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ABSTRACT

The wurban heat i sl and (UHI) refers to the j
temperatures occurainng nin her bsaur raced@d&ng hr
infrastructurewa(rGdi)ngc,anprnoivtiidgaitge cool i ng ben
energy consumption and i mproving human heal
critical area pon tleoemm@mden athuraendhdthse arr ange me
i mportant problems in Dire Dawa City Admini
| ocation of ur ban heatmeit ©iloamsd oéf fiedsepnetti f $ |
| ocation that sswp@apemgti c pl acement of green
identified urban heat island | ocati otnlse ar e
integrations of remote sensing and geograpt
framewiodé&ntiofy thexahomtsepottlaeeas] ati onship
and daffinally tpheeppomahgl ocati ons of new GI
beneTdatachieve the pbjlLasé#i-dv@awnarf, tLhSeT satnudd yND
extedctromb LaANMdAdEAO99) and (L2MldXBhehte & e@lull £ T IoR
change fodi ¢thtedlast 20 years there ha$ been
settl|l leymomeseétohamd the other side, Sspbyse ve
more %hlehre 4t udy indicated that99we®t chrmreage dh
to higher. ThSeT riens u2l0t1s9 di5orw Diaavee wwWaigmcardeea s e
from 24.61A0hie 28e7tAC.ckhetl beteapedi alnl y
attributed to the decreasingThifs velgewsatt ba
correlation between LST 6689 ND¥Mhdaived sh bhg
negative corrjeladtmiec@n ddBd .hd & shpeEleRti uadeys g u n d
thambye than 13% of LU/LC was identified as
3BCAs a resul't of opti mal Gl pl acement , s
Theulres showed t tmatth,e tphaer kdiiwsatsaynpcoes rfrrel at ed
The mSa@ncr dygsd@dCabs3 the distance incrédhses by
this foumdat, i ncreasiing hdtes pGd%, r edrdean athyS T1h3
drops approxKmafeoyhisploasdlaile®® regionall
t hecan be kyhieewadi tGIdheobkt ndw ,0@prdlmided nigha
spati al |l ocations of Gl in the proxi-umqpty of
areas and bareivaeangdgsi modow!| dt remctei on i n the
desi glmieng.pti mi zati on based framework can ef
regard to GI all ocati®mi & ostiumpy osvleo veedcd etsisa tv
and technvgquéastamandioflLsSITi aelmlre atbe dulttys and i
environment in a shorter analysis and evalu

KeywokL 8% NGDV I



CHAPTER1.INTRODUCTION

1. 1. Backgrownd of the stud

Ur ban cli mate change and rnagpeisd aunrdbahumadam
consi der a’tcieonntsuriyn u2 % 8 men &5 n.lAoc@ding HOHR7 )
United Nation in 2018, over half of the wor

this number is expected to iease to 68% by 2050 as a result of rapid urbanization
(Chaobin,2017 & UN., 2018)As result, more people will suffer from urban heat island
(UHI) effects, which are caused by dramatic changes in land use and land cover, energy
use andhatural ecosystems increasingging replaced bympervious surfacesl herefore,

urban heat island is an event resulting fnr@pid urbanizatiofAmaniBeni; Zhang, 2018)

which is described as urban areas with signifilya warmer temperatures than its

surrounding rural areas.

One onfottoheei b@sts of wurbanization is UHI, wh
the mean air and | and surface temperature
areas (eKai0ilah . According to Btahé i sganr{y 901d)
increase in temperature i swhmaihn llrye atdhaec eavetnct «

of green infrastructures withingddmped)vi ous su

As the ofiumpbenn!l attuobhannkcawertibebeamalracrhged ct ur
coupled with intensifying human adtoirwmi tnige s
UHI Yuept azad18) . This effect has signitfhi cant
consequences for energy and watldrut @ oins u my

greenhowanae gadaresemer gence (Afr nfae giladnal2obe8gt i

Dire Dawa City has <critical vfiunicetsi.onTshiass ias
related to the <characteristics of ur ban a
acti (iDIDICAs . 20T1th8&) economic activities of t
mo v e nfernam subur bs aunmb ewi lolfa gpecsp ulTahtei om i n D
i ncreasing fr onB 9118, 80n000@ MIDAS , 1 RPDA Ot)®asi ng po
|l eads to increasempsengous durtaceswht sh agdvet heses
sur f acea ttuernepse. During t hat periaoge tdaremwealw
1
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the City decreased. l ncmeashag arctiwondugy
[ form characteristic of a typical mi cr
the occurrences of wurban heat isl and.

Dir€i Dehyea ef f ect of UHI has beenduienctroe e
Ni munernunmb green i nfrastructures with res
d the number of,rpeplut atgonenipveatta ewoSe t y2rn0cli

cording t oonktlhiMeptieaonr oNaotyif oal t Age htalga ( 201
an mi ni mum temper at uory® ABabe bamvnualncmasnt
mp eraast uoreee nh i ncr e A& inndg abvye raabgoeu ta nOn.udad t e mg
creasing by 0.6AC per dedhadet hpautghowlt at

avail able data, annual maxi mum temper &
d at the meteorologiCcdAlgmsmhnhatsitoms i oomc atSe

Dawa are <characterideidncrye appeak sr eisn de

c

mption as well as the emergence of e’

_‘
o v ® S5 3

ement of Green infrastructures (GI) anc
ning period can eath,@2a0lcddle8 )t hiOneprodbltem (

Cities a Ilivable place andGlandlo drmwi

< X O 9 oS
o -
«Q

el opment and planni ngt.@f0lldew ur ban areas

=

dingtta( 20428) , recogmimi tnigg athee PpHolt,e ntt

i x has | aunched a master plan that a

nw @® O

® S

qguentl vy, an i mportant qguestion is whe

@ S5 O O

l'ize potenti al cool inginbgenamdt snodéImpmg@ \

nef it of green spaces are required, hov

S
evious studies have mainly focused on t he
ports are avail abl e fofnectth ei ne xttheen ssi uornr ocouf n dt
tches, and it has comEoouexamphe di Hamaea
010) suggested that, the cooling effect ¢
t éeHamda and Qhthao,we2vOelrQ ) a cecta,(adlio® g et oo olbd n jna

nefitan urban park can be extended in the
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the |l ength of the park . On the othdeératside
green space can be 1AC t o7 ACAC,c oan e rs drmetni ns
buiulpt areas, with cooling i mpacts extending

green space beotugadlad) es (Chow

According to Madh@h®) asidudy kimanSr(i Lanka s hc¢
space up to 30% in erbaerageasicd@dn’@mp&dneaetasl
the other hand, converting entire green ar
the a@avedareampbramurd. 798ACton2%Tol ombo. Thi s

sensitivity of UHI to vegetation cover i n
Manchesteet . (XH®BINd)i,ahf ound that increasing gr
up areas eounaki dmeeor esaug f ace temperatures by
done via creating new green spaces, i ncr ea:
roofs and wall s. Similar strategies can be

in Apot s® suchidy tcewn earsd €ransport hubs,
urban heat | YadgtuAc(cO®Wd nlgd % oi ncrease i n ve
gener al rtud ee )t e nbpyeuraabtouurte 3 A C

Currently, idnffeeewbrkdthase been focused

infrastructur e, i n ordertuoerefBoceexkhepbknayi
(Spronkene t . 2a0I0RwugdellD. et ., 220 1 0 Klakred . ,al)2¢@0dm®cl uded t ha:
reduciergabviulinty and exposure to present c |

spots spatial | ocation and strategic placer
future climate change. Strat egbieensedsiutasht aes
objectives can increase resilience across
to i mprove human health,andawvii@lminahd geadmnd mi
Urban GI, such as open parks, sfogkgtsecagd
as key component é§Samt aumdouarni sp, |2a80n0flh;efyCshm o b i n
cool i slands and i mprove outdoor ther mal c

significantly reduceodeuncveidr o b yne rihGsdat n gsit sal easlrs
Akpina, 2014,; Khey ,c2®Ml1lda)so provide critica

i mprove residentso6 health and well being.



Currently, numerous studies patviealbeema rcantde
changing trends and i mpact factors of UHI
Geographic I nformati onFd&rytsaureimsk ,( G2 ®Q 9 )t eara
ChristyAmoxQyl5)he above, the redladtiemchshngscd
become a hot topiacngingt rasemaachs beicda@se th
great significance to formulate wurban planr
somepoirm ant i ndi cat ofFs as uMetgreatlat INODVI Cawner h
commonly applied to exam{bheutB6lspatandl Honag

Extensive research has explored relati ons|
especial |l yo witetagtei oag d We n oG .20 D,;1Fledywiaasg,l . G
2014 Studies have suggested that | aGidscove
are strornsg opfr eidtisc tboo @&ft i,22@1 b)enef i t (

Furthelramond eyse | amde cawerdendidifypaemnt exgir ®teinn
ad so have iIimpactsetwl®ObolEixpdi ¢cChangnkages
benefits and the | ocations of green infrast
fo | ocation tmof@me |t hceonmddallcchgmai denpumeci oal
deal with surface energy bal ance, simul at i
UHI ass€ssmenrO(11; and Yuan, 2013) . Resul t s
in temporadr esclailmi tkeldt i n spatial -axbaent,

temperature variations.

Combining broader sachajleec td pveet iaadt i dd tzaa,t | mal |

applied recently to determine gregnvamifouwus:t
kinds of environmengldéebmanahfdt®dhs Jhee@OdLajye
mu lotbij ecti ve empirical technique for opt i mi

space with respecti mpo oaviermeaartd avea tweerl | g uaasl into
reducti on. Zhang and Huang (2014) sought t
withinobadjeattve heuristic, where temperatu
intensities. Asryanhemaweall hasoattempted 1
the aggl omeration of cooling resul fenogsfro

their spatial all ocation.

