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IRAK SORAN-ERBIL, BOLGESI’NDE COGRAFi BiLGi SISTEMLERI VE
UZAKTAN ALGILAMA TEKNIiKLERINi KULLANARAK KENTSEL
BUYUMENIN KENT YUZEY SICAKLIGI UZERINE ETKIiSINIiN
DEGERLENDIRILMESI

(YUKSEK LiSANS TEZI)

CHIYA SAMI SULAIMAN

OZET

Bu ¢alismanin amaci arazi yiizey sicakligi (LST) derecesi kentsel blylime Gzerine
yarattig1 etkiyi belirlemektir.Caligme Soran- Erbil, Irak bolgesi degerleri igin yapilmistir.
1995 ve 2011 yillarina ait Landsat-5 TM goriintiileri ve GIS teknigi kullanilarak LST
degerleri belirlenmistir. 1995 ve 2011 yillarina ait LST'nin mekansal dagilimi sonuglar
karsilastirilmadan once, sehir i¢indeki ve disindaki yeni kurulan bolgeler arastirilmistir. Bu
nedenle, cesitli arazi Ortlisii tiplerinin smiflandirilmasinda, arazi Ortiisii siniflarindaki
potansiyel degisikliklerin tespit edilmesi amaciyla denetimli smiflandirma islemi
yapilmistir. LST verilerinin 6l¢imu Radyasyon Transferi Denklemi (RTE) aleti kullanilarak
toplenmstir. Bulgulara gore, Soran-Erbil'i, hizli kentsel genislemesi, toprak ortusi niteliginin
LST sonuglar1 Uzerinde negetif ve genis kapsamli sonuglari olan bir trendi karakterize

etmektedir.

Kentsel genisleme uygulamasinda 1995 yili i¢in % 44, 97 oranindan 2011 yilinda
ise % 57, 26’ya yiikselirken, s6z konusu arazi ortiisii siniflarinin da etkilendigi goriilmiistiir.
Ornegin, kentsel genislemenin, bitki Ortiisiindeki 1995'te %17.46'dan 2011'de % 11,8'e
onemli bir diisiise neden oldugu goriilmektedir. LST degerlerinin mekansal dagilimi, kentsel
merkezine yakin olan yeni bolgelerdeki, ilgelerin eski ilgelere kiyasla en yiiksek degerlere
sahip oldugunu gostermektedir. Yeni insa edilen ilgelerin sehir disinda ya da ¢evresinde daha
yogun oldugu goz oniine alindiginda, olasilik, LST degerlerinin, iki y1l boyunca kentsel
bolge disindaki bolgelerde, 1995da 40 °C ve 40 °C (istu oldugu seklindedir. LST degerlerinde
varyasyonlarin da arazi Ortiisiiniin tiiriine, sinifina ve niteligine bagli oldugu bulunmustur.
Spesifik arazi ortiisii tiirleri ile ilgili olarak, 1995 yilinda 34 °C ve 2011, yillinda 39.5 °C
oldugu en diisik LST degerlerinin ise bitki ortisi ve su yuzeylerinin sahip oldugu
belirlenmistir. Diger arazi ortiisii kategorilerinin daha yiiksek LST degerlerine sahip oldugu

goriilmistiir. Dikkat edilmesi gereken husus, 2011 yilimin 1995 yili sonuglartyla



karsilastirildiginda, hem en diisiik sicakliga sahip hem de en yiiksek sicakliga sahip arazi
ortisu tiplerinde, LST degerlerinde 6nemli bir artisin oldugu goriilmiistiir. Ayrica bu
calismada NDVI ile LST degerleri arasindaki iliski incelenmistir. Sonugta, nitelikler ve

degiskenler arasinda giiclii bir negatif korelasyon bulundugu belirlenmistir. Bu degerler,

1995 ve 2011 igin sirasiyla -0.81 ve -0.77 dir.

Ozetle, bu calismada, Soran-Erbil bélgelesinde LST degerlerine kentsel genisleme
etkisini arastiran uzaktan algilama teknikleri ile elde edilen sonuglarin CBS’ne
entegrasyonun gegerligi ve gilivenilir sonuglar elde edildigi goriilmiistiir. Sonug olarak, bu
calisme sonuglarin gevreci olarak sehir planlamasina en uygun ve etkili yaklagimlar
gosteren gruplart belirlerken son derece faydali olacagi, siirdiiriilebilir kalkinmanin

arzulanan durumuna dogru ¢aba sarf etmeleridir.
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ASSESSMENT THE IMPACT OF URBAN EXPANSION ON LAND SURFACE
TEMPERATURE USING GIS AND RS TECHNIQUES FROM THE CASE OF
SORAN-ERBIL, IRAQ (M.Sc. THESIS)

CHIYA SAMI SULAIMAN
ABSTRACT

In this study, the main aim was to determine the impact posed by urban expansion
of the degree of land surface temperature (LST). The specific focus was in the context of
Soran-Erbil, Irag. To determine the resultant LST values, images for the years 1995 and
2011 were used in terms of Landsat-5 TM imagery and the GIS technique. The spatial
distribution of LST was also investigated in terms of the newly built districts within and
outside the city before comparing the respective outcomes for the years 1995 and 2011.
Thus, the classification of various types of land cover was achieved via the supervised
classification process with the aim of fostering detections of potential changes in the
respective classes of land cover. The retrieval of LST data was also achieved via the use of
the Radiative Transfer Equation (RTE). From the findings, a fast-paced state of urban
expansion characterizes Soran-Erbil, a trend that has had far-reaching consequences on the

nature of the land cover that, in turn, has had a trickle-down effect on LST value outcomes.

