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SEHRIN GENISLEMESININ ARAZi YUZEY ISISI UZERINDEK i
ETKILERININ COGRAFI BiLGi SISTEMLER i VE UZAKTAN SENSOR
TEKNIKLER i iLE DEGERLENDIRILMESI: IRAK, DUHOK'TA VAKA

CALI SMASI

(YUKSEK L ISANS TEZi)

DABAN KADHIM OMAR DABBAGH
OZET

Bu argtirma Erbil Sehrindekisehrin genglemesinin tespiti ve derlendirilmesi
ile bunun 1998 ila 2011 yillar arasinda LST Uzéek etkilerinin dgerlendirilmesi igin
GIS verileri ile entegreolanLandsat-5 TM goruntirivkaydl ile tekniklerinin
kullaniimasiyla gercekidiriimistir. Calismamizin amaci Duhol§ehri ilceleri ve cevre
alanlarina uzamsal daumi degerlendirmek ve analiz etmek olup LST ilezéli farkli arazi
ortusu turleri arasindaki $kinin de aratiriimasini icermektedir. Bu camamiz farkli
arazi orttisu turlerinin siniflandiriimasinda vezakattsi siniflar agisindan gekliklerin
tespiti icin denetimli bir siniflandirma uygulangir. Daha sonra ¢aina sahasi igin LST
elde edilmesi icin boélinnglipencere algoritmasindan yararlangmm Sonuclar kentsel
arazi Ortust anlaminda genive hizli bir yayilmanin bu bdlgede gercakigini
gostermektedir. Bu 1998'de %5.98 iken 2011 yihrfdd7.62'ye yukselmstir. Buna
ilaveten 1998 ila 2011 yillar arasindagyo bitki ortust artn olmus bu da sirasi ile
%31.69 ve %14.54 oranlarina sahiptir. Ayrica, uzdraST da&ilimi sehir ilcelerinde gt
ve & merkezli gercekigmemitir. Sehir ¢cevresinde yeni yapilanan ilgeler eskiden kuru
bulunan ilcelere nazaran en yitksek LST dizeyintagiigs ancak her iki yillarda da en
sicak ylzeye sahip bolumlgehir dgindaki alanlarda ygunlasmistir. Ayrica aratirma
uzamsal LST daliminin ¢aitli oldugunu ve arazi ortisu siniflarinda farkhlik gostgnali
ortaya koymstur. En digik LST su ve ygun bitki ortist sinifta gorulirken su kitlesi
25°Cve 28°Csicaklikta ve gon bitki 6rtist bulunan yerlerde sirasiyla 1998 264 1
yillarinda 30°Cve 32°C olculmgtiir. Bunun aksine en yiksek LST gdr siniflar) 1998 ve
2011 yillarinda sirasiyla - 39 °Cve 42 °C ojtnu Sonug¢ olarak bu agtarma Duhok
sehrindeki su kutlesi ile wd alanlarin yuzeylerin squtulmasi ve hava sicaglnin
dUsUrdlmesi surecinde gucla bir rol oyngdhi ortaya oymsgive LST ile NDVI arasindaki
korelasyon analizlerinden bu acik¢a gorigtiiti ve bu da her iki yillarda da gicli negatif
bir ortalama ortaya koyngtur. Ozellikle sirasi ile 1998 ve 2011 vyillarinda beser -
0.86ve -0.820Imgtur.

Sonu¢ olarak uzak sensor cihazlarinin kullanimiseauclarin GIS verileri ve
teknikleri ile entegre edilmesi gglirme surecleri ve DuhoKehri icin gelecekteki yerel ve
bdlgesel planlama acisindan faydal bir etkiagan en efektif ara¢ olgu bulunmuytur.

Anahtar kelimeler: Arazi kullanimi/arazi 6rtlist, LST, Termaldak, Landsat, GIS, RS.
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ASSESSING THE IMPACT OF URBAN EXPANSION ON LAND SURFACE
TEMPERATURE USING GEOGRAPHICAL INFORMATION SYSTEMS AND
REMOTE SENSING TECHNIQUES: A CASE STUDY OF DUHOK-IR AQ
(M.Sc. THESIS)

DABAN KADHIM OMAR DABBAGH
ABSTRACT

This research is an investigation using Landsakimagery data integrated with
GIS data and techniques in order to detect anduateathe urban expansion of Erbil City,
and its impact on LST between the years 1998 arid.Z0he purpose of this study is to
evaluate and analyze the spatial distribution of Ibdsed on the Duhok City districts and
surrounding areas, involving an investigation & talationship between LST and different
land cover types. In this study a supervised diaasion was used to classify different
land cover types, and to detect any changes instafthe land cover classes. Then, a
Radiative Transfer Equation (RTE) was utilizeddtrieve LST for the study area.

The results indicate that a vast and fast expansagntaken place in this area in
terms of urban land cover. This increased fron8%dn 1998 to 17.62% in 2011. In
addition, dense vegetation decreased noticeablydeet the years 1998 and 2011, which
was 31.69 % and 14.54% respectively. Furthermbeeresults of the spatial distribution
of LST regarding the city districts were non-egaall non-concentric. The newly built
districts around the city recorded the highest Lc®mpared with the older constructed
districts, hence the hottest surface places weneesdrated in areas outside the city for
both years. Furthermore, this research revealedtieaspatial distribution of LST was
various, due of the variation in land cover clas#esthe lowest LST was recorded in the
water and dense vegetation class, when the watty s 25°C and 28°C and dense
vegetation was 30°C and 32°C in 1998 and 2011 cagely. In contrast, the highest LST
was recorded in (Other classes) - 39 °C and 44rP@998 and 2011 respectively. As a
result, this research determined that the watey laodl green areas in Duhok City have a
powerful role to play in the process of coolingfaoes and lowering air temperatures, as is
clearly shown from the results of the correlatioralgsis between LST and NDVI, which
revealed a strong negative average for both y&mecifically this was -0.86 and -0.82 for
1998 and 2011 respectively.

In conclusion, the utilization of remote sensingides and integrating the results
with GIS data and techniques was found to be thst mibective tool in terms of having a
utilitarian impact on development processes andllaad regional planning for Duhok
City in the future.

Key words: Land use/land cover, LST, Thermal band, Landsig, &S.
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1. INTRODUCTION

Urban expansion has recently become a “hot topisiclv has attracted a great
deal of attention in the academic and scientificrldkoAccording to the Cambridge
Dictionary, the words “expansion” or “sprawl” metm“...cover a large area of land with
buildings which have been added at different timehat it looks untidy”. Moreover, the
expansion of urban areas is commonly recognized asy of creating an unacceptable
environment in terms of air quality and lack of urat resource management. This is
because urban sprawl changes natural land covemiain-made land cover in order to
serve human needs. This also involves convertiagl@dand into built-up land (Mallickt
al., 2008). In other words, the process of urbarmatirings variations in the physical
characteristics of ground surface components hketlhermal capacity of the land surface,
surface albedo and the amount of moisture in thle Bbis brings about changes in the
natural environment in urban and surrounding sulmurlareas. Thus, urbanization
interferes negatively with the natural environmant has a direct or indirect impact on
human mortality, human health and activities, amdtiee quality of life in the urban
environment (Bhatta, 2010; Gartland, 2008; Saléi 12

Urban environment mainly under impact of urbanmatas a result of population
spread, and changes in the physical properties cramical concentration of the
atmosphere by the uses of human in urban area.cimalative effect of all these is
referred to as urban heat island effects, simplindd as a man-made area which is clearly
warmer than the surrounding countryside. It is Uguaeasured by the term ‘urban heat
island intensity’, which is defined as the diffecenbetween the maximum urban
temperature and the background rural temperatuke, (f®88). This phenomenon was first
investigated by Luke Howard (Mills, 2007) whoseeash on the climate of London
represented the beginning of the field in the 180&eat island exists because the land
surface in urban areas absorbs heat from the yasfedources such as from the sun and
from the other man made materials like factors &odon. This is coupled with
concentrated energy consumption and less ventilahan in rural areas. As a result, a
‘warm island’ is formed in a ‘cool sea’. The diféerce in temperature is commonly bigger
at night comparing with the day time, stronger witkak winds and most noticeable

during summer and winter.



In general there are two kinds of heat islandAtthospheric Urban Heat Island —
forms in the air and is measured by weather stataord mobile transverses. (2) Surface
Urban Heat Island - forms at the surface and issorea by remote sensing. The adverse
effects of an Urban Heat Island (UHI) are significalt deteriorates the quality of the
living environment around us, rises of energy comstion, raises emissions of air
pollutants and greenhouse gases, impairs wateityjuahd even increases mortality rates
(Akbari et al., 2008; Rizwan et al., 2008). Dueativerse environmental and economic
impacts on society, heat island determination aitchation research increasingly draws
the attention of urban climate researchers andheegs. The assessment of UHIs varies in
terms of research approaches and applied measuremamiques (Arnfield, 2003;
Grimmond, 2005; Rizwan et al., 2008). The typebuft-up areas and building materials
used differ significantly in terms of thermal angdtioal properties. Thus, this study is
mainly focused on the impact of built-up types ddl&/by investigating the distribution of
urban land surface temperatures across built-uptsitie types in a city.

It appears from the definition of UHIs and the &ast which lead to UHIs
emerging, that the land surface temperature (LSE the distinctive characteristic of
participating in the process of creating UHIs. Asogt and Oke (2003) state “LST
modulates the air temperature of the lowest tygagtman atmosphere”. Thus, LST plays
an important role in studies of UHIs and environtaérchanges. LST has an obvious
impact on certain atmospheric and environmentaleisssuch as the process of upward
terrestrial radiation and control of the sensibleface and latent heat flux exchanges
within the atmosphere (Prigedtal., 2003). Therefore, LST is an essential key véeiai
studies of regional and global climate change,iarestimating the surface energy balance
(Jin and Dickinson, 1999; Oluessi al., 2011; Sun and Pinker, 2003). In addition, LST
plays an important role in the physics of land-acef processes. It is a significant means of
obtaining information about the physical properiéslifferent land surface types. So, as
Kerr et al. (2005) and Wan and Dozier (1996) emphasize, #temation of LST is
necessary for a variety of climatic, geologicaldiofogical, vegetation monitoring, and
global circulation models (GCM), including GCM siesl and applications. In fact,
researchers studying the retrieval or estimatiorL,®T are currently in the process of
exploring and measuring how hot to the touch lamdlase can become. Many years ago,
LST was identified as a type of air surface temjpeeawhich can usually be measured by

local meteorological stations. However, LST is Hgtadifferent from air surface



temperature. For instance, the process of heatidgcaoling a land surface happens more
quickly than the same processes with regard teuaface temperature. Thus, LST refers to
the land’s surface skin temperature. As a redudt process of heating the land surface is a
complex one which has a strong relationship witteofactors such as surface emissivity,

the moisture of the soil, roughness and solar tiadia

For all of these reasons, many national and intenmal organizations associated
with a number of scientific sectors have nowadagguin to pay attention to the urgent
need for collecting and monitoring information ab&$T at national and international
levels. For instance, the Intergovernmental PandTlomate Change (IPCC, 2001) referred
to the urgent need to use remote sensing datamstef LST for studying global warming
due to the limitations of the World Metrological ganization which prevent it from

carrying out such sensing.