4



The above mentioned measuring and moarel ing

integrated framework that combines remote s

greatly 1 mprove method reality, all owi ng
|l ncoaped wi t h Gl S, stabpst mcaht idoadcti deatt hhoed
practi cadleclicdaothioomehihmagce green i nfrastruct

firdentifies the hopuamptoitf izeosn eso aalnidn gt hbeenn e f
infrastruct,LrUdf nuds iNDOFIi LhSETh kot g pewi zbngr een
infrastrtulte uc ®@cd fi nr dpanseddat@ r d diiccattda do n

The purpose of theodtendy ads |lprcagn omsEeras hel
i n Direi tDpawtahrG ugh isdpeontt i If oyd antgli wtpmmes nThheet odfe vt
infrastructure could reduce the severity of
buil ding academic knowledge and provinde bas
Vi ew, t helL @atpaiolfed hle Ci smumwiidilpdlurltared wthed
demainnd t he planning and arrangement of Gl

i mproving the capacity o,ftoDiirmplRawat Cistoy nA

| ocal l evel for i mpr ove menrete nofi ndtrrasstte quica up |

1.2 Statement of the Probl em

Ur banization is the main driver of UHI s, a s
change, transforming natur al urban | andscar
housing anfr ps(Arurca wrand Rena,rdzahntz@eansges
occur in the |l andscape. Buil di ngs, roads,
vegetation and other egra®m®l10nsf riSluaef aweueed
peranbel e and moi st generally become I mper mea
and City groekkbessnwvei heggahimedurd@ah5gnreas

The climatic conditieneaofi zRidr d@dyDavvaa mCiatnyd ids
relatively | ow | evel of precipitation. Thi
of Gl i n the City therefore; solTdiri senercg)ye ai

the surfacestletmpreg at or @j gher ur ban temper a

nNights compared to-urlbb@se airmasumwi aulindigd ven



|l ncreasing temperature due t o urbani zati o

Admini strationdatAiem, |laadk defgr appropri at e
regul ations, |l ack of more ¢rpdem niimégrossst r oG
problems in Dire Dawa City Administration.
environment iimertea steismd.r om t

The serious problem that initiated to do tF
|l ack of proper identifications of the most
the arrangement o f greelnl imdtrarsttirallct af e ot
especially considering the spatial | ocati o

i mportant ©probl emsLaicnk Doifr ec oDnaswad eGiitnyg t he r
during planning andgdgeaivan ieqwgrhgpreir Spigrmghidyeg m.me
identifying t he hot spot | ocati on i s t hat

infrastructure Iin the context of identi fied

This study f ocieedle3dh ootns ptohte |iodcaamtdiiofn a tbarsse ds wa
LULC change, c haargeex iisnt i tngmpGd réoast varned f i nal |y
based on identredaéehodoespst bwhiiohroducing

design.

1.3 Objsective
1 .3 Gener al Objective

Theg neabgle cotfi vtehi so sitruwes tiisg att e dpttismiozi n g cart
infrastructure which reduces |l and surface t
1.23 Specific Objectives
Theoeexobjectisesdygf arki $0:

1. Identifiesthe surface temperature hotspot areas / maximum heat load area.

2. Testthe interactions between land surface temperature (LST) and green infrastructure
(GI), through NDVI.

3. Evaluate the cooling benefits of green infrastructure.



14. Research Questions

l1Where is the |l ocation of temperature hotsp
21 s the existing green infrastructure good et
3. How much is the degree of cenlinfrhesenetboc
devel opment in Dire Dawa City?

1.5 Significance

|l denti fying the spatial di stribution of ur
hot spots with their magnitudes can be used
andhproving safety of the environment by al
the critical areas with the hi ghest heat
measures could be optimized throllgd o¢atrpget

of study iIis used as basis to give more det
surface temperatur e, the clue for further
desi Amidn @.l so hel ps as an indi ¢atingn ffoor pDia
the urban green infrastructure.

At the end of the study the society and different stakeholders get the following benefit:
optimizing the locations of green infrastructure pesducemultiple benefits including
decreasing the erosion kgeping the soil in place with the roots and reduces air pollution
by filtering pollution and reducingir temperatures, energy demand, greenhouse gas
emissionsincreasing urban biodiversity and improving air quality in case of urban
vegetation and genaty, the &sthetics of Dire Dawa Cityt also help as an input for
government policy makers, urban land management, natural resources managers,
environmental experts and other concerned bodies for their decision making processes

related to how LST change¢hrough time.

1.6 Scope of the Study

Thepaticalpe of study was Il i mited to Dire I
characterized by warm and dry cl i nfaNtMA,wi t h
Et hi optiiaomnaNa Met eorol oogi ¢the Atgedygy,wa20 1f9)c
identifications of temperatuse &80t sapmadt iars



correl atiion twiet &idbllyy zaeersd t he cooling benef it
Finakknpeermd potenti al griene rDiirref .rDaasmar uCd tt wr e s

1.7Zimitatfi eome Study

The framewor k, wewevart,i oms efaf ofritr sand as S
' i mitations that require attentioattieaernhstaof
the cooling benefit and the effect of t he
were simplified to an fAall or nothingo cove
Il n addition, an i1isotropic emplfoayceed ,t eimmp ewfait
temperature is represented by its mean val
effect varies spatially in different direct
the interactions of @aoeds n@gts.aaoAlylnSh)thjea c s W (

requires more adjacent green infrastructure
Al so, t he study only used dayti me remot el
temperatur e, whi | e ded a0 niasl alnsdo nnechestsianm y

understand theé hemechanii ags lbemefhresenof nfr ast

addition, new spati al structures of ur ban
roofs and bl ue otnftralsdmuchuoesacaoentn i n t|
addressed in the process of wurban planning



CHAPTERZ2. LITERATURE REVIEW

A literature review was performed on the
t emperfaltiusy chapter expl oreenckeoptthualt hdaraaneiw
Comprehewseweof green i,exphsestrongtuhe rCcmpaet
role of green infrastructure in reducing te

i ni fdf er ent countries wer e c Olvheer ed h auincdee r o0 ft h

framewor ks i pebaestehdd toomt htetoeg i es ar e f undame
problems, which facilitate the choica&s of me
we l | as interpretind®Antdhéd i frmaoirdayafpgtumdBviov ikk ,waz

devel oped based on the objectives and state

2.1 1 ntroducti on
The current rate of gl oball luy,bawiitzlatnear liys

wor Ilpdbpsul ati on projected to (bAendlriewi, nA0ilt2h)eu r

same time we have climate changes which ar
years i ntdud hien fpuarutr €tjof et hoef |coankgh bshisedlefom j d &
Mor eover, the effects of climate change ar e

their distinctiV@i Ibli ophmyg sPxzwalleifteat2d @3)

Urban green infrastructure (GI) i's @apnet wo
areas that form part of the wurban | andscape
including grassed ar amepd,est rode s harmsd tpgprek sofar
infrastructure I s Iimportant as a climate cl
a host of wider ben(edatthsr v oampd olprl.eAman,d 200 1 A

2. 2. Theroarneetwocrakl. F

2.2.1. The Urban Heat I sl and Phenomenon
The UHI phenomenon waersncnioeifsbsetsh et huer baxc eesnsvi r
compared to its rural surroundi ngs. This |

relative surface banolainmdg (rAktachs aly FRBOGN t hhre |



dAJHIhéas beenm dddeaxecrriecneati ve el evated temperat
(Voogt, a&20PPegdring as an ifdfihelrarsd @ Gemr tmad9IP &9
At mospheric and surface temperatures withi
than their peripheries. This is due 40 the
evaporatiyvyeoandumiman materi al s wi t h hi gh
reflectivity, such as concrete masses, asp
exhibit a high dédreauoantdam®e mal erd celdedd abeyt ea
high | evel of absorption of solar radiatior
as compared t¢Rpnatunald HLwbldeassrR0HO¢ mat er i
reduction in potwinthiah wobdnngr ease as ¢ o mj
(Quattrochi and Luvall ,19%7s RoséeardcBPeva
what produces the UHI.

. Spati al Ch alrabcatne Hlesaftid &8 hef stplae i al char ac

UHI are contingent upon the configuration
however, the spati al pattern of UH-r ur abt he
boundveoroygt ,. 2MoOr2e)ov er , the increased temper

phenomenon are not uni form acr-wrstsant hteh eurrnba

patterns are generally i(nSdmugkamac®&)d by ur ban

i iHot spWHIs nt(enBHot ypots are the result of t
magni tude of average weather changes at t

weat her and | i ving Tshtiasn diasr ddsu & me o nhsah e il noechait C
the time most rur al surfaces have already
materials wil/l have only ©partiall(yAntaonoil ed,
Beni ; Zhandhe2@ée@®pdi fied urban cl i ma-t e, mu
urbani zed Rogeo@uandd nDesWaodae,ov2009 )t he di ff er ¢
bet ween urban areas and their rurall eari phe
ni ght s. It has been foumg dnoeat micliltijoens hari tin
averagezhboarded€t $ 0 3AC warmer in atmospheri c
t heir rur all ST ErPAQ u. n2ddHInGE)es , i n some cases t|

di screpancy has been ®WALE2A@ dd it(fold rdiree eacsei my c
ManchestekeeperRdiOvyg on the LULC and topograph

10



The magnitude ofhoaspOH]l whikhowanade def i ne
di fference between urbahAmdrdew,udk2dlil 2ayme @S i
i dentbiyf iccodnsi dering the exposnurleuearcaedsdrysic
regi on, | ocal topography, i ndustriLauLCdevel
charactpempiud tait ¢ ®me adlenssnd yvegeéFationi abuyngaos