With the practice of urban expansion increasing the coverage from 44.97 % for the
year 1995 to 57.26 % for the year 2011, the respective classes of land cover were also seen
to be affected. For example, urban expansion is seen to account for the significant decline in
vegetation cover from 17.46 % in 1995 to 11.8 % in 2011. In relation to the newly built
districts, the spatial distribution of LST value outcomes indicated that those districts that
were close to the urban zone had the highest values when compared to the older districts.
Given that the newly built districts were more concentrated outside or around the city, the
eventuality was that LST values were higher in regions outside the urban zone for the two
years which is 40 °C in 1995 and 44 °C. Variations in LST values were also found to be
dependent on the type, class or nature of the land cover. Regarding these specific types of
land cover in 1995 is 34 °C and 2011 is 39.5 °C, vegetation and water surfaces were found
to exhibit the lowest LST values. The other categories of land cover revealed higher LST
values. Imperative to note is that both the land cover types with the lowest temperature and
those with the highest temperature saw the year 2011 witness a significant increase in LST
values when compared to the outcomes for the year 1995. The nature of the relationship



between NDVI1 values and LST values was also examined in this study. From the outcomes,
it was established that a strongly negative correlation exists between these attributes or
variables. Precisely, this was -0.81 and -0.77 for 1995 and 2011 respectively.

In summary, this study revealed that the integration of the GIS data into the outcomes
obtained via RS techniques fosters outcome validity and reliability when investigating the
impact of urban expansion on LST values in zones such as Soran-Erbil. The eventuality is
that such outcomes are highly beneficial because they inform groups such as
environmentalists regarding the most appropriate and/or effective approaches to urban

planning while striving towards the desirable state of sustainable development.

Key words: Land use/land cover, LST, Thermal band, Landsat, GIS, RS.
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1. INTRODUCTION

Recent times have witnessed the aspect of urban expansion emerge as a subject that
is not only debatable but also attracted the attention of scientific groups and academic
professionals. Specifically, expansion in this context entails the process of covering
expansive tracts of land by erecting buildings. A major adversity associated with situations
where the erecting of these buildings has been unplanned has been documented to lie in the
negative attribute of untidiness. Similarly, the decision to conduct expansions of urban areas
has been considered unacceptable by environmentalists due to the lacking state of natural
resource management and a compromised state of air quality. Indeed, it can be inferred that
urban expansion leads to significant alterations in the nature of cover in the natural
environment or land, proceeding to affect man-made or built environments; yet the latter
play the critical role of serving the needs of humans. According to Mallick et al. (2008), built
environments pose the negative effect on arable land and yield alterations in the physical
outlook of components on land surfaces; including soil moisture and the land surface’s
thermal capacity. Hence, it can be inferred that urban expansion remains associated with
alternations in the natural environment, extending similar effects to the sub-urban zones. The
eventuality is that urban expansion is that which yields negative outcomes on the natural
environment; fostering direct and indirect impacts on aspects such as life quality, human
activities, health, and mortality rates in urban settings (Gartland, 2008; Bhatta, 2010; Saleh,
2011). Generally, with new types of networks, it is difficult to experiment. Because new
types of networks use several addressing schemes and include other non-standard aspects. It
is difficult to incorporate these modifications into existing networks. In SDN, using a

controller, new ideas and inventions can be experimented in different network settings.

In the urban set-up, it has been observed that urbanization causes changes in the
atmosphere’s concentration, alterations in physical properties, and the spread of pollution
(air, water, and soil). The tertiary impact of these adversities has been the formation of urban
heat islands. In a study by (Oke, 1988), it was observed that urban heat islands refer to man-
made regions whose temperatures are higher than those of the surrounding. Hence, urban
heat island intensity aids in determining the degree of heat in urban areas and entails the
difference between the background rural temperature and the maximum urban temperature
(Mills, 2007). From the documentation, it is evident that the formation of urban heat islands

results when the urban areas’ land surfaces absorb heat from different sources, including the



sun. The resultant characteristic constitutes reduced ventilation due to compromised degrees
of air quality and the consumption of concentrated energy. This difference between the urban
heat island and the rest of the surrounding has been observed to be pronounced during winter

and summer, in the presence of weaker winds, and during the night (Mills, 2007).

Two forms of heat islands have been documented. On the one hand, surface urban
heat islands are measured via remote sensing and form at the surface. On the other hand,
atmospheric heat islands are measured by mobile transverses and weather stations and form
in the air (Mills, 2007). Notably, specific adverse effects accruing from the formation of
urban heat islands include increased mortality rates due to poor health, impaired levels of
water quality, the emission of greenhouse gases and related air pollution, a rise in energy
consumption, and deteriorations in the degree of the living environment’s quality (Rizwan
etal., 2008; Akbari et al., 2008). The eventuality has been a drawn attention of urban climate
engineers and researchers due to the economic impact and adverse environment effects
posed by urban heat islands. Specific emphasis has been on the need to determine the degree
of the heat and engage in interventions or mitigation measures poised to counter the resultant
challenges (Arnfield, 2003; Grimond, 2005; Rizwan et al., 2008). This study seeks to
determine the impact posed by built environments (via urban expansion) on urban heat
islands. Specifically, the study will investigate the manner in which temperature son urban

land surfaces are distributed in the context of Soran-Erbil, Iraq.