Remotely sensed thermal infrared (TIR) data haverimuted to addressing the
problem caused by UHIs through the estimation of L& number of satellite and airborne
sensors, such as Landsat TM/ETM+, AVHRR, MODIS, E&Tand TIMS have provided
thermal infrared (TIR) data of the Earth’s surfathese TIR data have been widely used
to retrieve LST. In addition to LST, these TIR samssmay also be used to get emissivity
for various land cover types with (Mitraket al., 2012). LST is a main factor in
determining surface radiation and energy exchaipe. spatial distribution of LST is
governed by surface heat fluxes that are cleaflyctdd by urbanization (Qin, Li, Gao &
Zhang, 2006; Sun & Yu, 2013).

For this reason, an LST-related study was condueigarding urban expansion in
the city of Duhok in the north of Iragq. This wasreed out because the rapid and vast
expansion of Duhok had been well documented inlitteature and other non-scientific
sources. However, the impact of urban expansiorL®h has remained a largely un-
researched area, especially with the use of resestsing and techniques. Also, in the two
last decades, this region and the city in particilave faced serious environmental
problems such as drought, desertification and rexusand storms during the hot months

of the year.

Thus, this study represents important researchhémthad a utilitarian impact on
development processes and on local and regionahiplg with regard to Duhok City.

Using new techniques such as remote sensing,vierig important to detect and monitor



environmental changes, which can help to speecdegjsion processes about the problems
which the human environment may face in terms bhaorareas. Such research may also
help to understand the reasons for the changedvet/oln addition, it is a way to help
public and urban planners understand the charattsriof the distribution of LST, and

may help to find ways of improving situations iniaihLST poses a problem.



2.LITERATURE REVIEW

According to some studies, which have used saeliermal bands to retrieve
land surface temperatures (LST) related to urbemateés. A Landsat thermal band is one
of the most widely-used means of collecting datahiis field. For this reason, in this
section of the literature review, we will attemptreview only the most relevant work in

the sense of ones that have used Landsat imagestrieve LST.

It appears from the reviewed studies that a largaber of these studies focused
on the association between different the covernéliclasses and LST. It was due to the
different thermal characteristics of the differdand covers surveyed, in that they
produced differences in terms of LST. For instartdenjo et al. (2004) focused on the
impact of green spaces on LST in the case of Tokgpan. The traditional classification
method with Landsat-5 TM and ETM+7 was used to tifleand recognize different land
covers within the study area. They used shape, ammkareas of green space as criteria for
evaluating the role of green areas with regard30.LTherefore, this study found that the
shape and size of green areas in Tokyo had a isigmifrole in reducing overall LST .A
similar study was done by Rajeshware and Mani (R0 used Landsat-8 thermal bands
to evaluate the impact of vegetation on the LSTthef Dindigul District, Tamil Nadu,
India. In this study, a split window algorithm wased to retrieve LST. For this purpose,
they used NDVI to estimate emissivity over the gtadea. As in the previous study, the
outcome revealed that the highest LST was found baeen land, and the lowest LST

was noted over vegetated land cover.

Kwarteng and Small (2005) compared two citieswo different geographical
locations. The first was Kuwait City, located iretiArabian desert area, and the second
was New York City. They used Landsat ETM+ and thtelite brightness temperature
equation to retrieve LST. The results underlinesady that, in Kuwait City, LST was
lower than in the surrounding desert areas owingh&lack of significant amounts of
vegetation in the surrounding areas. Consequeatipost all the land cover in the
surrounding areas delivered higher solar radiatiam in the urban setting due to the lack
of a process of evaporation which leads to chantiiegheat to humidity. In contrast, in
New York City, the LST was higher in built-up arghan in surrounding areas as a result
of the density of the vegetation which circled tmgy, and which played a part in cooling

the air through the process of evaporating theivedesolar radiation. In other words, this



study's results showed that geographical conditiehs the process of recording low LST
in cities areas rather than in surrounding ones. ikstance, because Kuwait City is
situated in a dry and desert area, LST was lowsidénthe city than in the surrounding

areas.

A similar study has been done by Fetyal. (2005). They selected two coastal
cities in the United Arab Emirates (Dubai and Ablbabi). Both cities are located in a dry
desert environment. In general, the main aim of thvestigation was to investigate the
role of urban areas in a dry environment in tergroducing a Urban Cool Island (UCI).
The results clearly indicate that both cities piatlia dailyUCI due to the albedo around
each city with regard to dry land, which was high®an in the urban areas. This led to

high surface temperatures in the former.

Habib (2007) used Landsat-5 TM to retrieve LSThe Saudi Arabian city of
Dammam. The results of this study produced twoiggmt points. Firstly, it was found
that well-planned urban areas led to LST beingrofletl and reduced. For example, as
widely documented in the literature, the CentrakiBass District (CBD), which was the
core of the city, was supposed to have a high LEiwever, Damma’s CBD recorded a
lower LST than the surrounding districts as a testihaving a large amount of greenery
which helped to decrease LST compared to othes qdrthe city. This study's second
point recommended encouraging people to continummstruct buildings in the desert at

the same time as using sufficient amounts of gepace to decrease LST.

Furthermore, the role of evaporation in the proa#sthe spatial distribution of
LST has been studied. This was done by Ahreed. (20(®b) in the Gezira region of
Sudan's desert. They used the SEBAL algorithm ltulzie evaporation. This study found
that evaporation was an important parameter inaieduLST in this area. The following
results supported this point. In 2001, the ratiewdporation was 4.36% over the vegetated
areas, with a 300.7 K degree of LST. However, andoaland, in the same year, the LST
was 313.6 K with a 0.0 ratio of evaporation. Thadhan obvious impact in terms of
vegetation reducing LST by producing evaporation.addition, Bounouat al. (2009)
used Landsat ETM+ data to identify the impact off Lé&h the dynamics of cycling water,
and the balance of carbon and surface energy isdim-arid region of the urbanized area
of Oran City in Algeria. The results demonstrated thatas possible for an urban area to
play a positive role in decreasing LST in arid asmii-arid areas. As revealed by this

study, the urban expansion of Oran City had a vilsglact in terms of producing an island
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of heat in this region. In addition, the resultewhd that the dynamics of these indicators
were affected greatly by the kind of covering afidaand the identified vegetation. The
most significant indicator was the reduction of L&fAd carbon uptake. As a result, this
study recommended the continuing process of cortstgubuildings in this region, along
with planting and growing trees, which were quitaportant in reducing LST and
providing a better environment for the people lgvin this city

Zhang and Ban (2011) used Landsat TM to studyirRgs LST. They attempted
to investigate the impact of urban expansion on b®&fween the years 2004 and 20009.
NDVI was used as a parameter to extract surfacesaity. They found a non-equal and
non-concentric spatial pattern distribution of L&Tong the city districts. In other words,
LST in Beijing's city varied between districts, @nsome recorded high LST and others
recorded low LST. However, all of these districterav inside the city and not in the
suburban areas. These obvious differences betwerdistricts were related to green
spaces and thermal characteristics. In additias, dtudy employed a correlation analysis
between NDVI and LST, for the years 2004 and 20D®e results were a negative
correlation of -0.751 and -0.732, respectively. i&ry, Salah (2011) studied Baghdad,
the capital city of Iraq. He focused on the impaidhe expansion of Baghdad City on LST
between the years 1961 and 2001. A traditionalstflaation method was used based on
high resolution IKONOS data. The study area dividet seven different classesA
traditional simple equation was used to converelb& digital numbers to satellite
brightness temperatures. This study pointed out tha LST increased between the
identified years due to the alteration of vegetatiand cover relate to man-made land
cover. For example, in the orchard area, the LS amout 33.37°C. However, on barren
lands and built up areas, it was about 46.97°CA8malL°C respectively. Consequently, this
study revealed that the expansion of Baghdad Gitysed a reduction in vegetation cover

and caused LST to increase, especially in thosesavbich had no vegetation.

Likewise, in the Indian city of Vijayawada, Kumarad. (2012) studied the impact
of different land cover types on LST. Landsat ETias used as the primary data, and the
researchers used satellite brightness temperatetesved from the thermal band. In
addition, NDVI was used for two purposes: firstiy,identify the impact of vegetation on
LST; and secondly, to retrieve land surface emigshased on NDVI values. The results
demonstrated that the correlation between NDVIa®@ was about (-0.79). Furthermore,

with regard to this study’s results, it appears tha areas of greenery had a powerful role



to play in controlling and reducing LST in that yileund the highest LST to be recorded
on built-up land (320 K) and the lowest LST recatdeareas of greenery (about 299 K).

Far from investigating and finding the relationshigtween land cover and LST,
Oluseyiet al. (2011) used Landsat data to identify the reasonsosquito infestation in
Anyigba, Nigeria. The aim of this study was to hekople in this area overcome the
problem which they faced from mosquitoes trangfigrrdisease. For this reason, two
Landsat images were used for 1995 and 2006. Inrgkrthe researchers looked for
changes in using of lands and land cover, andniigence on LST. As a result, they were
able to identify the hottest places in the city amethte this information to mosquito
infestation. The results demonstrated that chang®wvering of land and land use induced
changes in LST and, as a result, those areasdbattded high LST on built-up land were
infested with mosquitoes. Clearly, the opposite w@sn with low LST in the bodies of

land covered by greenery and water.