Met eorol ogi eslpecoaldl yi aviesmgp dmmpgede san i nten
al saot her i hnodt i sCpEdetA ,s .20Qf0 ) ah di ddetedrisoned abo
LULC char,acmecan sttempandt the abandance of wur
the two f actnosrisdewheidc ht oarheavceo t he moasensi gwgi

as wel | -uarsb aonn tihnetrfida la np atntderCmsane, 2006; Arr a

2.2.2ypes of Urban Heat I sl ands (UHI s)

i . Atmospheri sl bAtbmwors ptheeati ¢ ur ban heat i sl a
two different categori es: canopy | ayer hea
(BLHI) . The CLHI refers to the | ayer of a

approxi mately douBLHMI nigs hleogdtted Tabove the <c
to 1Km or more in thickness by( Woaygtan @f0a0 2f)e

the two types of atmospheric heat i ®ldands,
and referred to in the majority of UHI rese
[ Surface U h&AT)hke aSturlfalcenddr ban Heat | sl

the relative warmth of ur ban-usbahaezed somp
Whi | e t he at mos phertiecct &JdHl by armgr dend based
measur ement s, the SUHI I's typically <char ac
temperature (LST), based oRoxHe220B @ SaJHI tsher
are generally stroargests wWallrliyngprtensee ndta yd ubruit
Similar t o UHI s, t he magnitude of LST i
characteristics and vegetation abundance. L
their intensity tendatt a fArdanyi mudd h e2ndi3é)f & h
in daytime surface temperatures between urab
however, at night the diff{®©lean2@03p bet ween

11



2. 2.v3 rEoonment al and Soci al | mpacts of UHI
Al t hough there may be certain positive i mp
associated with UHIs (including the melting
energy requir ecgfeorgphoan tnign gs e aasnodn )I, 0 such po
|l argely out wei ghed by t he substanti al det
di scussEedPA,e.l 20wl 0)

The UHI phenem&mown to reduce the stabilit
whi c h, under certain meteorological condi ti
cl ouds. Thus, the effect of rainfaldl event ¢
oni mhte change are expected to increase ir
change) may be amplified in urban areas, re

t o, among other things, t-wat ee e d rPéiomayg eamrdc
Hanson, 2007)

2.2. 4. UHI Mi OpgamiUeibaphiGoegim Il rofcraa s tornlsct ur
There 1 s ewiidengxreeadcdhat communities would be
able to work with nat(ukKkoeavatpr oaxned s©sCrorend, s
infrastructure provides a hostl g piésenecart
i mprove air-r and water guality, enhance f 1 ¢

(Kathry and. DG6rAena, i BD0A8¥%tructure approache

and resilience ogoadust covmeers da nr armdgla ti on to
climate adaptation benefits of green infra
moderate the i mpacts of extremetp2@t7 pitati
I . Me t hpotd smpgozfGroeen I nfrastructures

An optimization appabackepretehvasthothakbeimegpt i
specifications dljcect ione viaumatbil @s and cons
sol uti on Ginédbtle adabls3 B pptimization, a problem is fully represented by
mathematical terms. The mathematical representation is in terms of objective functions to

be maximized or minimized subject to set of constraints.

12



Some of the earlier appuseathi omcamnd-uspngime
all ocation modelest.,(aAl9%@8Bdeli shy nWuinghthhleo scanhi
model s. The main issue addressed on this ma
construction of any, spgarnkd uetec . suTthi asma ckall

maxi mi zation of ac qubierneadh datrneian, i mnmiazzektsi ozna toi fo n

The general -bbjymopifvei znautlitoon model can fur
consideringussepealilfocatliaonnd pr obu :en alsl ocacnat e
defined as the pr obuseem noafp dtehtaetr mi dne mtgi fai elsa
land-use types. The objectisean be minimization of environmental impacts. The decision
variables will, therefore, be the determination of whether a particularusadype is

applied to particular location or not. The final solution of these kinds of optimization
models is a landise map with every landse type allocated to the best possible Jasel

unit within the study area.

Combining broader sachajleec td pveet icapdt i ddtzaa,t | mal |
applied recent |iyfrastrustureBed cear tmi anes ygirreemhan€i ng
kinds of environment @aUN®keintedti t s20THhesGSAd)
devel opeabjaecnuilvter empi ri cal technique for o
and open spdcd owiatilr raemsdpewat er guality i mpi

temperature reduction.

Zhang and Huang (2014) sought to minimize
mu lotbij ecti ve heuristic, where tempegiattiuve ®. i
As vyet, however, no current mo d e | has att

cool i ng r es uihfrastructgresf rwohm cghr egarnreat |y af fects t |

2.2.5. TBen€é€dbfotmgen | sfrastructure

The abundaehaer wvégetation is known to grea
environment and t he devel opment of t he U
atmospherichtemgkbraevapepHamada, r8ti and Oht a,
process by which heat from theéeGialilr amrduPas
20Q7)Evapotranspiration is believed to be
temperatures within urdahA@nwp reomn, 28AD s( BRA a

13



As study by. aBOZzdb)Vicindicates in the city o
to buildings | owered internal summer temper
by 6AC compared twm, awidrho at rceerdr esscpeomadriin g
consumption of 26 %. He also concluded t}
infrastructure i n greater Manchester by 10
result in a coolanhgioh emi $9i @nsA@ouhdecomp
scenareto,240®@i7l)I. Green roofs buildings can r
by around 20AChan!| esnwo s@Griuedey?2 OMMal)l s i m t he
reduce indoor temperatures dty,20A0pup mi ai 6A4C
green space could resul ti7 AQChae wc, @bl li)nvwgi tbhe ne
cooling i mpact s 1eOxOtrme nbdeirymg rds( sSBomawe eechra 8 8 1 0 ) .

2.2. BMeasuring the Urban Ther mal Environment
There are a variety of approaches to the n
including mobile sampling of air and surf
airborne vehieailresgnd asnprl fi anage oki neti c temper
the remote measur emeonrne fp(LAStTdsoefvnso O g2\g e re,
remote sensing iIs considered to be oéne of

variations within urban settings due to th

contiguous samples ovéwNukargeoOa)eas instant
Mor eover, the remote sensing amedtihnogd tchaen sppr
extent of surface heat i sland effects for

magni tude of sywWbaoeandmpBavARedaosrediOn’fg to t he
(2007) , I n Shangg hias , alreanoae vaknabhe tool 1
vegetation and LST as it can obtain data

condition of wvegetation.

Remotely sensed ther mal infrared data are ¢
hea i sl anedts,2200v'dng Mor eover, remote sensing
information system (GIS) can beeusa®lli;n | a
Wa k oedte,2a0l1 3) . MupRD a7 disetlegha&ti onseobelBsBngn

spati al statistics and spatial optimizati or

14



And he found that, occpatni npirzoivni gd ersd aApQprrleoexei antsalpt
andAQ. 6egionally cooling beneAriitsoma.n be ac

2. 2L.S/T. Zo@l ags i(fmed dstoido n
LST datasyingshtomezed and grid based for a
1996) . So far, various remote sensing sens.

t her mal i nf rcaoraerds eb atnod sf ifnreons pat i al resol uti

(Penget Xa0kl.6 ) adwapDedt i buti on I ndexo (DI) r
contirarbuaf LCZs to SUHI phenomenon. He part
as a direct indicator of the SUHI phenomen
LSTs were normalized and categorized by f
hot/ WwighoJdJenks natural breaksest.cdhGG®G8).i cati o

Hot spot s can be <categorized i nto siXx cl as
interval, guartil e, natur al breaks, geomet
beaks scheme, the classes are based on natu

Jen&klsgorithm (Deept hThiasndalCGgaonreisthhm 2i0s1 08 . co
classifying data in a choropl et h nparpegs entt y g

classes of a feature associated with specif

Jenklsgomgiememat es a series of wvalwues that b e
in the dat a, as opposed to some arbitrary
clust @draitrag vafl ues. Furt kelrassdse d gtomat htmher
categories( Manepmad MB2zxeldihe break points are
the class breaks that best group si miel ar v
cl asses. The features are divided into cleé
relatively big jEsmpge.Tmi & hel asadiaf ivad tuiesn s c
in which thelagsphiisedbhzohes eig ftihleelaghieap| a)
medi um, -hmedi valm 8T hz gthea sght er s hadewsi trhe plroewseern
LST zomeso)] dwbpbé dar ker Isdhaateisdinrgthesdtste nt
zonleNsyoni , 2017).
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2.2.8he RelationshipT between NDVI and LS

Vegetation abundance is also known to infl
process of evapotranspiration. Therefore, [
and LST becomes informative and meraenitnigd ul
UHI phenomenon iIis more pronounced (dHodhjwher

T. and TakakuGayeld, th@O®0)yegetation abundan
through the transfer ©b hamesphéeat vi aomva

NDVI can be used to investigate this relat.i
natur al cooling mechanism of vegetation mi
environments. I n HONErwi]|] |l atgpscewlth haghk |
this correlation may be i nf leuveanpcoetdr almys ps o ialt
t he e(uAnhaBreini ; Zhang, 2018)

2.2.8ULC and Urban Ther mal Environment

LULC chaerastics are known to hawkam tshea@mmd
condi(tXiommms and Crane, 2006 ; FArrr adnRaatrgd,,e P220n0a8 )
found a strong cordelatibam bédttwemah PpELCeam
areas being the war mest and vegetated and
LULC characteristics can modify ther mal C Ol
of the interr dlUdtCi oannsdh i IpSTh edavre elme e mpl oy ed
urban planning deci si(dGraqntainmed 2a0t0 7UHI mi ti g

2.3 Empirical Revi ew

Urban heat i slands (UHI s) are meteorologic
traperature in urban areas to be-uhibghmerar eam
(Andr e w, 202 easing urban temperature due

cities around t heWevrog,l, d20lekidfeaneads, AHG® a®h ia Mi n
Ci{hoan and Kuslaka,r €20 20686)o0 )y,a na n de t( ,Mabltl.s) mot ¢
in Tokyo. ATtacmg damd XwuwChleHlgs ,ma2y0 1a8d)ver sel vy
and ment al heal t h, as wel | as promote <card

They also have significant effects on energ

16



Presentl vy, mo s t cities in the world are g
Rotterdam in the Net herl ands i mpl ements th
devel opBwelnutnd, C2®@1%®»s can reduce the heat 1is
t hat provi des s hfaldoiw gpsa tammsd,e loviphaiincnhavti anadt he acc
heédtHunhammar ,Thi1%99%)an be practicall yofdone

green space in urban areas.