According to Voogt and Oke (2003), land surface temperature (LST) poses a direct
impact on the formation of urban heat islands (UHIS) and their accompanying effect of
environmental alteration. For example, LST affects the nature of environmental and
atmospheric issues such as the exchange of sensible latent and surface heat flux in the
environment (Prigent et al., 2003). Hence, it is evident that LST plays a critical role and
predictor among studies that focus on global and regional climate changes, important in
conducting estimations of the level of balance in the surface energy (Jin and Dickinson,
1999; Sun and Pinker 2003; Oluesyi et al., 2011). Similarly, LST is important because it aids
in obtaining data regarding different land surfaces’ physical properties. As concurred by
(Wan and Dozier, 1996; Kerr et al., 2005), estimating the level of LST is crucial in achieving
various global circulation models (GCM), hydrological, geological, climatic, and vegetation

monitoring models.



Therefore, a majority of the international and national firms have concentrated on the
collection and monitoring of data regarding LST to predict future outcomes in built
environments arising from urban expansion. For example, remote sensing adoption and
application has been witnessed at the Intergovernmental Panel on Climate Change while
seeking to determine possibilities of global warming. It has been used very much in recent
years for agricultural purposes (Tanriverdi, 2010). Similarly, data from remotely sensed
thermal infrared has played an important role of determining the adversities of urban heat
islands while additional data in relation to thermal infrared has been obtained via airborne
sensors and satellites. It is worth highlighting that airborne sensors include TIMS, ASTER,
MODIS, AVHRR, and Landsat TM/ETM+ (Mather, 2004). Notably, thermal infrared data
has been used for purposes of revealing the degree of LST as well as the determination of
the nature of emissivity in different types of land cover. The criticality of such outcomes is
that LST predicts the nature of energy exchange and surface radiation in a given
environment, including urban zones that have undergone expansion. As observed by and
(Qin, 2001; Zhang, 2006), surface heat fluxes play the important role of governing LST

distribution, with urbanization determining the level of these surface heat fluxes.

Indeed, this investigation was in the form of an LST-related study seeking to
understand the impact of urban expansion in the context of Soran-Erbil, Irag. The rationale
for conducting the study was informed by the vast or rapid expansion of the region, with the
impact of this expansion on the region’s degree of land surface temperature remaining dire.
In addition, the study was motivated by scanty information regarding approaches that have
employed remote sensing and geographical information systems to unearth the resultant
impact of urban expansion in Soran-Erbil on the resultant LST. It is further notable that the
study was motivated by the threat of urban expansion in relation to adversities such as the
recurrence of sand storms, desertification, and drought — especially during the year’s hottest

months.

Various benefits are predicted to arise from the perceived findings, data collection,
analysis, interpretation, discussion, and recommendations. For example, the outcomes would
inform the need for regional and local planning in relation to Soran-Erbil. With remote
sensing and geographical information systems (GIS) employed, the study would foster the
detection and monitoring of changes in the region’s environment to inform decision-making

about problems that the surrounding community could encounter due to continued urban



expansion. In turn, advance mitigation measures or timely interventions might be attracted
and save the economy of the region via improved environmental quality and save the lives
of individuals due to the curbing of health adversities associated with urban expansion and
the resultant environmental compromise. The following section provides the review of
literature regarding some of the past scholarly contributions that have examined this subject
from various contexts. Indeed, the section is poised to form a foundation from which the
methodology will be described and data collected towards inference making and determine
whether parallels can be drawn between this study’s findings and the existing literature or

significant differences in outcomes are evident.



2. LITERATURE REVIEW

Several explorations have shown that the use of satellites and the thermal band have
reclaimed land surface temperatures (LST) associated with the urban environments. A
Landsat thermal band is among the most extensively used means of gathering data in the
field. This chapter discusses the major applicable work in consideration to those that have
already used Landsat pictures to reclaim LST. It gives the impression of the appraised
research that has been evidenced by several explorations that mostly concentrated on

outlining the correlation between the cover of the land classes and LST.

This aspect was brought forward by the difference observed between the diverse
thermal physical appearances of the land covers surveyed, revealing dissimilarities in LST.
For example, (Honjo et al., 2004), concentrated on the influence of green spaces on LST in
the circumstances that entailed Iragq and Japan. The customary classification technique with
a Landsat-5 TM and ETM+7 was castoff to recognize and make out different land covers in
the research region. The exploration used size, shape, and parts of green space as gauges for
appraising the importance of green areas with respect to LST. As a result, this study
discovered that the size and shape of the green areas in Irag had a substantial role in
decreasing overall LST. An equivalent study was prepared by Rajeshwari and Mani (2014),
who used Landsat-8 thermal bands to estimate the effect of vegetation on the LST of
the Dindigul District, Tamil Nadu, India. In this study, a split window algorithm was used
to retrieve LST. For this reason, they used NDV | to assess the emissivity over the study area.
As in the preceding study, the result exposed that the uppermost LST was discovered
over desolate land, and the lowermost LST was revealed over vegetated terrestrial cover.