In addition, Oguz (2013) attempted to build a cotepbased program to
calculate LST in a simple and quick way comparethwther approaches. He prepared a
program based on C++ using a single-channel algoriio retrieve LST using Landsat
thermal bands. It's important to say that this epph is one of the most accurate methods
for calculating LST. This is due to the use of anber of variables in the process of

calculating LST.

To sum up, it can be deduced that there were somenon objectives among the
literature, which were used widely and employethmstudy of LST in urban areas. These
objectives were such as the impact of urban areakSd, the relationship of LST and
different types of land cover; and the role of wagen, and so on. In addition, a great
number of pieces of literature stated the samdtsesegarding urban areas and LST. They
found that LST was higher over urban areas thanstmeounding areas. In contrast, as
shown in the works by Ahmest al.(2005), Bounouat al. (2009),Habib (2007), Kwarten
and Small (2005) some of the literature revealedmposite result. They stated that, within
urban areas, LST was slightly lower or lower tharbwban areas owing to the
geographical and climatic condition of these aréasated in desert or semi-arid regions.
Furthermore, there was a sort of agreement achesbterature about the role of areas of
greenery in controlling and reducing LST.



Therefore, through the investigations describeddiferent milestone papers
about LST using remote sensing data and its ageddiechniques, it can be deduced that
there were some common objectives within the liteeg which were used widely and
were employed in the study of land surface tempegaising Landsat data. However, this
study clearly identified two pronounced researcbsgaithin the literature. These gaps are
() the differences within the literature were errhs of the techniques that were used for
retrieving LST. For this reason, this study hasrafited to close this gap by using the most
accurate method to calculate LST based on LandsatnTal band. The method works on
various parameters which help to calculate LSTroppr way. (ii) As stated clearly in the
literature, there was a specific thermal charastierfor each type of land cover. However,
it seems that there were almost no studies aba@uspiatial distribution of LST within
urban areas and surrounding areas. For this re#ssnstudy attempts to investigate the
spatial distribution of LST in Duhok city and garrounding area, and has concentrated on
the connection between LST and different type ofilaover, especially with regard to
vegetation and built-up land. This was done by @yiph the Radiative Transfer Equation
(RTE) with a Landsat-5 TM thermal band, as wellimtegrating with a geographical
information system (a spatial analysis tool).



3. MATERIAL AND METHODS

3.1.Study Area

The study field is located in the Duhok city centerhich is located in the
northwest of Iraq As it is shown in the figure (3.1). In addition, @khis an important
and strategic city. In the last three decades, ¢l has continuously developed
economically, and it has expanded in areas. Acogrth the land use classification data
for the years 1998 and 2011, the area of urbanizati 1998 was 22.8 square kms On the
other hand, this area increased to 50.9 square &mpercentage increase of 55.3%. This

rate is very high given the short period of time.

The city of Duhok is the field of study. It has aval shape. It is located in a
narrow valley between two parallel mountains, and tivers pass through the field of
study. One of them is called the Duhok River wiiile second is a seasonal river called the

Hishkaro River. They join together in the southwessr the Kavarki district.

The field of study is located between latitudes®(38' 19", 36° 48' 33") and
longitudes (42° 53' 12", 43° 05' 39"); at (413-10)3Above sea level. According to latest
census (2009), the total population of the studied was (308302).

Regarding the status of the climate of the fieldstofdy, its climate according to
the classification (koppen) is in the class CSA alhrecognizes with characteristics
continental semi dry and round. The system's raitem is the same system as the one

found in the Mediterranean Sea.

According to the climatic data recorded at the oitypuhok’s climate station for
the years 1998 and 2011, the average air temperatuhe field of study is 19.8°C and
21.3 °C for the years 1998 and 2011 respectiveiys hdicates that both air temperature

averages are quite close to each other.
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3.1.1.Geomorphological units

In general, Duhok city falls in the low mountainearand it's roughly (413-
1003m) above sea level. Regarding the degree ppsless of the city is between (0-43.4
degrees) .As it is shown in the Figure (3.2) ambgwaphical features of Duhok could be

divided into three main units:

3.1.1.1. Mountains

Duhok is located between two mountains. The ortle¢onorth and east-north is
called (Bekher) and the one to the south-west @&v({fa) mountain. The city and due to
these mountains has taken a linear shape and serarfeas of these two mountains fall

into the research area.

3.1.1.2. Hilly areas

This topographical region is clearly seen in themand western areas of Duhok
city. Specifically Zanko region in the west andoalhe regions (Qasara, Shandokha,
Azadi, Se Grka, Bin Tika ,Ronahi, and Peshangahaheé southern area. This unit is

different from others because of the degree ofes(8pl5 degrees).

3.1.1.3.Plains: (Flat Areas)

Plain areas are known for the low degree of slope&hvis usually less than (5
degrees). And it's located in the central and westereas of the research location,
especially in the region of (Bahdinan, Masika ReshaJaltai Sarw, Maltai Zhwrw and
Tanahi)
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3.2. Data and Materials Used in the Study

The primary data utilized in the current study awe Landsat images obtained
from the USGS Earth Explorer website, and Geo-esfeed to UTM zone 38, WGS 84.
Both images are from Landsat-5 TM; the first imagsvnloaded was taken in June 1998
and the second in June 2011. A gap of 13 yearseeetwhe images was chosen as being
sufficient to find out urban expansion and its effiten LST. In addition, secondary data

and materials used in this study are clarified étadl in Tables 3.1 and 3.2.

Table 3.1 Landsat-5 TM metadata

Satellite Landsat TM 5 Landsat TM 5

Date 1998-06-13 2011-06-17

Time 10:22:39 AM 10:34:05 AM

Image ID LT51700341998164XXX01 LT51700342011168MORO
WRS Path 170 170

Row 34 34

Projection  UTM Zone 38 UTM Zone 38

Ellipsoid WGS 84 WGS 84

Table 3.2 GIS files and secondary data used irsthidy

Description
Duhok map This is an ArcGIS shape file which camanformation about
the names of the main districts and the shape efdty
boundary.
Map of latest masterThis is in PDF file format. It describes and shaws main
plan of the city land uses in the city from now until 2032.
Map of major cities in This is an ArcGIS shape file. It contains inforroaton the
Iraq Irag boundary, the main cities and governorates.
Duhok weather stationThis is an Excel file containing climatic paramsteecorded
data from 1998 until 2011. These parameters are: hugidit

temperature, rainfall.

3.3. Software Used

ERDAS IMAGINE 2010 version 9.2 and ArcGIS 10.0 wersed to analyse the
images, and to evaluate the results and mappingrosbft Excel was used for statistical

and regression analysis purposes, and for produtiags and graphs.
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3.4. Analysing Satellite Images

Two methods were used to perform the analysisetdtellite images. In general,
the first method consisted of two different proesssThese processes are as follows:
firstly, the images were classified by using supsd classification, and NDVI values
with LST were extracted for both images. Seconthg, raster files were converted and
inputted into the GIS environment to facilitateyeaalculation and the manipulation of the
numerical results by working on attribute tableggghe ArcGIS software. Figure (3.3)

shows the general workflow involved in analysing Hatellite images.

Insert Satellite Image

\ 4

Layer Stacklng ]

Extract Thermal Subset the Study areaJ All Bands Except
Band (6) Band (6)

NDVI & Image Pre-Processing
Emissivity
Y \ 4
Retrieving LST Using Image Classification
.| Radiative Transfer Equatio
» (RTE) y
- v
Change Detection
v v p \ 4 N
NDVI Map } [ LST Map ] Classified Image
{ Results J:

Figure 3.3 General workflow of analysing sateliiteages.
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3.4.1. Layer stacking

Landsat-5 TM has 7 different bands, each of whecktored separately in a Geo
TIFF file format. Thus, combining all these bandsisingle image, permits analysis using
band combinations and enhances visual interpretafigure (3.4) shows the images after
layer stacking of all Landsat-5 TM bands (1 to Thwthe exception of band 6) has been
performed.

Landsat-5 TM
1998

Figure 3.4 Results of layer stacking process ferlthndsat images

3.4.2. Subset of the study area

Due to the large size of the original Landsat insage subset tool in ERDAS
IMAGINE was used to select only the area of interesich in this case is Duhok city.
Preparing the subset area is not a difficult tasthe context of remote sensing. However,
it is extensively recommended in the literaturet tharoperly selected subset should be
large enough to provide the context required fa #pecific analysis (Campbell and
Wynne, 2011).Therefore, the subset area selecteddsmpassed by longitudes 42° 53'
12", 43° 05' 39" and latitudes 36° 54' 19", 36° 38', which gives a total area selected of
about 20258.10 Hectares .

3.4.3. Image pre-processing

In this study, image enhancement was used as @fpidn® image pre-processing.
Lillesand et al. (2008) state: “The goal of image enhancemenb isniprove the visual
interpretability of an image by increasing the appadistinction between the features in

the scene”. As a result, tasselled cap (TC) transfton was employed as a method of
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image enhancement. TC is based on measuring tlghthess and albedo, which is
extracted from the responses of all Landsat-5 TMdbaexcept for the thermal band
(Armenakiset al., 2003). According to Gao (2009) and Tso and Ma(B609), there are
two main advantages for the analyst in employinfCatransformation. Firstly, it makes
the classification process less complex by reduthiegdimensionality of the feature space.
Secondly, it is able to represent specific concagtghe axes of the feature space
(brightness, greenness and wetness) because TTotraation is based on the rotation of
the axes, and therefore differences among the pb&tome distinguishable in the output
image (see Figure (3.5)). Thus, the use of TC toanmtion with Landsat data is strongly
advocated in the literature because of its abiiityaccount for more than 90% of the
spectral variability present in any given scenedasonstrated in work by Armenalas

al. (2003), Healeyet al. (2005), Huanget al. (2010) and Kiageet al. (2007). TC
transmutation is known as a useful tool for pregsind squeezing spectral info into a few
groups associated with the characteristics of aiphl/scene (Crist and Cicone, 1984). A
TC transformation indicator was computed from th&rmation of the six linked TM

bands. Three out of the six TC transformation banitésy used are:

Band 1 (Brightness: measure of variations in sflectance)

Band 2 (Greenness: measure of variations of vagetaigour and abundance)
Band 3 (Wetness: interpolation of soil and canowystare)

Table 3.3 Coefficients for the Tasselled Cap fuwrdi ‘brightness’, ‘greenness ‘and

‘wetness’ for Landsat-5 Thematic Mapper bands Incba

TM bands Bl B2 B3 B4 BS B7

Brightness  0.3037 0.2793 0.4343 0.5585 0.5082 3.186
Greenness  -0.2848  -0.2435 -0.5436 0.7243 0.0840 1800.