Many studies have | ooked at the relbaini onsh
green space with regard t(oFartnsa nc,olnPp5s;i 4 h ooun,
Di kman, Zomppsition refers to vegetation d
green space size, @as. wel h HansipatViaét damt ri
agricultural l and i-app st hef aicepedwve ouso (ubr
i ndustrialization between 2003 and 2015 ha:
(MLST) .

The devel-opjeactmudda i model I's appliedotbseval
in Phoenix, a reduction of tlawyd 1ACr umce ot &
and O0.5AC regionally can be achi evetd, aly. t h
2000) . hSeunn (a2n0dl 7 r ek thaf ethehgtedaO8spPphace i
l ost, which i ncr A@asneddA gL Sih i gkafto% e etnh el .gér een
expansion had reduced theQUhSThAWilThene thesu
indicate that changing the |l evels of greer

gener at e vari ous temperature patterns.

| n geneUHll , dashceri bed in the term odi tau r t
measurement and surface temperZatedr,8a0li Bom t h
With the devektopmeasti ngf t e ebhaosbd do gg st ismateildn

sur feacpeaa ttur e (LST) derived from thedwmat ad nf

Tan and Hbegome9ol8jfective in interpreting
relativelycosapidatadi hfoowr mati on on | andscap
2.4. Conceptual Framewor k

The theoretical framework presented the rev
the effects of optimizing the spatial | oca

17



role of identifyimgtL§atbotUsBpoesferonhes Abs:
measuri,ngcllaTsi fying LST to i deantalfyyziinngg LtS
correlation between GI and LST; to determin
UHI studies can be perifocimedi mgi higels@vebsaér
sensietg. d1L2018) and numeetr.i,ala2l0 1nMo)d. e |Fineg d( Qokbes
normally made by comparing records from me
the urban area or cuasrisn gmonvo bnigl eb emoneietno rriunrga |
center egtHi2zD®I8go I n addition, advanced comp
spati al and tempor al resolution of satellit
det ai let( 200O.®h)e. UHI phenomenon can al so be s
atmospheric simulati on.R@)l9d® mate) model s ( Di

| den
fact
such
Anhig
Aver

Lieat.

Re mo
t he
Corr
by (
chan
val u
0. P&
tech
corr

t o i

The

i nt e

tifying LST hotasipbad |toeccahniomwe usamaghi&d
ors that can asgersdi e et goivmap lnenmerrtt anar
spots and reduce the effect of UHI on
ho LST zones, the original LSTs were n
y cool /|l owo ttho Jfewme&krsy nhad tu/r il g tbha evaik s c | a
2000 8 Manepal [2i0 Emdd N3tadgmd, ,

te sensing techniqgues pgrAdwmedys 12y L&igye do ni
Ai dentifrioonanteindml ofchamges with NDVI and
el ations between NDYUS&B8d. RPMBIAB halveo bteleen
Leets. t,aalr2i0 1 8) , used statistical sanal maniad y
ging of radius temperature. And resul ts
e in the same | ocation wil!/| tend to be

2per( S@ma2ad13; Aakriti a,n d2 RRAgs, 20 1r5e g rNees
nique and obtain the correlation betwe
el ation between XD 2Z@A06) STusedngpgati
dentify the best |l espeéeconsoofoonlewngrieenmn

above mentioned measuring and model ing

grated framework that combines remote ¢
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greatly i mprove methodseabahittgn

|l ncorporated with GI S, statistical and
deci sion making to enhance green i
predicts cooling emenienfirtasstofuceuiretsi nugsi qurge
cover cl asses, l'inking cooling benef.i
formul ati on and sol ution for green [
explicitly accoubnatsse df odrt ed gcgo gopnreer haet ni soinv e

revi ewed can be summarized by table 2.
Tabb@l Thmemceptual frameworlki tdernvatl wpe dr vio

l1Extractions

of LST

Aut hor N a

Met hods

Descriptio

9 Ahmed,et al, 2015

9 Alexandra, Set al,,
2018

1 Used Integrated frame work o
Remote Sensing and GIS
Technologyand validate using
Meteorological Interpolation

fnl denti ficatid
environmental changes with
NDVI and LSTO
1 Thepotential of local climate
Hotspot zones map.

9 Dikmanet al, 2019;
Okeet al, 2017;

1 Numerical atmospheric
simulation (climate) models

9 UHI phenomenon and
Simulation of LST.

M Lietal, 2018

1 Wenget al, 2004and
Deepthi, 2010;

9 Field observationsrel Remote
Sensing datand validate using
NOAA data.

1 Remde sensingndGIS and
Jenks natural breaktassification

1 Analyze Temporal and spatial
variations of LST

1 Retrieval of LST anddentify
urban heat island=onesby
classifying LST zones into 5

fManepalli, 2011; Nyoni,
2017.

ficlassification method,
Meteorological stations Data an
Remote sensing data

fTo categorize or classify LST
zones and determine the best
arrangement of values into
different classes based on

fTHongbo Zhacet al,
2018; Sundar&. et al,
2011

1 Remote sensing , GIS and
Meteorological stations Data

1 1dentify the most UHI areas an
measurers LST effects from
thermalRS data

Correl ati

ons

bet ween NDVI
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TUSGS, 2018l estariet
al., 2018;Saraet al,
2013; Aakriti and Ram,
2015

I Belete T, 2016

{ Statistical analysis (regression
technique)

1 Using geospatial tools and
verified by field data and
regression technique

1 They concluded that, the
correlation between NDVI and
LST is negative.

{ Impact of LULC changes on
LST. And he four that, LST has
negative relationship with
vegetation covefNDVI)

3. Cooling Benefits Analysis

9 Yujia, Z. et al,2017

9 Fei Zhanget al, 2016,

1 Integrating GIS, Remote
sensing, spatial statistics and
spatial optimization.

9 RSthermal infrared data and
meteorological data

9 Identifies the best locations of
new green space and abou2TC
locally cooling benefits can be
achieved in Phoenix, Arizona.

9 Dynamics ofLST inresponse tc
LULC and Identifies cold island
area which is 13.5°C cooler than
other areafm China.

9 Chowet al, 2011;
Spronken, S. & Oke,
1998; Wang, & Yuan,
2012.

1 Majid A. et al,2019

9 Micro-climate numerical
models deal with surface energy
balance, simulating

thermodynamic processes.

1 Remotely sensed thermal
infrared data and meteorologica
data

1 Concluded that, green space c:
be 1 3°C, and sometimes eveii 5
7 °C, cooler than surrounding
built-up areas

1 Found that, for every 10%
increase in the green spaces th
LST drops by 0.4°C, anidcrease
in the distance from the park, LS
increases by @5 °C.
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CHAPTER3. MATERIALS AND METHODS

3.1 Description of the Study Area

Dire Dawa, in eastern Ethiopia, was establ
el evati mB@above seatlyevelkanb®lwdéo m5 Pdbl d(icsa pA btaabl

Etihopi a) kmndr 80t he i nternahianhatgrogidteudien @
oDANENnd 4rAsSDPeEUMNakrl yat, 2015TheShhgp QIOHLTH

of the | ocatiisons hdofiwgditaimd yf od rl ecawvs .

41°35'0"E , 41°45'0"E | 41°55'0"E , 42°5'0"E , 42°15'0"E , 42°25'0"E
z Map of Dire Dawa City Administration Z
= -
3 7
& & Ethiopian Map N
z z o
5 B 4
E S « g e
% s Y O & . A
] 7 -Z IE%T..\:“.? M@Ommlag ~/—
Z e : 5 \SNNP%&’Q B
: TG S ) o 4
o 3 : © L of B
% L) 1ol ‘\_\_i{rf-"‘\_r'
2 &
z Z
s >
g &
2 Kebele 03 & Legend
Z- Ehe ut z :l Dire-Dawa Administrations
5 e = |:| Study Area Boundary
é- § [ |Kebeles
&
J s 0 15 30
p N N .
z Z m
£ =
= (= WGS 1984 UTM Zone 37N
& & Projection: Transverse Mercator
| Linear Unit: Meter
" " " T " " Source: CSA, 2017 and Ethio GIS
41°35'0"E  41°45'0"E  41°55'0"E  42°5'0"E  42°15'0"E  42°25'0"E

Fi g u rl.éocati@.of the study area
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i Landi ze and CdmgoshitrieonDawa Administratio
Admini stration that consists odmi9niusrtbraant iaonnc
a total |l and size of 1,300 square kil omet el
for the size of the rural area, while the
areas found in(DbDhb. AdfWkik2@h®B0@rconomic s
has been more organic and denseseeun pd caatnteedr
t hroughiotuy. t he C

i iDemographic CHlBarsadt erni stthhecs2017 Census cot
Ethiopi a, Dire Dawa City Administration ha
second populated city (oUNBEbODhitapi a204a%t C&AA

i idl.i mdi ee Dawaa Chatymrshbedmsimat e (koppen cl i mat
Bshhe Tmean annual temperature of tA® Phevis
average maxi mum temperatur eACofwhi he Admi na:
ni mum temper atAlC¢ B. DsEaRPbhait 2A®ED)last t wo
average annufl themget gt wad QPienc rdeasidreg ey p@
t he

mi

cool mont hs.