Kwarteng and Small (2005), associated the dualistic metropolises within binary
dissimilar topographical places. The paramount one was within Kuwait City, Arabian bare
land region, while subsequent one was the City of New York. They both used Landsat ETM+
in addition to the temperature equation of satellite brightness to discover the LST. The
fallouts emphasized evidently that, in the City of Kuwait, LST was inferior compared to the
neigh boring desert areas because of the deficiency of dominant foliage in the adjacent zones.
As a result, nearly all of the land cover in the nearby areas conveyed higher solar energy
than in the urban background attributable to lack of evaporation process that indicates
varying the humidity heat. Contrary, in the city of New York, LST was sophisticated within

the developed zones compared to the contiguous regions due to the density of the vegetation
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that surrounded the city. Besides, it played a major part in the preservation of the air through
evaporating and received solar radiation. The study's outcomes exhibited that terrestrial
environments help the process of recording level LST in city areas instead of the surrounding
places. For example, Kuwait City that is situated in a desert area recorded a lower LST

compared to the surrounding parts.

In the same way, an identical study was carried out by (Frey et al., 2005), who
designated two coastal conurbations in the United Arab Emirates (Dubai and Abu Dhabi).
The two cities are found in a dry desert surroundings and their main reason for the
investigation was to scrutinize the part of metropolitan capacities in a dry surroundings
within relation to the production Urban Cool Island (UCI). The domino effect clearly pointed
out that the two cities were producing a daily UCI because of the albedo all over the place
in both cities (with respect to dry land that was higher compared to the urban areas). The

observation showed that the former surface had high temperature.

In addition, Habib (2007), used Landsat-5 TM to salvage LST in the Saudi
Arabian city of Dammam. The consequences of the study exhibited two important
arguments. The first point revealed that, it was discovered that well-planned metropolitan
areas controlled and reduced the LST. For instance, it is widely acknowledged in the
literature that the Central Business District (CBD) that was the main in the city, was alleged
to have an excessive LST. On the other hand, Dammam’s CBD documented a lower LST
compared to the neigh boring districts because of partaking a large quantity of greenery that
facilitated the lessening of LST compared to supplementary parts of the city. The second
point of the exploration recommended and encouraged the people to proceed with their
buildings and construction in the bare terrestrial at similar time as consuming adequate

quantities of green space to lessening LST.

In addition, the role of evaporation in the course of the spatial delivery of LST has
been premeditated. It was done by (Ahmed et al., 2005), in the Gezira area of Sudan's desert.
They took into consideration the aspect of SEBAL algorithm in order to work out the rate
vaporization. The analysis discovered that dehydration was an imperative consideration
while decreasing LST within the region and outcomes sustained the inkling. Back in 2001,
the proportion of vaporization was 4.36% over the stagnated areas, besides, 300.7 K degree
of the LST. Nevertheless, on unproductive terrestrial, within the very year, the LST recorded

313.6 K through a 0.0 proportion of evaporation. It had an apparent impact in terms of



vegetation decreasing LST by producing evaporation. Moreover, (Bounoua et al., 2009),
castoff Landsat ETM+ statistics to pinpoint the influence of an LST on the dynamic forces
of moving liquid, and the stability of carbon as well as external dynamism in the semi-arid
section of the residential area of Oran City in Algeria. The fallouts revealed and evidenced,
it was likely for an inner-city part to perform a progressive part in declining LST in parched
along with semi-arid regions. As exposed by the investigation, the metropolitan development
of the city in Oran had a fragile influence in terms of turning out an isle of heat in the area.
In addition, the domino effect exhibited that the dynamics of the pointers were affected in a
great way by the kind of cover in the piece of land and the recognized shrubbery. The major
important indicator was the decrease of LST besides carbon uptake. Accordingly, the study
acclaimed the ongoing procedure of creating in this area, in conjunction with establishing
and developing plants that were moderately significant in dropping LST and delivering an

improved background of persons existing in the city.

Zhang and Ban (2011), were using Landsat TM to explore the LST of Beijing. They
tried to examine the impact of urban development on LST at the heart of the years 2004 -
2009. NDVI was used as a consideration to extract surface emissivity. They discovered a
non-equal as well as non-concentric spatial outline dissemination of LST amongst the city
districts. Moreover, LST in Beijing’s city was different in various regions because several
outcomes recorded high LST whereas on the other side others recorded low LST.
Nevertheless, all of these constituencies were inside the conurbation and not in the suburban
areas. These striking dissimilarities between the districts were associated with green spaces
as well as thermal characteristics. Additionally, the investigation employed an association
examination between LST and NDVI, in 2004 - 2009. The fallouts were a negative
connection of -0.732 and -0.751 and in that order. In the same way, Saleh (2011),
premeditated Baghdad, which is Iraq’s capital city. He concentrated mostly on the influence
of the development of Baghdad City on LST in the middle of 1961 to 2001. A customary
arrangement technique was used based on high determination IKONOS statistics. The
investigation area alienated keen on seven diverse programs. A traditional simple calculation
was used to change the satellite numerical numbers to satellite illumination temperatures.
The research pointed out that the LST improved between the acknowledged years in line
with the modification of terrestrial vegetation cover relate to the human-made land cover.
For instance, in the orchard region, the LST stood at approximately 33.37 °C. Nonetheless,

on unproductive domains and built up zones, it stayed around 49.01 °C and 46.97 °C
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correspondingly. As a result, the exploration discovered an enlargement in the city of
Baghdad instigated a decline in shrubbery cover as well as triggering LST towards

intensification, particularly within parts that did not have plants.

