plantationaround thendustial zones

1 Urban areakave beetighly expanthg towards thesouth,southwesteast and wegtarts
of the townHowever, these areas aleeadyexhibiting high heat islandlherefae, urban
expansionshould nottake placeowards those region&esideswhile expandingurban
areaseffective LULC assessment and environmental monitoshguld be made.

1 The study carbe usal for further research in the area of lamse and lanadover and its

impact.
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Appendices
Appendix 1: Sample LULC photographs
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