The climatic condition of Dire yDawaf |Qietnyc eAdd
it

n

tloyogr B aniwhatcihoni s characterized by war
atively | ow (INWAe | .200f1 9pr eci pi tati on

r e

Dire Dawa City has two rainomeBl®apbpobh; tohApri
a big rain season that ¢seendppemtmxAdgygueyg
average annual rainf alelset havo sSlkeasommgi ®8 @di
the other hand, the regindn uindebghrioeawed wao
(D.D.E.RP.A, 2019)

i viopogr appggraphy is the study of the shap
earth and other related phenomenonnctudesi :
such as Il andforms, elevation, | Riré DawalCity e I or
has a broad fl at areaar edTihees edppviado t e3 0 m
el evmapoof thei sdiudyt @ad eiani SFi g. 3. 2
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Figure 3.2. Elevation range distribution map of study area

The sl ope was derived from a preprocesse
classification which depend on | and surfac:
was cl askcivkeepeesmjt@aswvhi ch extends from near
Steep (sdropangs) titrondrd o3 ( 3Fabl e3. 1 and Fig. 3

Ta bl kSdbdp8dassification of the study area

No . Slope ( %) Slope Catego
1 0-1 Nearly | evel
2 1-3 Very gentle sloping

3 3-8 Gensl gping

4 815 Moderately sloping

5 1830 Steep sloping

[ SouRA®@lL opasfG c,at(i Ph%9)
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Figu8®8lLoBe range distribution map of
As shown on the above figafestbhdy shoea wa
dominantly extends from nearly |-elvoend | ess
|l ess persaertpageéopfng

32.DatSabur ce

3.
Th
Op
El

s |

On
t h

2. Primary Dat a

e primary data includes satel(ITiM)e 1i9na9g ea n(
erational Land | mager/ Ther mal I nfrared (C
evation Model ( DEM) dam af ormi trha ptphien g etshod ud
ope of the area and fiel duld&tvaer eGPUSs epd.i nt

. 2. Remote Sensing Data Acquisition

e scene of Landsat 5 TM (1999) and Lands
e study area with the path of 166 and r
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earth
https:

explorer.tatutsegs . GgoM,ogUciat edsuBvey (USC

[ /11 br a. deavcegluoiprnmeedn t seetead . ios gwdhéd dat

ng i
i.n2)X he foll owing

used to calc

(tabl e 3

system. Remote sensi mages

City were shown

Tabl2: Shecification of Landsat Satelll it

Dat e Sens Pat | Ther
Band

Acqui g Band Sour

12/ 05 ™M 166 53 1t 6and 6

USGS

143/02Q0O0OLI /T 166 53 1t dand |1 & nMd]

[ SourcebSabadndSaMesta®Dbd @ati med fr¢m USGS, 2019

A .
The
1982

bands;

Landsat Thematic Mapper (TM)

Landsat Thematic Mapgerar(dT M)ousge manadr fwa

May-da@1l2 ewietalil h®emalt i c
t he

to Mapper sensor

three in visible range and fourt

t her mal infrared radiaat iean

8h8wn in t

sensitive to

i nformati onabli s

Tab3%: Landsat 5 Thematic Mapper sensor

SSaetneslc Ban Descr i(V\I</IaivcerloerReSslooai tuitRE: IC|) ?ne Sout

Ban Bl ue| 0. 405.25

Banm Greel 0. 502.86
Lands |Bars Red 0. 602.66 30 lalayUsGs
™M Bam NI R_ | 0. 707.69

Barb NI'R_| 1. 516.77

Barm( Ther n 10 .-142%. 120

Bans MI R 2.0293 30

[ Source5 Dacdsmant a@h toani mead ufarl2zh0nl VS GS
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z Legend E
=] Landsat 5T™M _1999 -:;
#| Fcc g
N ers

B Layer: s Coordinate System: WGS_UTM_Zone 37N

Layer: 4 0 1 2 4 Km Projection: Transverse_Mercator

- Layer: 3 | | | | Linear Unit: Meter
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Fi ggud3e. Lahmagfe 1999 TM of the study ¢

B. La8@peartat i onal Land | mager (OLI) and The

|l mages consist of nine spectral b-@and9, wanh
TIRS with two bahds Néwabdhiielabtd!| bsaf ul f o
aerosols studies. Anot her new band 9 is us

| aunchebdr vary akl 3.24013 ('t

Tabl#: 3.L®OLdJ aiaRRIds daens cr i pti on

Sat el . Wavel eResollRepea
Ban¢ Descrip . . Sour

sens (micro| (m) t i me
Bang Coast al 0.0314
B a n¢ Bl ue 0.0855

Land8

OI_I/TBach Green 0.B35 30 lalay USG9
B a M Red 0.0646
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Legend
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) CS: WGS_UTM_Zone 37N
- Layen: 4 0 1 2 4Km Projection: Transveorns:_Mercator
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Fi gg8b.e Lahmagfe 2019 OLI and TI RS of st

3.2.Bield Dat a

A ground trutRdaotwitvitimy twas s¢carndryi ar ea, i n
were validated. The ohsebsedepdtée€nyveblauoeé
sett laennde ndtr y r i v e rTsh eweri en i Snalfesdtantids eestl). f or 1 ma

classifidetliopreDdwereg this gr ¢ bheeado rtdriuntahti ensg fe
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sampled LU/LC cllasemst.iWei migelhdalinelcthed d GI ob:
System (GPS) ftiihnesltd umanttey was <conducted al
c ol | &ttet Raddom point, generated GPS point was collected and pictures showing

different LU/LC classewvere also captured

3.2.4. Secondary Dat a

Secondary data wused in this study compri se:
temper atin®0e9) 18868 amoat hl yi20di9nf d&lhlesel &2 eo
data was used for evalwuation and validati ol

studyGoveglee eart h, aerial pppatt@tofonDidrae aDd w
reat heesft atthuesopoo ppud | athie study area

3.2.bata Description and Source

Primary and ancillary data t hafterwesdad siorurtcte
indi catb8e&5i n t

Tabl®: S»Purce of DanaofanbdabDasesegtin th

Gl S Dat a Data Descri Data sour (

Vector (p(kebeles BoundgCSA017

Vector (I i{iRi ver and RoadCSA017

Vector (pd(Major Town Et RG10S

Raster El evati on and DEM MBOSRTM
AttrebuablRai nf all and TNati onal Metrg
Attribute|Popul ati on CSAR017

Gr owprod nt Ground otrr uLt LIFi el d survey

Satellite |1 mag
Raster 199%n BT Mt USGBE9 &@%9a019
201 ndBOatd &TI §
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3.62. Software Packages Used

Software packages used for this study were
NDVI and map preparation, ERDAS (Earth Res
2014 for Remote Sensing apptecamagesi nnof d
enhancement, preprocessing and for LU/ LC cl
and compare results with ground truth, e sy
verification. I n addition |ItosoERWAS el wagi nu
classification to compare and contrast the
Mi crosoft Power Poi nt was used to create w
graphs, manage databasleisefasnddatfagr mart esa mtl ast,

equi pment

used afbairl attleed satsu dy | d roevs i

n

softwar e

Tab3®: List of dat a, materi al s,
A. Dat a Pur pose S 0 uersc
Landaad Land use | an(thttp://earth
i mage classificati g
1 LST and NDVI (USGS)
changes.
5 Rectlf!-edTo_get updanteGoogle Earth
earth i mathis may not
.| LU/LC-locations
Geographi
3 COO?diEatidentificationandobtain From Field S
Use | oc at|groundtruth
MeteoroIoTO show tem (DireeweD City
4 |199@019 | 7 o700 O ° Pé¢Meteorol ogi c
(monthly) ' N MA.
B . Software Used
Name Ver s Pur pose
Database creation anc(
| nt egamd imannagement o
L |ArcGl s 10'3inform::StTidnm),tsp.ot ana
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http://earthexplorer.usgs.gov/

Land usevémandl assi fid
2 ' ERDAS | MA2014|radiometric correcti (

C. Equipment Used

| Y Collection of geographic coordinates of
1| Hand he| Gar B#| LU/LC location.

3.3 Met hods
Il n this studye,d ttlhhe amdét rewtkh et hree scekajreccht i waess |,

aaug sition of Landsat i magery for the year
(USGS). The reason behind that these years
dat a. The image acquired or downl oiadaegle .was

Radiometric correction was performed for adjusting the brightness value of the image, and
then the image was geometrically corrected by regmgjetion a local land use map.

Maxi mum | i kelihood algorithm watsi ouns ebde cfaaurs e
uses a probability wvalue on every pixel t C
Ssubsequentl vy, i mage was processed in ArcMap

at mosphere ( TOA) using ref vededncien rtehsec all ¢
met adata fete2adlZ&yp twerrashi on of spectral rad
Kelvin using brightness temperature (Lands
density wusing the nor mal iAneddr eadvi fvi@Rerdd2rpd, @ o n
proportion, | and surefta,c20 lednmi,s sanvd tLlyS T LwbaEs d
Landsatb5 TM wusing band 6 and Landsat8 OLI
(Artis and ChAmnrd afhia®nd |,Wwals9 82 )as sizfoneeds | by o ufsii
Nat ur ab k 8 c(lJaesnskisf)ihcoatt ppomteassn d dent i fi ed by ov

surface temperature map, vegetation index n

Proximity anaanwasl pzevashae sedoltiong extents of
range area that were influenced by a hot spc
was derived. Z o naanld srteagtriesstsiicasrs eadsn dtloay sdir>esa mw en |
corr edeattweoenn NDVI and LST. RaOnng e t eafd\j Eulsft fse r

spati al rassddtublaoddomdild ]l The data values wh
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extracted from proximity analysis were con

detedmitme ough mat hemati cal
data is summariirre efd eplso & 03 .| G w

anal ysi s. The a

Data Sources a

|
¢ \ 4

A 4
Topograph L a n d5asn&it GPS D Met eor ol og
Googl e Egs (19%2019 (192D}

| mageprPRrceessin —Y—
(Geometric and Ra Statisticsg
interpol

v

Extractio

(CIaSS|f‘caI|onV Spaprial e

A 4

NDVusing Brightn metrolog
NI R and R Temper at
* v l
Emi s s(iLvg |
NDVI > ( | Land Sur .
Temper at ulie Val i d
| v
v LST Zon
Zonal St a
\4
\ 4
Hot Spotns