Wetness 0.1505 0.1793 0.3299 0.3406 -0.7112 -0.4572

Source: Mather (2004, p.147)
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Figure3.5 Results of TC transformation: Urban isresented in yellow, dense vegetation
is represented in sky blue, sparse vegetatiompresented in turquoise and cadet
blue, agriculture is represented in sea green an#l dlive green, water is
represented in yellow, and other land use is shasvpurple or dark red. Left

image is 1998; right image is 2011.

3.4.4. Image classification

The main aim of this classification image has teigisthe digital pixel values of
satellite images into different land cover clasg¢btather, 2004). Moreover, image
classification can be an automatic process invghassigning pixels to specific groups of
known classes based on analyst information andreatdata sources to identify each land
class (ERDAS FILE GUIDE, 2001). In this case, t@iatthe study objectives, monitored
categorization has been employed to categorize dandr classesSo, there are six types
of land cover and they are: urban, dense vegetadjmarse vegetation, agriculture, water
and other. Figure (3.6) illustrates the steps pesused classification used in this study:
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Figure 3.6 General workflow of supervised clasatiicn stages used in this study.

3.4.4.1. Selection of appropriate band combinations

The standard false colour composite was used $nstiady. This consists of bands
3 (red), 4 (near-infrared) and 2 (green). Thesallwmmbinations are the most appropriate
for use in the process of supervised classificatising Landsat-5 TM images (Lillesasd
al., 2008; Saleh, 2011). Shades of blue, dark slegg gr cyan blue refer to man-made
areas or urban areas, shades of red represent\Egetation land cover, sparse vegetation
is light green, different shades of dark greenrredeagriculture, dark blue refers to water,
and other land forms are represented between eliffeshades of dark to light brown and
alice blue (Figure 3.7).
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Figure 3.7 Band combination (4, 3, and 2).Left¥608 and right for 2011.

3.4.4.2. Collecting training data

Supervised classification is informally describesl the procedure of using
samples of recognized identity. It works basedpectral pattern recognition of each land
cover type represented by each pixel in the stahhage (Chuvieco and Huete, 2010;
Campbell and Wynne, 2011). In other words, theqrernce with regard to supervised
classification is strongly relying upon how gooe #@mnalyst is capable to model the target
class dissemination (Tso and Mather, 2009). Fos tt@ason, the collection of an
appropriate training sample is extremely significatep in the process of supervised
classification, and assembling accurate trainirtg @athe path to the success of the whole
process. Assembling the training data requiresrteffoterms of combination between of
art and science. Therefore, four different pointyavtaken during the selection process

with regard to the training sample, based on GE&®989) recommendations:

i. As mentioned earlier, the main concept of suiserV classification is to assign pixels
into different land cover classes. As a result,dhantity of pixels chosen for each class
during the training stage plays an important ral®btaining correct results. For example,
the more extensively a land cover type is distedutver the scene, the more pixels should
be selected for this class. Lillesasdal. (2008) suggested using more than 20 training
samples for each land cover class, with 40 pixdsimveach training sample. In addition,
Mather (2004) stated that if a particular classifige likely to be the most common, the
quantity or number of the pixels within the tragisample should at least 10 to 30 times
the number of features for each class. Therefdrs, dstudy attempted to follow these

criteria as much as possible in terms of collectraging samples.
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ii. It is common for the training sample to be s&del by delimiting the boundary around

the target pixels. As a result, the size of thesepdes also has a great impact on the final
result. In fact, there is no standard rule for dateing the physical size of these training

samples. However, the variation of the classes entify the size of each sample. For

example, if the study area has only one body ofwdhe sample size may cover the

whole of the body of water instead of using smadknples within the same location.

iii. The location of training samples is anothepmntant point. The analyst should collect
samples from the whole scene in order to avoidingggarticular classes or pixels relating

to a specific land cover class (Chuvieco and Hza&0).

Iv. The degree of uniformity in terms of spectratiiance has the greatest impact on the
classification results, i.e., pixels chosen forlass should ideally all exhibit a unimodal

distribution in their values in terms of the spattrand used (Gao, 2009).

However, supervised classification requires someditiatial inputs before the
application of any algorithms. These inputs mighgathered from a field where you work
on through, air photo analysis, reports, or from $tudy of appropriate maps of the area of
interest (Mather, 2004).Therefore, the image anapsuld have fundamental reference
data and a comprehensive understanding of the geloigal area (Lillesandt al., 2008).
Ancillary data are strongly recommended during c¢laessification process with regard to
urban areas, in order to enhance the contextuatpirgtation of the spectral and spatial
satellite data (Chuvieco and Huete, 2010; Mesew,0RTherefore, ancillary data from
Google Earth and maps of the Duhok city master plare used during the process of
collecting training data, together with the reshaits knowledge of the city.

The data from Landsat-5 TM have medium spectradluéisn, and because of
homogeneous pixels and the complex structures lsdrnuspectral characteristics, it is
difficult to distinguish easily between all typefsland cover within an urban area. Thus, an
accurate classification of different land coverdypepresenting urban areas is a difficult
task with regard to using Landsat imagery data ({@&h&010; Mesev, 2010). For this

reason, in order to achieve the study objectively, the required classes were identified.

The images for both 1998 and 2011 were divided sitoclasses with regard to
the main objectives of this study. These are: urlo@mse vegetation, sparse vegetation,
agriculture, water and other. Urban land includésofithe man-made types, such as

residential, industrial, institutional, transpoibat and buildings. Dense vegetation and
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sparse vegetation are characterized as those viegesaeas where the land is dominated
by grasses rather than large shrubs or trees, sihdese vegetation can vary in height from
very short to quite tall. However, based on NDViues, we divided the vegetation classes
into two classes - dense and sparse - based ovathes of NDVI with less than 0.100
representing sparse vegetation, and values upl@OQepresenting dense vegetation. In
this stud agricultural land defined as the shar¢hefland area that is arable (farming),
therefore, the land actually under annually-re@dntrops in any given year. In other
words, the land is replanted annually. In addit@mwyater body in this study identified as
any significant accumulation of water In generiagé tnajority of geographical features are
happening naturally, but some have been man-maa (W/iley & Sons in 2007). Other
class represents barren land and unclassified.a8Beasen land is defined by Andersein

al. (1976) as: “...land of limited ability to supporfel and in which less than one-third of

the area has vegetation or other cover. In genérglan area of thin soil, sand, or rocks”.

Due to the study objective of attempting to fintinkk between land cover classes
and LST, especially the selected classes in odlysand LST, training data were collected
based on the criteria noted above, together witkreal data sources and the analyst's
experience of the study area. The reason for Wisialin into the above-mentioned classes
Is to facilitate the study’s objective, which is show the impact of urban expansion on
LST, and the relationship between different landecs and LST.

3.4.4.3. Selection of appropriate classifier type

There are three main classifier methods: paralfggy minimum distance and
maximum likelihood classifiers. As Gao (2009) says;all of these classifiers have
advantages and limitations, but the last two aeentiost widely used with Landsat data”.
In this research, the classifier maximum likelihdoas been used. Tso, has defined The
techniques of the maximum likelihood classifier ‘@he probability of a pixel belonging
to each of a predefined set of classes is calaibatd the pixel is then assigned to the class
for which the probability is the highest” (Tso aMi@ther, 2009).

3.4.4.4. Recoding class values

The purpose of using recoding in our study is tocalte another class number for
the all classes or one class of a presenting iilegfdrmat. According to our classification
of classes, the recode process resulted in creatingutput file using the new class

numbers. In general, the aim of using the recognogess could be summarize in the three
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following aspects: in order to decrease the clasgesintegrate the classes, and to
determine a new class values for the presentirgsefautilizing ratio, ordinal or interval
class numbering system is allow the recoding tadoeuct for determine classes for the
suitable values. Recoding is usually carry outsiamplifying the following steps. In order
to make later steps easier. In this study it igiusefacilitate the procedure of finding out
the LST for each class.

3.4.4.5. Estimation of classification accuracy

The aim of collecting training data sets is to @eerthe classification process as
required by the analyst. However, it is significhete to guarantee that the training data
are sufficient, and that there are no unrepreseatgixels included in the training data
sets (Tso and Mather, 2009).Therefore, the procestassification is not complete until
its accuracy has been assessed. In the other wamdsracy assessment establishes how
good the analyst's classification of the imagd.ibesandet al., 2008). Thus; “...accuracy
is a working sense, as the degree (often as armeg® of correspondence between
observation and reality” (Levin, 1999). In generatcessing the accuracy of remote
sensing images can be done by two methods, indfma bf positional and thematic
assessment (Congalton and Green, 2009). With poaltaccuracy assessment, the analyst
only deals with the spatial distribution of the tiga@s on the map and on the ground in
order to find out to what extent the features asgriduted in a real scene. However, with
thematic assessment, the analyst deals with ttedslalp attributes of the features of a map,
and measures whether or not the mapped featuretassified image labels are likely
given the true feature label. In this case, thetrmosimon and widely used method is error
matrix (confusion matrix). Error matrix works byamsing a group of random points in the
classified image, and comparing them with a reahedn the image. Thus, to assess the

accuracy, a total of 240 random points was coltete each image separately.

3.4.5. Change detection

Change detection is a key to change thematic datetsre information that can
lead users to a better concrete insights intactive processes relating to land cover and
land use change than the knowledge attained frartimmus change (Sing#t al., 2013).
Such an approach compares LC data to availablenmafiton for each class. In ERDAS
imagine software, we can use two tools for changeediion (the Change Detection

operation from Utilities and the Matrix operatiororh the GIS Analysis menu). In this
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research | used the second tool (the matrix) tdyaeachange detection. The change
detection technique involving supervised image sifastion with the highest overall
accuracy was used to figure out and explain thegdsin LC among two terms: 1998 and
2011. Changes in the quantitative aerial data @fotrerall land use/cover in each category
were compiled. The quantification of change for ¢agegories analyzed is shown in Table
(4.3). This reports the relative statistics, aggted for each class. The final change map is

created by clustering and labeling the changedixnelfisses.