Likewise in Vijayawada, India, (Kumar et al., 2012).The study was carried out on
the impact of diverse terrestrial concealment forms on the LST. The use of Landsat ETM+
was instigated as the main statistics, while investigators used satellite brightness heats
retrieved from the thermal band. Additionally, NDV1 was used for binary determinations: in
the first place, the recognition of an influence of foliage on LST; while the second, to
repossess acreage superficial emissivity on the basis standards of NDVI. An outcome
established relationship concerning LST and NDVI to be approximately -0.79. Furthermore,
with respect to this research’s outcomes, it looks as if the zones of vegetation had an
influential role to play in reducing and controlling LST in that they discovered the highest
LST to be noted down on the built-up land 320 K and the lowermost LST recorded in zones
of greenery, which was about 299 K.

A long way from examining besides discovering a correlation between land cover
and LST (Oluseyi et al., 2011), used Landsat statistics in the recognition of causes of
mosquito infiltration in Nigeria. The principal aim of the exploration was to benefit the
individuals in the region to overwhelmed delinquent that they encountered from the
mosquitoes conveying sickness. Consequently, two Landsat images were used between the
years 1995 and 2006. In general, the investigators watched for variations in using of lands
as well as the land cover, and the effect on LST. Accordingly, they were competent to
recognize the warmest places in the city and related the information to mosquito invasion.
The consequences established that alteration in covering of land and terrestrial use brought
changes in LST and, therefore, those zones that recorded large LST on the built-up area were
infected with mosquitoes. Apparently, the contradictory was grasped with standard LST in

the bodies of land covered by vegetation and water.

Besides, Oguz (2013), endeavoured to build a computer-based software package to
compute LST in a straightforward and quick way related to other methods. He organized a
program based on C++ using a single-channel algorithm to salvage LST using Landsat
thermal bands. It is significant to say that this tactic is one of the most precise methods for
calculating LST.



It is due to the usage of various variables in the course of computing LST. To
summarize, it can be assumed that there were certain goals amongst the literature that were
cast-off extensively and engaged in an investigation on LST within metropolitan parts. The
purposes included the influence of inner city of LST, the correlation in LST in diverse
categories of terrestrial asylum, as well as the essence of greenery among others. In addition,
various pieces of literature gave similar outcomes concerning the urban areas and LST. They
discovered that LST was higher in the city regions compared to the neigh boring areas.
However, as revealed in the works by (Ahmed et al., 2005; Kwarteng and Small, 2005;
Habib, 2007; Bounoua et al., 2009), particular literature showed a contradictory outcome.
The specification in the municipal regions, LST, was considerably lesser compared to rural
parts because of climatic besides geographical conditions of those regions in the deserting
addition, there was a kind of arrangement through the collected works concerning significant

role of greenery zones in scheming and dropping LST.

Consequently, through an examination designated in different landmark documents
on LST using the remote sensing statistics and its related procedures, it can be anticipated
that common objectives within the literature existed, used widely and were employed in the
exploration of land surface temperature using Landsat data. Nevertheless, the study clearly
acknowledged two definite research differences within the literature. The first gaps entail
the differences in the investigation regarding the systems used for salvaging LST. Therefore,
the exploration has tried to close the gap by the utilization of a correct method to compute
LST on Landsat Thermal band basis. The technique works on various parameters that help
to calculate LST in a proper way. Secondly, as showed openly in the literature, specific
thermal characteristic for every type of land cover was observed. However, it gives the
impression that there were almost no explorations on longitudinal circulation of LST in the
urban areas and the surrounding areas. Therefore, this analysis attempted to explore the
three-dimensional dissemination of the LST within Soran City and its adjoining region, and
concentrated on an association in the middle of LST and diverse nature of land cover, in
particular on the full land and vegetation. It was carried out by engaging the Radiative
Transfer Equation (RTE) through a Landsat-5 TM thermal band, along with incorporating
with a geographical Information system.

Mahmood (2017), the wonder of urban expansion is one of the major difficulties

fronting the authorities in responsibility of the administration and urban planning, especially



subsequently the growths of transport technology. Therefore the countries, especially
industrialised, appropriated scientific strategies and processes, which will border the
difficulties brought around via urban expansion. One of these strategies, is urban expansion
administration, via using spatial suitability models in GIS, to guide expansion into areas that
would lessen these difficulties to a smallest bounds. Soran city is one of the cities that
attracted important curiosity of the north of Iraq, resulted in theatrical evolvement within a

short retro of time.

A middle boxing a network is a device of computer networking which inspects,
filters, converts or differently manipulates traffic for aims other than forwarding packet. The
arrival of software defined networks means that a considerable value of current middle box

functionality may has the ability to work in the centralized controller.
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3. MATERIAL AND METHOD

3.1. The Research Context

The research context was in Soran-Erbil, Iraq, which is located in the northwest of
Irag, bordering Turkey and Iran as it shown in the Figure 3.1. Soran town is located about
120 km north east of Erbil, and 65 km west of the Iranian border, it also located between the
high mountains of Korek in east, Goraz,hassan bag in north, Bradost in west and in south
Handreen mountain, the main road of Hamilton from Erbil to Haji Omaran between 1928-
1930 is extended by engineer Hamilton passing through Soran town. Today the town has a
population of approximately 125000 most of which are refugees who returned from Iran to
Iraq within the last ten years.