Comp ar iLsSannddDovfl ’

\ 4
Proximity analys

7 (To analyze cooling extent

'

Map showing sL3Tochaattisopno and ¢

Fi g ur dechn@lagicabscheme tiie study
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3.4Land Use Land Cover (LU/LC) Extractdi
Steps vgeprtolcaet wer e f-ab bk bdveawdart ohcd masts i lf ja d

were pr eise.mtedemwdnt he detail data pr.ocess i s

LanddaMt D9 and
LandOatd / TI2RSL 9o f

4 ﬂ N\
Geometric Co

e lL N\
LU/ LC Cl asses

i

Selecting trainling atrea for gr\e\und
truthing and vilspal interpretatdi on
1 Primary data:

Crobeck usifpng
Googl e eartih

1 Field data:
Field obserjvati on
Eval uate Sig 1 Secondary data:
< flf Toposheet

o /

Classify

Cl

Eval uat e

[ Fi nal LU/I].Q?S&&OpLSB]

Figure: 3. 7. St epss d/edldvoadve dh ntdamacal d.snsaigfey.
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3.berivation of Land Surface Temperature

The activitlyanmtl exumfBatciengTcanme f adnm rLean ¢ d.aS

i's summarigeidn afsh glwdnddo3v.h8e det ai | dataipr oc
di scussedourn. chapter f
[ LandsadﬂSgS&SManHGLalt/TI2R)SLQof}
Bamd TM) and BamBd#A( TM) an

Bamdb( OLI / TI

b

[Conversiscnrr aStpeS:drr} [ NDVI ]

BandlXOLI/TIR

N

Conversion
i nto Bri t . . i
g Det er mi atloerjilculat_lon of
Temperatur of LSE egetation
Proporti n (VP)

N Estimatio}J
\L 4[ Meteorologi}cal Dat a
[Validation and C}&

Figu8e:Stps foll owed to retrieve LST

3.6 Zonal Statistics

A zone is defined as all areas in the input
summari zes the val ue oft haerr adsattears ewi t(heint htehre
and reports the results as a table and fi
prepared for the year 1999 and 2019. To exa
varies | and cl asses;ustimegg rtehseulzto nvad s sstuammasrt
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Gl S10. 3. Subsequently, summarized LU/ LC, NDV
excel . Zonal statistics as table and figur e
the correl &JViLECn NtV San L

3. 7. Speetripaoll alt i on

Spati al i nterpolation is the procedure of
at other unknown points. For instance, to
up on near by weatthesrt ugdtygt imern .eolrrmol|l prge <a | da

and see the result and compare with the LS

infrared bands.

To interpolate rainfall and temperature dat
met hhacs wused. I nverse distance weighted 1is
the sample points are weighted during inte

another with di st anc eoind étneelse Distasce Weighted isttth e un
simplest interpolation method and deterministic modBl® t er mi ni sti ¢ mode
| DW, rectangul ar, natur al nei ghbors and spi
values to estimate wunknown | ocatirmesarnea c
(Legates and Wil mont, 1990) .

Theeason DWhyi nterpol ations meéemholdDWwasnt es @a |
di fferent di stances are integrated in the
precisatg tkguimpacti of athewdi seagpcéasandnd
The output valwue for a cell using inverse
of the values used to interpol ate. Because
cannot be grbeserothbaesshéehbhngthe | owest i

ridges or valleys i f these extremes have n
i nput point on an interpolated value is 1isc
inteeggolvatue is distance eselraiad, (PBWI ip ¢
192BTherefor e, in the present study rainfall
sample points in ArcGIS 10.3 environment ar
validati on.
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CHAPTERA4. DATA ANALYSIS, RESULTS ANDDISCUSSIONS

4.1 1 ntroducti on
Landsat 5 TM and Landsat 8MOWLRAIATHI RMaYmagqa
14t h resfedtieely Thi s Remote Sensing ,DalblWdnwas U s

NDVI dweersttudy ar ea. The I mage, which was
Geol ogi cal Survey (USGS), was captured und:
of i mage capoelje (May maxi mum DemepeDatwar ei

Admi ni swarsppda orni mately 32.8AC and the minim
21. 3AC. And also the maxi mum and mi ni mum
33.1AC and 22.2AC respectively (NMA, 2019).

't should be noted that when enaidtyiiensy a@rhe a
greatest during the afternoon, at |l east dur

resul ts based on the measur ement of air t €

reach I ts greatest I nt enesti.t &0 0HAUYr.i nTgh etrred o n
sel ectSipom ngf wsre sBoend a(yMay ) i mage, which was
given that it was captured in the afternoon

The Maand'Zimage was also selected tfher etahrd yr

part of the warm season when green vegetat.

of green vegetation is paramount to a stud:
and NDVI , as NDVI i's an indichoope bDMmpdc Oenc
seasonal changes (Yuan and Bauer, 2007) . Al

chosen has to do with the fRicte thawaUHdirt ys
intensities are often strengead2t00dyr.i nfgh utsh e
which attempts to establish an undetstandi
all eviate UHI 6s thwuobgh teéadanahgbi psobet wt

values of which are | i&erl pgetasowvary bBBegonmds
meani ngf ul if the data wused to derive thes
when heat island intensity iIissmosetgxtreme
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4. 1. Data Processing

il.mage Pr epSaotceetsesiinmgaage by i ts nature have
ot herTlsherefor e, before ppoecesssingg taet idwait tai,
(Fei, Z. Prepdaéyressing includes siemptoirntg nagf,
i mage based on the boundary of Dire Dawa

radi ometercitc opaprr asnhdar pening and ot her I mage
Radiometric correction is a remesahtafi aé sna

the ground truth conditions based on the se
done were to improve Vvisible interpretabild]i
bet ween the features inetwes saledergbaoaeddds
boundary of the Dire Dawar &fi drye mMahma iesattdi artge
pr ocwGs1L,98BM Z®WMecoordinate system was folll

data in the study to maintain uniformity.

iil.magahanceimeent main purpose of I mage enhar
interpretability of i nformation in i mages
automated i mage processing techniqgues. Il ma

i magei dadrader to make more effective displa
interpretation. Nor mal | vy, i mage enhancement
di stinction bet we(eBn |fleaat, Rridhgnaimnmn tGhe K20

i ilimage Cl| asbBiigiiitcaalti omage <c¢cl assification t

represent LU/LC classes. |l mage classificat.i
pi xel s. Pi xels were grpuppdr thimsedofonpithel s
(Chen, X.TheOowdHgrs identify the number of ¢
use. With this information, the image <cl ass

n sthudiyhti spectr al band from band 1 to 5 al
to 7 Landsat8 (OLI /Tl RSe/cbaRdilPabterons ad s
using supervised classification wi t h t he
al gori RPDPASIi hm&gi ne (20sludb osnotfetnwga,rleKe ad2 807 &
the supervised <classification weassdesembapr
using training sites and trainiansgsesi tneasy rn
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match spectral cl asses, the signature homo
be varies and al so, ML C I's one of the mos
sensing, in which a pixel whitihg t@Padd és | O.
2013 and Yand, LlL.s, a2Git@m)t i stical decision me

overl|l apping signatures; pi xels are

paCappehepnpged8aakas

assigne

consi deredaasumate than

Table: 4.1. Landuse/landcover classes and description of the study area

L L . .
N o urLc Descriptions LU/ LC C
Cl ass
1 Areas covered with shrubs, bushes and small trees, with
1 |sturbs L|useful wood, mixed with some grasses and less dense than for|
i Lands with a mosaic of forests, woody plants, trees, na
2 Spar s e | yegetation, gardens, parks and wtatgd lands, agricultural land
Veget alandcrop fields.
9 Area occupied by houses buildings including road netv
3 Sett] e residential, commercial, industrial, transportation, roads, m
urban and other facilities.
Dr y WaqAreas previogly covered by natural and manmade small da
4 Body like pond and river and currently not existed or dried.
(River
9 Areas which are characterized by thin soil, sand/rocks inclu
deserts, dry Salt flats, beaches, sand dunes, exposed rocks
S |Bar e L |mines,queries and gravel pitsinaegetated area dominated
rock out crops, roads, eroded and degraded lands.
[ Dire Dawa Admini st r2a0tlipbve Counci |l and
According to Dire Dawa Administrative
typehave been grouped into four maj or
physiognomic vegetation types,
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identified by the office, t he sturdg laamp,t s

settlement, shrub | and,( Maptairwoss ,v eBy.e,t a2t0i 108n) a

The supervised classification image of eac
training area for eacthr xilmisrsg odr ddJ/dLsi Arfdd
classification &gd&Mobhainty Mwasanpe PRormhmmar & .1, arn
Sspares vegetation LU/LC types taken 11 tr a
t ypet diternai ni ng site, wher 8t mai riiomg daryead va
Areas in digital i mages were marked as si g

verification was adapted to represent LU/LC

i Wost Cl| asAsfitfeirc aatlilonc:l assi fication activity
the classification was checked. The <cl|l assi f
original data or a prior knowl edge about s
compdarwi t h cl a(sBealfated, . maph o r2t0l1ly7,) accur acy
performed by comparing the created by RS an
i nformation sources. The fieddasumravegyr oamd
evaluation the LU/LC classification accur a

was calcul ated for the years 1999 and 2019

Lards-earChver change detection was continue
was tempd. The LU/ LC change was done by
Using GI'S techniques thematic i mage was ¢
mapping LU/ LC over time began with mapping
| ooki ng btaocc kmapn ofi nle999 | magery. Post <c¢l ass
used approach for change d®&teed ettieqgh .Tp & h p2a0sle
analysis of LU/LC maps involved technical

and Ar c MapecShonfitquaerse. tThe first task was to
coverage in square kil ometers and the perc
measured against each LU/ LC <cl asses. Ther
equation segd (1dta r@gddlipre

0AOCAAERBAT LA *100.. ... ..o Ege. (1),
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vGreen I nfrastructAceoDai ag(EXx0lr2a,t otohpe: r ea s

relates to tvegehatioore whi thais well veget
infrared part of the spectrum. Green | eave:
0.7 range and about 60% in the 0.7 to 1.0 n
-1 andvil. wldl® acquired from spectral refl ect
and near infrared regions (NIR) i n the Ar

cal cul aftoer NNDhvel sensor TMONL®O9B@mmdi ©OLd & §é¢ RSGT
i's baddt e amed bandceti,sakdO0dand 4 ( Weng

$6)— . .. Ege. S (02).