3.5. Calculating and Retrieving Land Surface Tempeatures

As mentioned in the literature section, there aeesl methods for retrieving
land surface temperatures using thermal infraret feom remote sensing instruments.
However, the following three methods are the madely used according to the literature:
1) The single-channel method: this method is slétédr those sensors that have only one
thermal band such as Landsat TM/ETM+. 2) The twande! or split-window method:
this method is only suitable for sensors havintgast two thermal bands such as ASTER
& MODIS. 3) The temperature and Emissivity Separat{TES) method developed by
Gillespie et al. (1998). Hence, in our study the single-channethioe was applied for
retrieving land surface temperatures since the san@M/ETM+ sensor carries only one
thermal band (B6). At the core of this method &s élguation transferring thermal radiance,
which usually concentrates on converting satetligtal values to a radiometric value by
using the satellite low and high gain values (Markhand Barker, 1986). In addition, it is
important to note that the differences in the #itare also appear in relation to using
single-channel methods. This is because there haiee tdifferent methods that can be
applied with the single channel method. These rthe Radiative Transfer Equation
(RTE), ii) the Mono-window algorithm of Qiget al.’s (2001) algorithm, and iii) Jimenez-
Munoz and Sobrino’s (2003) algorithm. In this stu®TE, the first method associated
with single-channel methods, has been used. Tlggesohannel method, however, requires
some atmospheric parameters which are usually eterivom MODTRAN radiative
transfer. However, these parameters are quiteudlifto retrieve. A simple and quick way
to overcome this problem is to use the online aphesc correction parameter calculator
developed by Barsiet al. (2005). These parameters could be retrieved \ilid
Atmospheric Correction Parameter Calculator andvailable online at http://atmcorr
.gsfc.nasa.gov/.Figure (3.8) shows the general flmvkinvolved in terms of describing

Land Surface Temperatures (LST).
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3.5.1. Conversion of digital values to radiance

The first step is converting thermal band valuesathance. In general, any object
with a temperature above absolute zero Kelvin ethigsmal electromagnetic energy. The
signals received by the thermal sensors of LantiSHETM+ are stored and represented
as digital numbers (DN). Eq. (1) is used to conttegse DNs to space reaching radiance or
top-of-atmosphere (TOA) radiance measured by ts&ument (Markham and Barker,
1986; Thomeet al., 1997; Chandest al., 2002; Chander and Markham, 20(&3 cited in
Oguz,2013):

I—max - I—min

Ly = (DN — QCALmin) + Lmin 1)
QCALma)( - QCAme

Where: I, = spectral radiance at the sensor's aperture igmgVisr pm);
QCALmax = the highest point of the rescaled radtancDN; QCALnax = the lowest point
of the rescaled radiance in DN (1 for LPGS, 0 f&tARS); Lyax = the TOA radiance that
is scaled to QCAkaxin W/(m’ srum); Lmin = the TOA radiance that is scaled to QG#\L
in W/(m? srum).

3.5.2. Conversion to reflectance with atmosphericorrection

In this step the radiance value obtained in th& faquation will be converted to
reflectance with atmospheric correction. This mdtheas developed by Chavez (1996)
and its main advantage is that the data necessaoyder to carry out the atmospheric
correction are obtained from the image itself. @haospherically corrected reflectance of
the earth is computed in Eq. (2) (Sobrat@l., 2004) (as cited in Oguz,2013):

m.(Ly-Lp).d?

pp = (2)
ESUN,.co9s.t

Where:pp = atmospherically corrected unitless planetarieoténce; b = spectral
radiance at the sensor’'s aperturg; £ radiance resulted from the interaction of the
electromagnetic radiance with the atmospheric comapts (molecules and aerosols); d =
earth-sun distance in astronomical units; ESBNMhean solar exo-atmospheric irradiances;

0s = solar zenith angles in degrees; the atmospheric transmissivity.

L, can be obtained according to Eq. (3):

26



Lh = LarL1% (3)
Where: L, = the radiance that corresponds to the dark oljécvalue; L% =1

percent of the theoretical radiance of a dark dbjec

Lm cab be computed in Eq (4)

I—max - I-min
Lm = Lmin + DNmin 4)
QCALmax

Where: DNyin = the dark object DN value (minimum DN value).

The term L% is given by Eq. (5):

0.01.co$s. 1. ESUN
L1%= (5)
n.d?

T can be obtained according to Chavez (1996) in(&q.
7= coYs (6)

Sobrinoet al. (2004) compared Chavez’s (1996) method to thelgied method
for atmospheric correction (SMAC) and found thathbonethods resulted in similar

results. For this reason, Chavez’s (1996) methadésl for atmospheric correction.

3.5.3. Calculation of the Normalized Difference Vegtation Index (NDVI)

The Normalized difference vegetation index NDVhisvidely used parameter in
studies on LST. Because NDVI is less sensitiveheodhanges of atmospheric conditions
than the other indices, it has become the mostlyigeed for monitoring vegetation status
(Tso and Mather, 2009). The purpose of using NDVIthis study is to evaluate the
correlation between LST and NDVI, and derive landfece emissivity from the NDVI
values;which is a required parameter when using the a wtidow algorithm. The basis
of the NDVI is a rational calculation between twbtlee most important Landast-5 TM
bands. These bands are near-infrared (NIR) bamid4R&d (R) band 3 (Gao, 2009; Liu
and Zhang, 2011).. the reason for using these twmaddis that healthy vegetation or green
leaves have more than 60% reflectance, with babhdt&een wavelengths 0.7 to {ir8.
However, with band 3, the red band, the highestievaif reflectance reached is 20% k9
between the wavelengths 0.5 tohv. The following equation was used to extract exact
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values of NDVI based on the Landsat-5 TM data bam3VI is derived from the
atmospherically corrected reflectivity of Landsdl/ETM+ bands as shown in Eq. (7):

Pband4- Pband3
NDVI = (7)
Pband4 T Pband3

Where: ppangsa= the spectral reflectance of near infrared bdwachq 4);ppangs= the
spectral reflectance of red band (band 3).

3.5.4. EMISSIVITY and NDVI

3.5.4.1. Land Surface Emissivity Estimation usinghe NDVI thresholds (NDVITHM)

method

Radiation emitted by ground objects is measuredrer to estimate their
temperature by use of thermal infrared wavelengifiserefore, these measurements
provide the radiant temperature of a target bodg #rus, the radiance is strongly
dependent on the emissivity of the target (Prak26i90). For this reason, it is quite
important to retrieve emissivity values in ordeg accurate results in terms of retrieving
LST. “Emissivity €) is a proportionality factor that measures blaasdyp radiance
(Planck’s law) to predict emitted radiance anckificiency in transmitting thermal energy
across the surface into the atmosphere. In thisese§) must be known in order to
estimate land-surface temperature accurately famrance measurements” (Sobreal .,
2008) i.e., emissivity is an essential parametethm study of LST. Calculating land
surfaces on Earth does not measure black bodiéscpgr Thus, thermal emissivity of the
land surface must be estimated for the area beuuiesl (Gartland, 2008). However, an
accurate estimation of ground emissivity remaindificult task. Several methods of
retreiving acceptable results of ground emissivitgve been proposed by various
researchers (Qiet al., 2001). The work by Zhang al. (2006) proposed a very good
estimation for the emissivity of different land fages using three different methods. These
methods are NDVI values, image classification aaiibrvalues of vegetation and bare
ground. However, using NDVI is the proper methodfasmehin (2007 ) says: “...land
emissivity is more relative with the densely veggdasurface and high heterogeneous

surface”. In addition, the methods-based imagesiflaation developed by Zhang might be
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impossible to use with Landsat data because thisadeneeds high-resolution data. Thus,
in this study, emissivity values were extractedibing NDVI values.

The land surface emissivity)(is derived by the NDVI Thresholds Method. This
method obtains the emissivity values from the NBWihsidering different cases as follows
(Sobrino et al., 2004):

€ = Esoil |f NDVI<02
€ = tveg if NDVI>0.5
€= (Sveg. R/) + Esoil (1‘P\/) |f O.K_NDVISO.S

where:gsoi = the soil emissivityg,eq = the vegetation emissivity; B the vegetation cover

fraction.

According to Sobrino et al. (2004x0il andeveg were estimated at 0.97 and 0.99
respectively. After using these values in the fdamuabove, the equation below is

formulated:

€=0.97 if NDVI<0.2

€=0.99 if NDVI>0.5

€=0.004. R +0.984 if 0.2NDVI<0.5

P, is calculated as shown in Eqg. (8) (Carlson aralefyj 1997):

NDVI - NDVI i 2
P, = (8)
NDVI 1 - NDVI i

where NDVyax= 0.5; NDVl,in = 0.2

Based on these estimations, formula conditionattfans in ERDAS IMAGINE

software were used to estimate emissivity valueshi® study area

3.5.4.2. Land Surface Emissivity estimation using elassification image

Before using this method, the user is required l&ssify the satellite image
(Landsat TM/ETM+) into classes of land use and laogler using one of the image
processing packages such as Erdas Imagine, ENVTe¢&CLST tool supports a maximum
of 10 land use and land cover classes. Each classhe assigned an integer value from 1

to 10 (only if there are 10 classes in the imaddler preparing the classified image,

29



emissivity values for all land use and land cowar be retrieved from the paper written by
Snyderet al. (1998) and are assigned for each land use addclarer class using the LST
tool's “Emissivity Calculation using a Classificati File” dialog. Therefore, the classified
image and the emissivity values are critical irs titmethod. The final LST result depends
solely on the classification accuracy of the clesgiimage and the emissivity values for
the land cover classes. A Landsat TM/ETM+ image dagpatial resolution of 30x30 m,
which is probably composed of several land objdets.this reason, the emissivity from a
pixel is determined by land objects and their engttlirections (Dozier and Warren, 1982)
(as cited in Oguz,2013). Many studies have beerlighga estimating the emissivity
values of ground objects to mitigate the effecewofissivity on derived LST (Gillespiet
al., 1998; Snydeet al., 1998; Watson, 1992). Snyderal. (1998) states that correction of
the effect of emissivity can be achieved by assigran emissivity value to each land
cover category of the classification image. Accogdito the literature, land surface
emissivity ranges from 0.950 to 0.990 (Lillesastcl., 1994; Nichol, 1994; Snydet al.,
1998)(as cited in Oguz,2013).