Therefore the city has been expected to continue as the population is estimated to
reach 175000 in the next 10 years, the city of Soran is the field of study , it has an oval shape
, it is located in a thin valley between two parallel mountains and two revers pass through
the field of study one of them .

Soran town has a wet weather it has very heavy rain in winter and a hot summer,

the snow level in this area is a medium in winter, a rainy spring and green ground area.

The Field of study is located between latitude 36° 37' 6" N and the longitude 44° 34'
8" E and 400 to 660 m overhead sea level.

In soran town two big rivers is passing complete it and flows to the small tributary,
the Shekani river which is squirt from Iran and Balakayati region in Choman district is
passing by Soran town and flows to tributary, also the Bradost river in which squirt from the
high — lands of Bradost and Turkey likewise is following to the small tributary region, both

rivers in the future will be useful for Bekhal bund.

Which the total area of Soran town is 4850 ha in is used for planting and agriculture,

the rest of the land is inhabitancy and mountains, Soran, elevation is 660 meters.
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Figure 3.1. Research context

3.1.1. Geomorphological parts

In Common, Soran City falls in the little mountain zone and it’s roughly 400-660m
overhead sea level. Regarding the degree of sloppiness of the city is between 0-54.5 degrees.
By way of it is revealed in the Figure 3.2 and landscape features of Soran City could be
divided into three main parts.
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3.1.1.1. Mountains

Soran is located between five mountains Korek in east, Goraz, Hassan bag in north,
Bradost in west and in south Handreen mountain. The city and those mountains has taken a

line shape and very few areas of these five mountains fall into the study area.

3.1.1.2. Hilly areas

This topographical region is clearly seen in the north and east areas of Soran city.
Specifically, Esqgala region in the east and also the areas Zaniary, Qandil, Jundian, Balakean
and Bapshtian in the area. This unit is different from others because of the degree of slope

5-20 degrees.

3.1.1.3. Flat areas

Plain areas are recognized for the little degree of slope which is generally fewer than
5 degrees. And it’s located in the central areas of the research place, especially in the region

of Zanko, Bradost, Aelul, Galala and Handren.
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Figure 3.2. Topographic map of the study area
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3.2. Data Collection

Notably, the study involved primary and secondary data to ensure that the latter
complements the former while seeking to establish any parallels between the primary data
collected and the existing scholarly outcomes or contributions from secondary sources of
data (such as books, journals, and e-books covering the subject in related contexts). In
relation to primary data collection, two Landsat images were obtained. The sources of these
images were the Geo-referenced to UTM zone 38, WGS 84 and the USGS Earth Explorer
website. Furthermore, the two images were sourced from Landsat-5 TM with a 16 year gap
perceived to be adequate in establishing the degree of urban expansion and the resultant
differences in LST within Soran-Erbil, Irag. Explain in Tables 3.1 and 3.2.

Table 3.1. Landsat-5 TM metadata

Satellite | landsatTM5 landsatTM5

Date 16/07/1995 28/07/2011

Time 7:32:51 AM 7:27:47 AM
LTO5_L1TP_169035_19950716_20170107 01 T1 B  LTO5_L1TP 169035 20110728 20161007 01 T

Image ID 1 1

WRS

Path 169 169

Row 35 35

Projectio

n UTM Zone 38 UTM Zone 38

Ellipsoid  WGS 84 WGS 84

Table 3.2. GIS files and secondary data used in this study

Description

This is in PDF file format .It describes and shows the
Soran map chief land uses in the city from now until 2025.

Map of latest master plan of This is in PDF file format .It describes and shows the
the city chief land uses in the city from now until 2025.

S This an ArcGIS shape file. It contains information on
Map of major cities in Iraq the Iraq Border, the main towns and governorates.
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3.3. Software Used

To analyse the nature of LST variations among the images, ArcGIS 10.0 and version
9.2 of ERDAS IMAGINE 2010 were employed. Additional roles of these instruments lied
in their capacity to evaluate and map the outcomes. In relation to the regression analysis and
statistical analysis, Microsoft Excel was used and culminated into the presentation of data

via graphs and charts.

3.4. Satellite Image Analysis

The analysis of selected images was conducted via two approaches. The first
approach constituted two steps in which they were categorized by the means of supervised
classification before extracting NDVI values that projected LST. The second approach
involved the conversion and input of raster files into GIS environments for purposes of
facilitating numerical results manipulation and the ease of calculation. Specifically, the
analysis of these images entailed the adoption of the ArcGIS software to work on attribute
tables. The following Figure 3.3 illustrates the steps involved in analysing the images

towards better outcome provision.
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Figure 3.3. Theimage analysis process highlighted

3.4.1. The layer stacking procedure

Notably, seven different bands characterize Landsat-5 TM. Each of these bands is
stored independently in Geo-TIFF file formats. Therefore, a combination of the bands to
form one image leads to outcome analysis via combinations while enhancing visual-related
interpretations. The following figure 3.4 show the images after performing all Landsat-5 TM

bands layer stacking. Indeed, the layer stacking was performed for all bands except band 6.
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Figure 3.4. Resultant outcomes after layer stacking in relation to the Landsat images

3.4.2. Research context subset

Given the expansive nature of the initial Landsat images, ERDAS IMAGINE formed
an instrument responsible for the selection of the area of interest, Soran-Erbil. Imperative to
note is that the preparation of the subset area proved challenging but the aspect of remote
sensing aided in simplifying the procedure. Indeed, a section of the existing literature
advocates for the need to select subsets in a proper manner to ensure that it is adequately
large while striving towards the provision and highlight of the target context for the
specificity of the analysis (Campbell and Wynne, 2011). Then, the subset area selected is
included by longitudes 36° 37' 6" N and the longitude 44° 34' 8" E as such, the total area

selected was about 4850.28 hectares.