Wher e, NMDWla:lii fzfeelr eODnce Veget ati ohhr dmaded xb & R:
R: is t3he red band

ProporVYegpeat ®f opor eigen aovofi om t hat hel ps i n ca
surface emiBassedtgn (tLis&E€)resul t obtained fro
of vegetation watshaeft@lrim wi®&ebgthed ulBiingn 3 (

06 2Eq(a)

Wher e, PV i se peatodividinamomn NDVwnmmead fd er ence

vegetrmdevomi mumaxinmum vatl ueelryspe

vi DeriofatLiaood Surface Temperature

Radi ometri tR&biramettriiom correction requires
digital number to spectral radiance values
correct erroirtsgl crommkeernt i h@N)Xiwgwal ues to radi

categorized as a(Prnat ameArirt9edxrection

Conversion at Senslor rSapdeicameatlr i Rea dciaalnicber at i o
were repr@sentee@embtye sensing raw data and
changed inthdiahsel uatuwwas TUbedetioapieomn od m
at sensor spectral radi aiBel ezCsaXTel | it e da
Lee= ( LeniamxioY ( Qc al maxi Qc a-Qmia h mL ma:h.@©c.&lg.) . ( 4

wherelSpectr al radi ance at sensors aperture
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ground area enclosed iswatvled emigx ¢le ¢ @amnide.r & ff e |
Lmieeand bm@ectr al adhancsee nmiomri mum and maxi mum
Qcal mi @c aalnnda 5 p e cQciaviemliyn. and Qcal maaxiamem mi n
Quantized Cali.Qrcat ed QRiaxe¢li zeadl Cas i brati on F

Conversion of Radi ance iTrhtea mBt i g mtfmeags s dTedr
converted from at motsop hefrfeecteifieecdamser (hr i
(TB) wusing ther mal const dahaso,prWyviared O0ke,t |
Remote sensinggdaya (hendtaht bamd hemati ¢ s ma
anddanéahRlabhdd of Owdr/erflRSend a sensor spectral

at sensor Dbrightness auvernepeirsattulree.r 8Bdii agrhd en ets
from the top of earda(hs paetcnamsagh erracul.i a8 Boa scqaivad ri
usé¢tliandsat Project. Science Office, 2001)

"4 ————— 1 27 3. 15, . ..Eq.) .(.5
Wher e; TB: effective at satellite brightne
constant, Ln: natur al | dgapechmaKlr acsabanbe

aperture.

Generally, to calculate LST for the sensor
performed from effective at d antsatd has ive t e mp
thermal bands (band 10 and band afhyl landsat5 TM has onkermal band (band 6)

Table 4.2 and table 4.3 shows the calibration constant used during performing the formula

for brightness temperature.

Tabl2: Ther mal Band Calibration Constant

Satellite | Sensors Categories
Band 6
K1 607.76
K2 1260.56
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Radiance _maximum_band 15.153
Radiance minimum_band 1.238

o Quantize cal_max 255

©

3= Quantize cal _min 1

c

« Map_projection "UT™m"
Ellipsoid "WGS84"
Utm_zone 38
Grid cell size reflective 30

[ Source5 Man®ddaband&SGROEmM

Tabl2: Ther mal Band Calibration Constant

Satelite Sensors Categories Band 10 Band 11

K1 777.8853 480.8883
K2 1321.0789 1201.1442

© 0 Radiance_maximum 22.0018 22.0018

g o — —

° adiance_minimum 0.10033 0.10033

C —

« 6' Quantize_cal_max 65535 65535
Quantize_cal_min 1 1
Resolution 100 * (30) 100 * (30)

[Source:-8Ldatd®@ktaan & GBOJQ @

Land Surface EbBmssswvviyy (LSEa:ratio which <c
remittance of a surface to tHatrtofs andl L£akh
1982)Land surface emissivity is amuirmpoet a

temperature as the emissivity of a surface

t hat it emi ts. Land surface emi ssi vity S
chemical composi tion, roughnessemasdi mot gt o
surface can have values between 0 and 1; h

very cl oseblhel dw VWau aud ed t oS adectt. ea2ilme e mi s
LSE 0.004Pv + 0. 986t.é..6é¢é.........66......¢¢é¢c..

Where, | BB& su©rfac®Vemiss stihvei twe gagentdat i on pr opo
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Land Surface Temmer atpante a(LAT)stri bution of
extracted and quantified wusi ngl /LTalnRIS att [5e rTnh
bands of 2019. LST was derived from Landsa

and band 11 based dmMirthe famldl €Cwirm@a haquat i1’

4" .
, 34 I 8888888888888888888888888 %KX

Wher e; TB is briaihg nesse ltemmptelr ao)firse philtct/e d
(1. 43%%8a1 1K0ji s Boltzmann &08X/sk)anth (ils 3®1 Adck

(6.62°0Ts)Q0 ¢ i s tvegl2a &Qotgy i it,ihgh sur face emi

Vi.i Cooling Benefit Analysis

Proximity to Existingdg h@r evan |lemfnriausmt rPuacrtku r ew
hect ar ebbeelma constr wnmadt ebde cioorme2 a0 Or.eEQ, & &dr iean a |
with trees, grassmade sihmfubastamuctodhes. mhhme

mai nly includes green and grey spaces, wher

The purpose of i1 dentifying tthec oeoxiisntgi nbge n&lf
i mportant indication for proposing t he gr
| ocations. Therefore, evaluating thet@roxi:i
predict the direct c odlei npgotkeernn e failt sgrfereaam i o

identified hotspot area.

Determination of the buffer interval I's ad
the mini mum (nPauprpyiamngd auni tand. WAtd ytakendsd @olr € @ d
100, 000 even though the buffer display res
scale used refers to the scale used to map
mini mum mapping unit to do isattiOamm mwéds aclhuti
band 10 and, 1%8p thathe&ODdaerdudsteedr.val for LST

Al t hough LST is routinely derived by satel
no space borne sensor capabl e ofheprowatdii a
resolutdonnnaedan st)udiland(slaotc as$ ersiceasl eo f
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OLI/ TIRS data at a resolution between 60m e
8 that measures radiation i nOtmwe ptaherarhalr elsa
(Roy; Becker F.& Anderson, 2014)

Mill ennimmsPamdl area wadheselbodti eadetbenteh alyp
green infrhetracdetra&i |l ed studgr emfnrtahet rgu atdu
and its surface bemperatzome, otfhet h200Mm | | en
Firstly, the area was delineated at 500m

which the first ring had a 1a0r0dn fdii sd lalny,e Lf!
|l and covers types ofenetaicrhe ssetcutdiyo mahraesar wnselrlet
obtained from this analysis wil/ be used t
for optimizing thei mfgrdatriualt urecami omdenadf fgre

Mat hemaptcmizati on model was structured to
greiemfrastrunt oree( Gt realize the greates
taken from modelelofe,(Cha74h amd &les® from (
Ki m, 2010) in a number of ways espéicially
account s for direct cooling benefits. The
characterized mathem@each| | hot Epmt alegpme sznl
the temperatur e r &d Uhe toologhbeneft s focatioh éependent, i t i
affected by the surrounding land cover as well (Chetreg.,2015).Gi ven t he tempe
for an arrreeantasy ietxicsu s (Ti) and the anticip

t &lT@ then the direcitdecowleidn @¥bgtoad2idvsSt)o. ar

Wherbei, so00l ingTbeermpetature for an dbdiesa as
expected temperature i f area i is converted
Il n general, expectend ofempempeuantuli e o uamn
exi sT)ingnd | and use | and cover <cl asseis of o
is index of potential GI areas:

B 1 ificangeaerGtled .t.o . . . ... ... 9......... . .
Xi= Oot her wi se;
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Maxi EbXie. . .. .. ... .. ;o v i v e v v v v v v .. ... .Eg.)(10. ..
The objEgt)ifceltf maxi mi ze the tot al sum of ¢
Object epecilfli es t hat p areas are to be C
predetermined base on the Jolelndag&.s,oc2 @l 4;d
DDCA, .20BWwbt) in this study, the i1 dentified h

4. Qata AmalBegesubts

4 . 2 ahlUls e / LCaorvdenalysis

Based on the |l and use/land cover <class typ
five magsosescwere classified for both study
was intended to produce | and use | and cover
surface temperature change. Land use | and
201s*udy years with fi wettlemeaty obarcatlegodj) es h
sparse vegetation and dry rivers were gen
algorithm was applied and t ot,alasarteaaw!|vei tdh 4i

Tablde: L-dad/ ICowvar cl asses df@dMWBD0d®d cover a

1999 20109
Are/Perce| Ar e PercerNe'[kCh
Nol Class d (k| (%) | (klinl (%) ( ki

3.26

1 |sparse V| 13.| 19.3/10. 14.6
2 Ishrub Lal 16.| 24.0 17. 25. 5 *1.08
3 Isettleme|l 15.| 21.9 109. 28.5 .52
2.22

4 Bare Lan/ 23.| 34.0 21. 30. 7
5 Dry Rivel 0.4 0.67 0.3 0.49 0-12

Tot al 6 8. 100. ) 68. 100. (
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According to table 4.UL Camd fhia@gkeigsachdds I{r ubn
| arflé5k m)Y akes t Iper tf od d eosmetitemebtsa r elaSk (h a n d

spar se vidglemhmdgthieom e@st share of LULC categol
aref. Kb

25

N
o

=
[6)]

m1999

Area (km?)
o

m 2019

(631
!