3.5.5. Calculate kinetic temperature

In this stage the process of removing atmosphdfexts will apply, which is
crucial for absolute temperature studies. It isl \Webwn that the energy emitted from the
ground is usually attenuated by the atmospheres{@firal., 2005). The effects of the
atmosphere in the thermal region are removed byerting space-reaching or TOA
radiance to surface-leaving radiance. In this staalyatmospheric correction tool which
uses the MODTRAN radiative transfer code developgdBarsiet al. (2005) for the
thermal band of Landsat TM/ETM+ was applied. Thisl testimates three parameters —
atmospheric transmission, upwelling radiance, aodndwelling radiance. Once these
parameters are retrieved, it is possible to contleet space-reaching radiance or TOA
radiance to surface-leaving radiance with the EX).(Barsiet al., 2005)(as cited in
Oguz,2013) :

Ly - Ly - t(L —¢)Lg
Lt = 9)

T.E

Where: I = radiance of a blackbody target of kinetic terapare T; L, = the
space-reaching or top of atmospheric radianges lthe upwelling or atmospheric path
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radiance; k = the down-welling or sky radiance= the atmospheric transmissians the
emissivity of the surface.

3.5.6. Land Surface Temperature calculation

The conversion of DVs to spectral radiance is tiet step in converting spectral
radiance to satellite brightness temperature (blady temperatures) by expressing
Planck's function. However, in this study anothguation was used, which is similar to
Planck's function. This equation was proposed bykkkm and Barker (1986): it states
that the radiances are in units of W4(sm um), while the transmission and emissivity are

unitless. The land surface temperature was caéuilasing the Eq. (10)

T= -273.15 (10)

Where: T is the satellite brightness temperatureCeisius, K and K are
calibration constants of Landsat-5 TM represenéingensor spectral radiances of Landsat
TM Band 6, which are 607.76 and 1260.56, respdgtivier is the satellite spectral
radiance retrieved from the first equation - the@aadage of using this algorithm lies in
being able to use additional parameters to obtaiacaurate LST.
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3.6. Input and Converting Results into the GIS Enwionment

Recorded data in remotely sensed images takesthedf pixel values, where
each pixel records X, Y information for a grounatdtion. Therefore, this allows the
remotely derived information to be used with otkdata in spatial distributed modeling
efforts, such as with GIS (Lindgren, 1985; Jensahtdodgson, 2004). In other words, the
development and unison of remote sensing and Ggliged Information Systems (GIS)
has led to the multi spatial analysis of data (@hap and Thornes, 2003).The result of
inputting and converting remotely sensed datatimoGIS environment allows a variety of
numerical and geographical analysis techniquesterbployed, such as extracting mean
values of LST for each land cover class and idistand mapping out the results in an

appropriate manner.

For this reason, in order to achieve the studyatives, GIS techniques were used
to analyze and evaluate spatial information. Kirstl the obtained results were imported
into ArcGIS software to facilitate the process eklassifying the raster images by
conversion to a raster-grid. The reason for reiflasg images was to moderate the values
in an input to save the changes to a new outpterragich produces unique values and
clears the background from the class. There argymeasons why we may want to do this,
including replacing values based on new informatgnouping entries, and reclassifying
values to a common scale. Secondly, the LST imagescombined with reclassified
images for each class through Extract using theknaa in ArcGis. These steps have
been used for each class separately, which cosngs point of strength in terms of this
study. Finally, the city districts maps were cornedrto a polygon in order to extract
separate LST values for each district. For thiseaathe spatial analysis tool (extract by
using the mask tool) was used in ArcGis softwarecofplete workflow of this step is

illustrated in Figure (3.9).
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4. RESULTS AND DISCUSSIONS

4.1. Classification Results

In order to classify land cover classes and detegtchange among the different
land cover classes between 1998 and 2011, a ssedrelassification was utilized based
on Landsat-5 TM. The results of the classificatindicate that all of the classes vary
between 1998 and 201A4s it is shown in the Figure (4.1) which represe¢hesmain land
cover types. The colour red represents urban laotiding buildings and roads, dark
green represents all types of dense vegetatioht figeen represents sparse vegetation,
gold represents agriculture land, blue represectiraalation of water. Brown represents
other land which is non-built up or barren landhaiitsignificant vegetation land as well as

thin soil, sand, or rocks.

It is noted that in 1998 the largest area was @u/déry sparse vegetation which
made up around 32.27% of the total area. Howene2Qil1 sparse vegetation land cover
had declined by to just over 29.03%. On the othaardh significant changes were noted
during this period of time in urban land, whichneased from 5.98 % in 1998 to 17.62 %
in 2011. The increasing trend in urban land is tluthe economic and political changes
which occurred in this region after a semi-autonosm@overnment structure was
introduced. It appears that the city experiencddsa and large-scale expansion of urban
land compared with other land cover types. In @stirdense vegetation decreased during
the years under investigation, as we can see, 8b69% to 19.59% as a result of: i) the
impact of climate change such as drought whichféeexd the entire region since the 1990s
i) as we can see from the classified images, tieedense vegetation located around the
river going through the city but in 2011 the riviered up so there was no water. Therefore,
vegetation around the river decreased between theses. Likewise, agriculture land
cover decreased from 14.27 % to 12.31% as a reSulist expansion of the built up land
area upon other land cover types. The remainingtyyes of classes increased from 1998
to 2011, these are water and other classes. Thex Vaaid cover increased from 0.66 % to
0.69 % because the bodies of water representddsirstudy focus on the water collected
by a man-made dam which collects water during #ieyrseason, and because the two
images used in this study were acquired almoshéensame month. Hence there is no
evident change in the bodies of water. The remgiland cover increased from 15.13 % to
20.76 %. (see Table (4.1) and Figure (4.2).
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Table 4.1Summary results (LU/LC change between 1998 and 2011.

Class name Area In Areain  Coverage Coverage Change: Remark
(ha) 1998 (ha) 2011 % % %
1998 2011

Urban 1212.93 3569.58 5.98 17.62 11.6¢ Increase
Dense 6411.87 3969.63 31.69 19.59 12.1 Decrease
Vegetation

Sparse 6537.33 5880.15 32.27 29.03 3.24 Decrease
Vegetation

Agriculture  2892.6 2493.63 14.27 12.31 1.9¢ Decrease
Water 135.54 139.32 0.66 0.69 0.0< Increase
Other 3067.83 4205.79 15.13 20.76 5.65 Increase
Sum 20258.10 20258.10 100 100 34.¢ -

LU/LC types in 1998

14%

® Urban

B Dense Vegetation
Sparse Vegetation
Agriculture

m Water

u Other

6%

LU/LC types in 2011

m Urban

m Dense Vegetation
Sparse Vegetation

Agriculture
= Water
= Other

21%

18%

Figure 4.2 Changes in LUC classes in percentage between 1998 and
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Figure 4.1 LU/LC maps of the Duhok city of yea®9& and 2011.

4.1.1. Classification accuracy assessment

Assessment of accuracy is a necessary step aftharaassification process. In
this case, the error matrix technique was usedahware the most widely used methods.
After taking samples 240 random points (as showirrigure (4.3) and following all
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classification stages, an accuracy assessmenthtaised. Table (4.2) shows the results of
this assessment. As we can see the overall accafaleg classified image in 1998 is about
(93%) with a kappa (0.91). On the other hand, trexall accuracy for the classified image
in 2011 is (91%) with a kappa (0.88).

Table.4.2 Classification accuracy for years 199& 2011

The result of error matrix in 1998

Urban Dense Sparse  Agriculture Water Other Line Producer's User's

vegetation vegetation total accuracy  accuracy
(%) (%)

Urban 42 0 0 0 0 0 42 77.78 100.00
Dense 1 53 3 1 0 1 59 95.83 92.00
vegetation
Sparse 1 2 52 1 0 1 57 94.29 92.96
vegetation
Agriculture 2 0 1 36 0 40 94.74 90.00
Water 3 0 3 100.00 100.00
Other 0 1 0 0 0 38 39 92.68 97.44
Top raw 18 72 70 38 1 41 240

Classification accuracy = 93.33 %

Kappa statistics = 0.9124

The result of error matrix in 2011

Urban Dense Sparse  Agriculture Water Other Line Producer's User's

vegetation vegetation total accuracy  accuracy
(%) (%)

Urban 51 0 0 1 0 4 56 98.08 91.07
Dense 0 45 0 0 0 0 45 88.24 100.00
vegetation
Sparse 0 6 41 1 0 4 52 95.08 84.06
vegetation
Agriculture 0 0 2 44 0 46 90.00 93.10
Water 1 0 1 0 1 3 100.00 100.00
Other 0 0 0 1 0 37 38 82.22 92.50
Top raw 52 51 61 30 1 45 240

Classification accuracy = 91.25 %

Kappa statistics = 0.8893
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4.2. Change Detection Analysis

4.2.1. Change between 1998 and 2011

In remote sensing technology, change discovering vstal application. It is a
technology that ascertains any changes in spetificacteristics within a period of time. It
gives the spatial division of characteristics andlgative and quantitative instruction with
regard to feature changes. The quantitative arsabysd the identification of the features
and procedures of surface change is carried thrrogihthe unlike time of remote sensing
data. It includes the type, division and quantifyany changes in terms of surfacing of
ground type, boundary changes and trends aftebafade such changes. The analysis of
change detection in this study has been performd®98 and 2011. The spatial division
of changes is shown in Figure (4.4). As it is shawnable (4.3), the outcomes indicate
that there is a rising trend towards the areas rbaru at the expenditure of sparse
vegetation, other and agriculture classes. On therdand, there is a rising trend towards
agricultural areas at the expenditure of sparsetatign, other and urban. This change in
urban to another class is due to population migmnatio urban areas spatially between 1998

and 2011 as shown in the table below, where the apior represents no change.

Table 4.3 Change detection between1998-2011.