3.4.3. The pre-processing of images

The process of enhancing images aided in pre-processing. According to Lillesand et
al., (2008), the primary role of enhancing images lies in its capacity to foster improvements
in visual interpretability. Specifically, these improvements arise due to the better distinction
of features in the target zone. Therefore, this study adopted the tasselled cap (TC)
transformation to enhance the resultant images depicting the nature of the expanded urban
area of Soran-Erbil. It has also been documented that TC has its operations based on albedo
and brightness measuring. As observed by Armenakis et al. (2003), the extractions of these
attributes arise from the responses posed by all bands in the Landsat-5 TM (except the
thermal band). Studies by (Tso and Mather, 2009; Gao, 2009), revealed that the adoption of
TC transformation for purposes of image analysis exhibits two main advantages. One of the
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advantages is that TC transformation reduced the complexity witnessed during the
classification process (through the reduction of the degree of dimensionality in the space
features). Another merit is that TC transformation aids in the representation of specific
concepts that characterize axes of space features in focus; including the degrees of wetness,
greenness, and brightness). The representation has been documented to be achieved due to
the fact that TC transformation operates on the premise of the rotation of axes; suggesting
that variations among the perceived pixels. Figure 3.5. Additional documentation advocates
for the adoption of TC transformation with Landsat data because it accounts for over 90 %
of spectral variability available in target contexts, an observation that was made by
(Armenakis et al., 2003; Healey et al., 2005; Kiage et al., 2007; Huang et al., 2010). It has
been concurred further that TC transformation plays the critical role of squeezing or pressing
spectral data into fewer groups that depict the actual state of physical settings (Crist and
Cicone, 1984). In this study, the computation of an indicator of the TC transformation was
achieved via information from six TM bands that were linked. Out of these six bands, three

that are often used have been found to entail bands 1. 2 and 3.

Band 1: measures brightness in relation to the measure of differences in the degree of the

reflectance of the soil while.

Band2: measures greenness in relation to the varying degrees of vegetation abundance and

vigour. On the other hand.

Band 3: measures wetness in relation to the level of canopy moisture and soil interpolation.

The following Table 3.3 represents TC transformation coefficients regarding the
thematic mapper for bands 1-5 and 7 regarding the functions of wetness, greenness, and
brightness. Mather (2004).

Table 3.3. Represents TC transformation.

TM bands Bl B2 B3 B4 B5 B7
Brightness 0.3037 0.2793 0.4343 0.5585 0.5082 0.1863
Greenness -0.2848 -0.2435 -0.5436 0.7243 0.084 -0.18

Wetness 0.1505 0.1793 0.3299 0.3406 -0.7112 -0.4572

18



Figure 3.5. Results of TC transformation.

Urban is represented in yellow, vegetation is represented in turquoise and cadet blue,
agriculture is represented in sea green and dark olive green, water is represented in yellow,

and other land use is shown grey. Left image is 1995 and the right image is 2011.

3.4.4. The classification of images

In relation to the procedure of classifying images, the main aim was to assign values to digital
pixels. Specifically, the values were for satellite images and reflected different classes of
land cover. As observed by Mather (2004), image classification can be achieved
automatically through the assignment of these pixels to form specific groups of classes that
are known and are based on external data sources and analyst data while identifying each
class of land. The ERDAS FILE GUIDE (2011) holds further that study objectives seeking
to unearth the attribute of LST in urban zones can be achieved via the employment of
monitored categorization, classifying the land cover. Five types of land cover have also been
documented. The classes include water, agriculture, vegetation, urban, and other. In the
following Figure 3.6. Some of the steps that were employed during the supervision of

classification as adopted in this study are shown.
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Figure 3.6. Steps followed during supervised image classification

3.4.4.1. Selecting appropriate combinations of bands

In a quest to select band combinations in an appropriate manner, this study employed
the standard false colour composite. Specific bands included band 2 is green, band 4 is near-
infrared and band 3 is red. Indeed, it has been asserted that the selected band combinations
are highly appropriate for purposes of supervised classification in situations where Landsat-
5 TM images are used (Lillesand et al., 2008; Saleh, 2011). Regarding the specific
representations in relation to ground features, urban areas or man-made features are
represented by grey or dark slate grey while land cover constituting vegetation is represented
by shades of red. On the other hand, water is represented by dark blue while shades of green
to agriculture and gold represent to other land forms. The following Figure 3.6 illustrates the

respective colour representations in r elation to their depiction of landforms.
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Landast 5TM 1995 Landast 5TM 2011

Figure 3.7. Band combinations and colour representations of landforms 4, 3 and 2 in the
left for 1995 and right for 2011

3.4.4.2. The collection of training data

Informally, supervised classification has been perceived as the process through
which samples perceived to have recognized identities are used. Indeed, the procedure works
based on spectral pattern recognitions of the respective types of land cover in relation to
pixels in satellite images (Chuvieco and Huete, 2010; Campbell and Wynne, 2011).
Imperative to highlight is that selecting appropriate training samples is important because
the outcomes of supervised classification are dependent on the level of expertise of the
analyst. Similarly, the assembling of accurate training data is vital because it forms a
predictor of success while seeking to unearth the impact of processes such as urban
expansion on the degree of LST (Tso and Mather, 2009). From the recommendations by Gao

(2009), four critical steps were followed during the selection process.