o
I

Sparse  Shrub Land Settlements Bare Land Dry River
Vegetation LU/LC

FigurkeandlLdlsCcover Cl ak%@a®2ad@u9ing

In 2019 or after 20 years, 21 k®E9%tnat dlo! d roavae
settlementg1 9 .k 6} . Shrub | and area had 4dl7skéhlgr own
and dr y.BMJyTehresr e(f otrte , y aaar sbot he domi nant <c¢l a
| and. Howev egsetflements@? 0elxX einntcdodaf € 8 . Byo) from 1
than shrub | and WhidBb2%.i3%9%0Orerehesedt bgr han
table 4.4 and ftihgautr,e t4h.el |aelassot ddeopmicntasnt t yp

25

20
—~15 - = 1999
£
= 10 m 2019
g
<

® Net changing

Spar
Vegetation

Shrub LandSettlementsBare Land Dry River

M o o

LU/LC

Figurkand. lBdse LRham"g&€ovaeuriChg 1999 and 2019
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LU/ LC changes of 20 years were calcul ated
rate of changeiarehtdygnvdadblend . B and figur
years there has been a radi calsettlemedd eame i n

15kh(21.9941tk6hd28 990 whi ch i s|(abmocuteas.ed2 ky ¢
area and ¢ idlldoavdetdd KBHE2 4 %) 21t 70k6h12 5 999 whi ch i s
about Jli08kmased by 1.57 %)

| n congettleameya ndo shrub | and, bare | and has st
areal eX2BekdftI3 4. 9pImi n 2D8HY 80. 79%). iThhu2s0,1 a t
area2.®ffhas been converted in to other LU
vegetation has beeni3 &3hHlaxdyA7y i e dUDOKOR7 t or o m
14993 in 2019 @&hkkdh Cdosn seijakelstplay,se dveagetat e

were converted i settlementas leraub Elvemdst hamnmg h i1t
comparison with sparse vegetation, dry riv

O.kKMBO.%)7 in AW9WO .t%)9 in 2019 wilOt.KePa t ot al ar

Settlementsar ea s hows rapid expansion than othe
expansion of settlement is due to high popi
accompanied wit h( NMonhfamr,maNMn ,saeef d,| Rarleind )

Il n the first census 1984, the total popul &
census 19914, It was grown to 173,000 and al
the third census the popul aiom rROmber Twa:
popul ation of the City in 2019 wabBi r3e9 1D avwa

Finance Economy Devel opment Bureau, 2019)

Therefore, population size haeve dwent d ntchree a
of Di r e Dsattlement&irteya, has been consi demnaldly g

sparse Wagelbhaemdc setilementst reaa .i n t o

Shrub Iwansd tareeasecond LULC cl| ass setttemdntss hows

a ea. With regard to shrub | and, for the |
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Particularly, alien plant species named Pr
Prosopis juliflora is a per maneenvte rdrgyr el eann da
drought resistant pl ant of desert and semi
Et hiopia especial(lTyesisremBi,re0D2wan@GietZye nt g,
expansion of Proisopalsarfjmilndg | @AFAO fsgp2edclibeys n at
According to Dire Dawa City municipal of fi
include Prosopis juliflora, Tamari x aphyl|l
Baltaens aegyptica, Dodonaea, Acacia species,
(Pansi , o. , 2013 BARmamYahgselLidef2Oilb)ed tr ec
i's the most common and sapedbVanbhbya®rogopr s
characteristic of wvigorous growt h, whi ch h
species to cover huge areas of Il and in a re

41°46'0"E 41°48'0"E 41°5Q'0"E 41°52'0"E
. TL.and Use LLand Cover Map N z
£ . z
g 2
% £
S o
% 2
£ Z
= . =
§' Legend 5
g . 2

LULC_1999

|:|B0undary
z. -Settlement z
;?,_ |:|_Bare Land -g
g-DryRiver §

[ | Shrub Land WGS_1984 UTM_Zone 37N

- Sparse Veoetation 1 2 4Km Projection: Transverse Mercator

P g ‘ L | | Linear Unit: Meter
41°46'0"E 41°48'0"E 41°50'0"E 41952'0"E
Figure: 4.3. Land Use Land CoVWlOr99Maps of
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41°4G'0"E 41°48'0"E 41°5Q'0"E 41°53'0"E
- Land Use Land Cover Map N =
£ . =
a 2
4 z
2 =
5 5
2. &
Z| Legend B
L]
N
%] LuLc_2019
[ | Boundary
z I:l Bare land %
| |l oy River £
=T . [ag]
o - Sparse Vegetation 2
WGS 1984 UTM_ Zone 37N
- Settiement 0 - 2 4Km Projection: Transverse Mercator
I:l Shrub Land ‘ L | | Linear Unit: Meter
41°46'0"E 41°48'0"E 41°50'0"E 41°52'0"E

Figdrdand UsCeovieandyaps bobéeatbte ShedyeAr of

The accuracy assessment9 oafndL WOLI® froerc otrhdes d
classificat i8800%aarc@0aecyspettivel y. The ¢l as
satistics for the vyea8575%8 19@3889%%rde s201cx i weaell ye
detailed information of pr od (AcpepresnAla &y RBuser
and 4 abelle w.

Tablbe: Sati stiacfaladndroaoatd ossnessment for t

1999 2019

Produg User| Produq User

Cl ass Name Accurdg Accur| Accur{Accur
Settl ement 90.00 90.0( 100.0 93. 3.
Bare Land 90.90 90. 9(¢ 77. 78§ 87 . 5
Dry Rivers 87.50 87.5(100.0 100. 0
Shrub Land 90.00 81.8] 90.0(¢ 81. 8.
Sparse Veget at 81.82 90.0( 84.672 91. 6]
Over all Cl ass 88. 00% 90. 00 %
Overal Stdappai 0. 8575% 0. 8789%
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4. 2. Rormali zed Difference Vegetation | ndex

The wmegenh cover of Dire Dawa City is quant
i mages of 1999 and 2019. Th-& whkue pDsNDWNYV
indicates high vegetation cover and negati\
val ue of NDVI (0.1 and bel ow) correspond

Moderate values represent shrub and grass|l .
to dense vegetation (0.6 to 0.8). Bare soi
closest to O (zero) and water bod{(@&andhmhire

and Christy , 2015)

Tabl6e: Nor mali zed Differ mcléd Vegetati o

I19NDVI 20 ND VI

N o Class NMinMaxMea| STDMi f Max{Mea| STD

1 Bare Lan/012|0.2/01930. 2{0.00.720. 1 0.0

2 Settl eme|-038054/0080.4-0.]0.30.12/0.0

3 Sparse V|0.1{0.6/0.4|0.2/0.170.50.30.0

4 Shrub La|0O.0/0.50.3/0.2/0.170.40.3 0.0

5 Dry Rive|{001|0.0/0.0{0.0/0.(0.0/0.0[{0.0

Table 4.6, figures 4.5 and 4.6 reveal t hat
| owe st negaot.i 3v8e waasl uree coofr d e d . I0n. 5230 1a9,d H iogwh
wa® . 12. I n compari son ©WoyeachhaowddnG d woleveessst im
val ue of. ON®@VI owed t by me nlt a t0a MBA 9 8Amdispaesé s o
vegetationr ecor ded hi ghest O.KDWI | oeswu ladd®.B3u e | o f
2019, the NDVI mean valué38ahdsparmskh Vagdt a
| east NDVI mean val ue 0083asndr &a0.iRdesphctivdly.r dr y
The negative NDVI value which is recorded at settlement areshasvs the existing

artificial water (swimming pool) around built up area and recreational places in the City.
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4. 2An3a.l ysasiaf 8Bpttern of LST in the Study
The spatial di stribution of LST of the st
Landsat5 TM of 1999 and Landsat 8 of 2019
such images indicatedlot9n9atr atnigedBICIIM@NE|l ue o
anrdange @.66ArCo36.8AC in 2019.

Tabl?2: LAnd Surface DPOmPer atures of

1998T (AC 201L8T (AC)
No| Cl ass Mi n Max Mea| STD Mi nfMaxMea| STD
1 Bare Lan2#4933./28./0.12/28.]36./32.]0.3
2 Settlemg21.|31./26./0.0/23.]33./28.]0.9
3 |Sparse 19./27.{23./0.0/21.|27.]1]24.| 0. 6
4 Shrub L3§g16.(29./22.|/]0.0[{20.]|27.[/23.]0. 8
5 Dry Rivg25.|36628.40.8/26.|34./30.|0.3

Tab4d®eshows the estimated val ue InnX999ftheve ma
maximum temperature was record83.0AA C wi t h mi ni mum temper 8
161AC. On the other hand, eom eXOI38KEC hwearsti i g h
the | owest t2066hb@.r aThie ree fwarse , the average L
t wo observation y28A€ 28. @/ CAcnccorredaisneg biye, om n 1
landar ea exhi bit the high288ACL®ITt hasai Btgamdan
o f0.211. Dry rivers and settlemert as al so exhi bited high LST
2848AC aeBAC espectively.

On t he ospansevegewtiomred shrub | and show | ower LS
of 23. P9ABCawdth a st ahod4amado7tl esipattindg R 64 ,
the estimated |lahdAdT evwalexe eefdsbatder LULC cl a:
3225AC and st and®@37®ettiéreentncDryrivema rcefa has al so ex
hi gh LST val ue28ia@i aQdMb avi thf st and8lradd devi a
0.3dr espectivel y. sparse vehetatiom anth grub IEdmadvs t he | ov
LST value havi2aghA neagpth Calwuehost andarnmd devi g
088respectivel y.
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FigurRecHUadsSiTf mags of the study area

Figure: 4.8 Reclassified.ST maps of the study areglslay, 2019
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