1998LULC(ha)
2011LULC  Urban Dense Sparse Agriculture  Water  Other Class
(ha) Vegetation Vegetation Total
Urban 1054.53 29.25 16.38 12.51 0 100.26 1212.93
Dense veg. 62352 3202.74 1488.33 386.28 0 711 6411.87
Sparse veg.  765.99 611.73 3349.17 636.48 0 1173.96  5159.61
Agriculture ~ 814.77 54.63 321.03 1283.58 0 418.59 2892.6
Water 0 0.36 0 0 131.4 3.78 135.54
Other 310.77 70.92 705.24 174.78 7.92 1798.2 3067.83
Class total  3569.58 3969.63 5880.15 2493.63 139.32 420579 --——---
Class change 2515.05 766.89 2530.98 1210.05 7.92 240759 —-
Image -2356.6 2442.24 -720.54 398.97 -3.78  -1.137.96 ---——---

difference
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4.3. Land Surface Temperature Retrieval

In this study a Radiative Transfer Equation (RTEsvemployed to map out the
spatial variation of LST for 1998 and 2011. The moet was integrated with GIS
techniques to allow a numerical and geographicalyars of the spatial and temporal
distribution of LST. LST analyses were conductethwegard to the images for 1998 and
2011. The spatial and temporal variations of LSTween these two years were mapped

out, and can be seen in sequential colour in degrexetigrade represented in (4.5).
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Figure 4.5 Land surface temperature for 1998 arid 20

It is apparent from the results shown in Figur®&)4hat the hottest places in terms
of surface temperature are concentrated outsideithdor both years, while it is cooler
inside the city and over the different classes exfetation and the body of water as well.
Therefore, the LST results of this study may notagvith the wider literature on LST and
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urban areas which state that the LST in urban asdaigher than in surrounding areas. We
can say this because according to our result, inoRdhe LST inside the city was lower
than in the surrounding areas for both years takehis study. This result in agreement
with ((Ahmed et al. (2005), Kwarten and Small (2005), Habib (2007),Bouncaiaal.
(2009),. On the other hand, another significantltesevealed by this study is that the
maximum LST increased by 5° C for the total aremanf48°C in 1998 to 58 in 2011, and
the minimum LST increased by@from 23° C in 1998 to 25°C in 2011. These changes i
maximum and minimum LST, result from a number oftdaes. Firstly, there is the
difference in time when the images were capturduds Tay have a role to play because
the image for 1998 was captured on 13-06-1988 @22139 AM) and for 2011 it was
captured on 17-06-2011 at (10:34:05 AM). The dédfere between the images is about 12
min in the morning which may have an effect on diféerence in LST as well. On the
other hand, the second reason is that the whol®rrefjiced serious environmental
problems such as drought and desertification dverperiod of time under investigation.
As weather station data shows, the mean temperdtaseincreased and the mean
precipitation has decreased since the 1990s. Iiti@udthe report prepared by the IAU,
UNEP, WHO, UNESCO, UNICEF, FAO and the Ministry Bfivironment in Irag about
climate change in Iraq (2012) shows that aroun@@Mhectares are lost every year in the
whole of Iraq due to climate change. The last facttates to the decrease in vegetation
classes in this area. In this study we classiftegl tegetation area into three different
groups (dense, separated and agriculture); allexfd classes decreased form 78.23 in 1998
to 60.93 in 2011. This reduction in vegetation séssled to reduced humidity and a
decrease in the transpiration cooling effect ofnfda In addition, the increasing of
maximum LST from 48 to 53 may be due to an errdeahnique relating to pixels. This is
because the LST temperature retrieved by satétlitejes depends on pixel reflectance.
Therefore, higher pixel reflectance records higteT. In this case we would expect that
there were some areas in this region under corngtnuarhen the images were captured,

resulting in the high reflectance recorded in sqmxels.

4.4. Spatial Distribution of Land Surface Temperatues in Dhuok City

Retrieving the LST in an urban area strongly depeod the surface energy
balance (Voogt and Oke, 2003). On the other hdrestrface energy balance is measured
based on the thermal characteristics of differenfase features (Cartland, 2008) (as cited

in Abdullah,2012). As a result, the variation i tthistribution of LST within an urban area
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may be identified by the nature of the materiatg trave been used to construct buildings,
such as asphalt, concrete, rock and mud, and Isreliices in terms of land cover types

such as buildings, green areas, water, and so on.

In order to investigate the spatial distributiorL&T, and to identify the major hot
and cool parts of the city in terms of LST, GIShieiques were used. The results of the
spatial distribution of the LST in Duhok city anepdained in the following section.

4.4.1. Spatial distribution of Land Surface Temperéures in 1998

The results of the spatial distribution of LST &898 reveals that the spatial LST
pattern was non-equal and non-concentric (see &i@u6) and Table (4.4)).In general, the
highest temperatures were recorded in the distiibish were located around the city, and
relatively remote from the old districts in CentEihok. For example, Bahdinan, Botan,
Shake, Nzarke, Peshasazi, Shandokha, Bntika, RggeanMhabad, L.malta, Sarbasti, Se
grka, Ronhai,U.Malta and Azdai were identified asihg the hottest surface temperatures
(35,35,35,35,35,34,34,34,34,34,34,33,33,33,33 &A@ Bespectively). This was due to the
fact that they had a lot of open areas or hardasad with no covering. In addition, it is
important to note that other hot places were fourtthe districts of Peshaszy and Nizarke,
both of which have an LST of 35°C.This was duth®r having buildings with aluminum
roofs and bare areas which emit thermal energyabeman activities associated with the
factory work in these areas. Furthermore, the idistivhich were newly built during this
period have a higher surface temperature compaitd older districts. For instance,
Shahidan, Barushke and Bashur, which were newidstouilt in 1998, have an LST of
31°C. This is higher than the districts which hawested for longer such as Khabat,
Nuharda, Brayati, Gre Base, Dasnia, Shele and Kahima where the mean LST was 29,
29, 29, 30,30,30 and 29°C respectively.

This difference is due to the fact that the oldistricts have slightly more green
spaces which have existed for a long time, or tlaeeeno longer any open spaces which
are not covered by anything. The opposite is tfuth® new districts, which have a lot of
open spaces and a lack of green spaces. As a, tbasié new districts may absorb higher
amounts of solar radiation while producing loweragoeration because of a lack of
vegetation cove(Gartland, 2008. In addition, it is well known that vegetation ydaan
important role in the process of retaining watethwi the ground. For this reason, land

cover with a lack of vegetation cannot retain ratev during the rainy season. As a
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consequence, the land or the soil remains dry,Badmes warmer during the summer
season when compared to vegetated areas (Abdlt),2

Table 4.4 give the following data: Mean LST in®ain districts in Duhok City on 13-
06-1998 at 10:22:39 AM and Mean LST in°C of mastricts in Duhok City on
17-06-2011 at 10:34:05 .

No. | Name of Mean Mean No. | Name of Mean Mean
Districts LSTin°C LSTin°C Districts LSTin°C LSTin°C
1998 2011 1998 2011
1 | Bahdinan 35 38 26 | Gali 31 35
2 | Botan 35 37 27 | Shorsh 31 36
3 | Shakhke 35 37 28 | Bazar 31 35
4 | Nzarke 35 38 29 | Shahidan 31 34
5 | Peshasazi 35 38 30 | Baruske Bashur 31 30
6 | Shandokha 34 38 31 | Shele 30 34
7 | Bin Tika 34 37 32 | Dasnia 30 34
8 | Peshangaha 34 37 | 33 | Gre Base 30 35
9 | Mhabad 34 35 34 | Khabat 29 34
10 | L.Malta 34 37 35 | Nuhadra 29 34
11 | Raza 33 36 36 | Brayati 29 35
12 | Sarbasti 33 36 37 | Kani Khshma 29 35
13 | Media 33 36 38 | Veg. Dense 28 29
14 | Mazi 33 37 39 | water 25 26
15 | Azadi 33 35 40 | Kevla - 42
16 | Se Grka 33 34 41 | Zrka - 40
17 | Ronabhi 33 37 42 | Zanko - 43
18 | U.Malta 33 38 43 | Ailul u Gullan - 41
19 | Sarhaldan 33 35 34 | Masika - 41
20 | Ashti 32 35 45 | Tanahi - 40
21 | Nawroz 32 36 46 | Avrusti - 42
22 | Dyari 32 32 47 | Qasara - 38
23 | Barushke 32 30 48 | Besre - 41
24 | Gafrke 31 37 49 | Masika Roshava - 42
25 | K- Mhamadke 31 33 50 | Etite - 41
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Figure 4.6 Spatial distribution of LST in the madiistricts of Duhok City on 13-06-1998
at 10:22:39 AM

4.4.2. Spatial distribution of Land Surface Temperéures in 2011

In 2011, the results reveal that the spatial patélST were non-equal and non-
concentric with regard to the districts, with sligihanges in LST due to the fast and vast
expansion of the city as shown in Figure (4.7) @able (4.4). It seems that the mean LST
in 2011 was higher than that in 1998 in almostdadtricts. Furthermore, the results in
terms of the spatial distribution of LST in 2011alty matched the results in 1998 in terms
of the newly built districts, usually recording thettest surface temperatures compared
with the older districts. For instance in Kevlak@y Zanko, Ail u Gulan, Masika, Tanahi,
Avrusti, Besre, Masika Roshava, Etite and Qasé&matemperatures were 42, 40, 43, 41,
41, 40, 42, 41, 42, 41and 38°C respectively. Orother, the district of Zanko recorded a
high LST in this year due to the nature of thigrdis which is almost without vegetation
and hence leads the areas in terms of becoming evadaring the summer season when
compared to vegetated areas. If we consider Figui®, we can see the differences in

spatial distribution in terms of surface temperatur
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Therefore the results of the LST spatial distribantdemonstrate that there is an
observable variation among the districts in thiy en terms of LST. In addition, the
images were captured at the beginning of the sumAtethis time of year, the ratio of
sunlight observed on the ground surface increases @sult of clear skies, the vertical
situation of sunlight according to the earth’s aag and an obvious reduction of humidity
in the air and the soil, all of which leads to neltng a high surface temperature.
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Figure 4.7 Spatial distribution of LST in the malistricts of Duhok City on 17- 06-2011
at 10:34:05 AM .

In contrast, further investigation was employedat@lyse the impact of urban
expansion on LST during this period of time. Asjipears from Table (4.4) , around 11
new districts were built between 1998 and 2011.tRisr reason, GIS techniques and data
were used to detect the changes derived from tierh&ps (see Figure (4.8)). The results
revealed that the expansion of the city over theldnds surrounding the city led to a
decrease in LST of around 2°C in some newly buslridts as can be seen from the blue
colour on the map, while the red colour refers noirecrease in LST of more than 2°C.
Thus, the expansion of Duhok City over the othedlaover in this region has led to a

control and reduction of LST. This result totallyatthes that of other studies which were
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done in nearly similar geographical situations sashthe studies by Habib (2007),
Kwarten and Small (2005) and Frey al. (2005) in which they pointed out that
constructing buildings over dry and desert land vgay to control the increase in LST and

produce urban cool islands (UCI).
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Figure 4.8 The change detection neget on LST for 1998 and 2011.

4.5. Relationship Between Land Surface Temperaturand Different Land Use and
Land Covers

The variation of LST depends on certain factorscWhiave a great impact on the
process of heating ground surfaces, such as sagtune, land surface emissivity, albedo,
vegetation abundance, and so on (Weingl., 2004). Thus, each type of land cover has a
particular characteristic which determines its LST.

For this reason, to find out the connection betwaiéferent land covers and LST,
the classified images and LST maps were importeatime ArcGIS software, in order to
associate each class with the value of the LSTxpki@ed in Figure (3.9). This process
has led to the extraction of a mean LST for eanl leover type. This is an essential step
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in terms of understanding the characteristics efttiermal signatures of each land cover
class identified in this study. From the (4.9viuld appear that the lowest temperatures
were recorded over a body of water (the Duhok Dafjis was 25°C in 1998, and 28°C in
2011. In addition, dense and sparse vegetationsedasecorded low temperatures
compared with other classes. The dense class est@@ °C in 1998 and 32 °C in 2011,
while sparse classes recorded 31 °C in 1998 aR€ 34 2011. It's important to note that,
in general, the LST over all the above-mentionexs#s saw an increase in temperature

due to changes in the climatic and environmentabfa as mentioned before.

In terms of urban land, temperatures of 37°C arf€C40 1998 and 2011 were
recorded respectively. In contrast, the highestpemature was recorded over the other
classes - 39 °C in 1998 and 42 °C in 2011. Thdtsesithese high LSTs can be identified
by, first: the other classes were classified bagednknown features on the images due to
the low resolution of the Landsat images. Therefanemost cases, the ‘other class’
consisted of barren land which usually recordsgh ST due to the lack of vegetation to
protect the land from the heat of the sun, andteamspiration cooling due to the existence
of plant life (Wenget al., 2004). As a result, this leads to lower humidihd leads to the
land absorbing the heat of the sun directly, causimch land to become warmer more
quickly than other land cover types. On the otrerd) regarding other land cover classes
such as the structures and materials which are wsednstruct artifacts in urban areas
such as concrete, roads, buildings.... etc., theg tenabsorb heat from the sun more
slowly, and they also emit it more slowly. In otlveords, the absorbed heat in urban area
tends to remain longer than in other land covessda, and hard surfaces such as barren

land do not hold heat for longer than urban land.

In general, in this study, urban land appears cal@n barren land due to the
time of day at which the Landsat TM images weregwapgl. Since this was the morning,
the heating of the surface by the sun had justestaand, as mentioned before, materials
and structures used in urban areas usually becaammev more slowly and also become
cooler more slowly than other land covers. For teason, other and open classes recorded
the highest LST compared to urban land cover(Aladi#012).
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4.6.Relationship Between Land Surface Temperaturera the Normalized Different

Vegetation Index

In the above section the difference in LST in tewhghe different land cover
classes was presented. However, according to tératlire such as that of Kumetral.
(2012), Saleh (2011), Bounoegal. (2009), Habib (2007), Ahmed al. (2005) and Honjo
et al. (2004), highly focused to find out the impactveigetation on LST. This is because
vegetation is widely identified as an importantiaador of the control and reduction of
LST. Thus, one of the most common vegetation irglgas used in the form of NDVI. In
general, the use of NDVI is widely documented i likerature to explore the relationship
between LST and vegetation because it's a promkcator for use when studying LST,
and (Galloet al., 1993).

Results of the NDVI maps were normalized betweer=NDVI<=1. The
negative value is indicative of water and other -uegetated, non-reflective surfaces,
while positive values stand for vegetated or reiecsurfaces. Figure (4.10) shows the

NDVI map for the study area for both years undersateration.

The results in terms of extracting NDVI reveal ttfedre is a noticeable change in
vegetation cover. It appears from the classifiedges that the all-vegetation cover (dense,
sparse and agriculture) together decreased fro2B8378. 1998 to 60.93 in 2011. On the
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other hand, the highest NDVI values were notedraeg spaces, and the lowest were in
barren land, urban land and on the body of watérerstudy area (Duhok Dam).
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Therefore, to find out the real relationship betwdeST and vegetation, Pearson’s
correlation coefficient analysis, as well as lineagression analysis, was used to evaluate
the connection between LST and NDVI. Both were usedause the use of correlation
analysis alone cannot offer the correlation betwesables and their degree of correlation
(Saleh, 2011) (see Figures (4.11) and (4.12)). sTHO random points were collected,
using the same coordinates for LST and NDVI forheiatage separately (see Tables (4.5)
and (4.6)).

The results of the Pearson correlation coefficiedicate that there is a strong
negative correlation between LST and NDVI. Foranse, the correlation result for 1998
is -0.86, and for 2011 it is -0.82. Therefore, thiglely agrees with the literature, as
various authors revealed negative correlations &t ST and NDVI suck as studies by
Kumar et al. (2012), Saleh (2011), Bounowh al. (2009), Habib (2007), Ahmed al.
(2005) and Honjcet al. (2004).Furthermore, in order to evaluate to wdent NDVI
values are able to predict changes in LST, thelRrsgl value was extracted and found to
be 0.734 in 1998 and 0.670 in 2011. These are maagdvalues which show that NDVI is
an important indicator when it comes to predicticftanges in LST. In other words,
vegetation is important when it comes to contrglltST as we found in this study due to
the strong negative correlation between NDVI and .L®his means that by increasing

NDVI values, the LST will decrease and the oppasiteorrect.
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Table 4.5 Collected values from NDVI and LST mams1f998

No. | NDVI LST No. NDVI LST
1 0.501 23 21 0.079 32
2 0.102 35 22 0.031 42
3 0.013 44 23 0.502 24
4 0.111 33 24 0.069 32
5 0.099 37 25 0.085 35
6 0.449 29 26 -0.076 46
7 0.201 31 27 0.063 37
8 0.052 39 28 0.138 30
9 -0.096 43 29 0.006 44
10 0.096 38 30 0.000 41
11 0.006 35 31 0.034 39
12 0.039 43 32 0.117 35
13 -0.009 48 33 0.027 41
14 0.199 30 34 0.106 34
15 0.104 36 35 0.076 39
16 0.034 37 36 0.405 27
17 -0.020 42 37 0.051 41
18 0.046 39 38 0.456 28
19 0.011 40 39 0.030 44
20 0.027 41 40 0.180 30

Table 4.6 Collected values from NDVI and LST mamsZ011

No. | NDVI LST No. NDVI LST
1 -0.005 48 21 0.136 37
2 -0.006 47 22 0.090 36
3 0.069 44 23 0.498 28
4 0.017 42 24 0.190 32
5 0.009 40 25 0.030 39
6 -0.011 48 26 0.042 36
7 0.153 35 27 0.043 39
8 -0.027 39 28 -0.041 45
9 0.037 38 29 0.053 42
10 0.420 29 30 -0.002 50
11 0.034 40 31 0.136 36
12 0.111 36 32 -0.011 49
13 0.236 31 33 0.006 41
14 0.183 33 34 -0.071 42
15 0.115 35 35 0.106 39
16 0.409 26 36 -0.012 48
17 0.096 37 37 0.186 35
18 0.047 43 38 0.501 25
19 -0.009 46 39 0.000 38
20 0.069 31 40 0.068 47
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5. CONCLUSION

This study had attempted to evaluate the impaatlmdn expansion in Duhok city
on Land surface temperature between the years (E9@B 2011). Remote sensing
techniques as well as GIS were used to achieventie goals of this research. Landsat-5
TM data was used to classify different land cowad to retrieve LST for the study area
for 1998 and 2011. has been categorized into $i@rdnt classes as follows urban, dense
vegetation, sparse vegetation, agriculture, watdraaher land. At the same time, with this
classification, LST was retrieved for both yearsdzhon using the Landsat thermal band,
while Radiative Transfer Equation(RTE) was useccaavert digital data to LST. The
results of the land cover classification revealedraarkable expansion of urban areas over
this period of time, while other forms of land cowecreased. In addition, the result of
retrieving the LST shows that it had various forfmesn 1998 to 2011. In general, LST was
increased due to environmental changes which ledh¢oemergence of the drought

phenomenon and led to decrease in vegetation cover.

In terms of the impact of urban expansion on L3$ils study clearly underlines
that Generally, the expansion of urbanisation leasto the control and in somehow
decrease LST instead of having a negative impduts. rfEsult is because the region entirely
changed from being a semi-desert during the JureveMer, the drawbacks of the
expansion of Duhok city during this period of ticen be identified in terms of natural and
physical land cover changes, such as altering ¢lgetation cover to man-made land cover

and so on.

On the other hand, data on the spatial distribubdrLST based on the city
districts was retrieved, and revealed a remarkagselt in that the districts located around
the city, or the newly built districts, recordee thighest LST for both years due to the lack
of green spaces and to the existence of more opérsarfaces in these districts. As a
result, the open and surfaces noticed more heatgland generated more heat at night,
hence during the day became warmer and faster dbi@@r land cover forms. Further
investigation was undertaken so as to establishctmnection between various earth
covers and LST. As a result, barren land and ufhad were identified as having the

hottest surface temperatures for both years.
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In contrast, vegetation and water bodies recordedawest LST among all of the
present land covers in this regionn. As is shovearty, there is a cooling effect on the
LST of areas of greenery inside Dhuok city andrsund areas. For this reason, this study
selected vegetation and water as being importatators with regard to the decrease and
control of LST in this region. Further investigatiovas undertaken to validate the impact
of vegetation on LST. This resulted in correlataond linear regression analyses between
NDVI and LST values The analyses show that thengtrmrrelation between NDVI and

LST is negative.

Additionally, this study supported the idea thatsitpossible for the expanding
built-up areas to have a positive role when it cormecontrolling LST in a semi-arid or
semi-desert environment, such as is clearly statekde work of Habib (2007), Kwarteng
& Small (2005) and Fregt al. (2005).

To sum up, the methods that were used in this stwelyhighly efficient in terms
of achieving the research objectives and answehegresearch questions in a scientific
manner. In addition, this project shows the impwéaof using Landsat thermal band
imaging integrated with GIS techniques. This apphog@lays a major role in urban
environmental issues. It also acts as an effe¢cteewhen it comes to helping interested
parties and urban planners to find solutions favbfgms arising from environmental

changes.
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