The first step entails the assignment of pixels into the respective classes of land cover.
As noted by (Lillesand et al., 2008), an extensive distribution of land cover types over a
given context requires the selection of more pixels. Specifically, 40 pixels have been
suggested for the respective training samples while land cover classes have seen 20 training
samples suggested. A study by Mather (2004), indicated that in situations where certain types
of classifiers are likely or predicted to be common, the number of pixels in the training

sample could range from 10 to 30 times the number of features housed by each class. Hence,
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this study followed this first step recommended by (Gao, 2009), during the collection of

training samples.

The second step entails the selection of the training sample through boundary
delimitation around target pixels. Given the critical role played by the size of samples in
shaping the result, an identification of the respective sizes of samples was set in such a way
that it corresponded to class variations. An example of a case in which this second step is
fulfilled is a case in which an area of study or research context has one water body and the

sample size covers it in entirety, rather than focus on a particular section of the same.

The third step involves locating training samples. As observed by Chuvieco and
Huete (2010), the role of analysts lies in the collection of samples from the entire setting to
ensure that certain pixels or classes depicting specific classes of land covers are not missed.

Indeed, this study followed the step to assure outcome validity and reliability.

The fourth step has been documented to involve the determination of the degree of
uniformity, often depicted by spectral radiance (Gao, 2009). In this study, the fourth step
was followed by ensuring that the pixels selected for the respective classes depict unimodal

distributions in relation to the spectral bands utilized.

Of significance to note is that additional inputs are critical in relation to supervised
classification before applying the outcomes to various algorithms. Some of the sources from
which the respective inputs may be gathered include the field, maps of target contexts,
reports, and air photo analyses (Mather, 2004). It has also been documented that the
comprehensive understanding of geographical areas of interest and fundamental reference
data need to be adopted by image analysts (Lillesand et al., 2008). The classification process
has also had its success documented to lie in the aspect of ancillary data in relation to urban
areas because of the latter’s capacity to enhance contextual interpretations involving spatial
and spectral satellite data (Chuvieco and Huete, 2010). In this study, the aforementioned
aspects were achieved via maps of Soran-Erbil’s master plan and Google Earth’s ancillary
data to collect training data.

Similarly, information from Landsat-5 TM has been perceived to constitute medium
spectral resolution. As such, it becomes difficult to distinguish an urban area’s forms of land
cover due to the spectral characteristics; complexity as well as the presence of homogenous

pixels.
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Bhatta (2010), concurred that the accurate classifications of varying types of land
cover that represent urban regions are difficult to achieve when Landsat imagery data is used.
As such, this study’s objectives were achieved by ensuring that the identification focused on

the required classes only.

Specifically, the images separated by a 16 year period were classified into five
categories in relation to the study’s central objective. These classes included water,
agriculture, vegetation, urban, and other. In relation to urban land, specific features on focus
included man-made structures or infrastructure such as buildings, transportation, institutions
and a residential structures. On the other hand, vegetation included grass, trees, and shrubs.
In relation to the NDV1 values, the vegetation was classified into the one main types in which
NDVI values below 0.100 depicted a while those that would measure up to 0.100. In relation
to agricultural land, this study focused on arable zones or farming activities in which regions
characterized by annual replanting of crops would be considered agricultural in the land
area. Water bodies were considered as those that had significant water accumulations. Thus,
it was noted that some features would be man-made (Lillesand, 2008), while others would
be natural. Other classes were represented by unclassified areas and the presence of barren
land. According to (Anderson et al., 1976), barren land is that which is marred by limited
ability towards life support and less than one third of the area is covered by vegetation;

depicting an area with the dominance of rocks, sands, and thin soil.

Given that one of the leading objectives lied in the study’s quest to determine the
relationship between LST and the resultant nature of land cover in the urban context of
Soran-Erbil, the collection of training data conformed to the aforementioned criterion. In
turn, the outcomes were examined in relation to the inferences accruing from the researcher’s
experience in the area of study and other external sources of data. Indeed, the establishment
of these classes was informed by the need to assure content- and context-specificity while
seeking to understand the effect of urban expansion on the resultant state of LST, as well as
the tertiary effect of LST on aspects such as land cover.

3.4.4.3. Selecting the type of classifier

According to (Gao, 2009), three main types of classifiers exist. These types include
the maximum likelihood, the minimum distance, and the parallel-typed classifiers. Indeed,
each of these classifiers is associated with varying merits and demerits, with the maximum

likelihood and the minimum distance classifiers adopted in the majority of cases seeking to
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conduct image classification. In relation to the maximum likelihood classifier, an adoption
that gained adopt ion and implementation in this study, probabilities of the respective pixels
belonging to the respective class sets that are predefined are calculated before assigning these

pixels to classes perceived to exhibit the highest probability (Tso and Mather, 2009).

3.4.4.4. Class value re-coding

In the study, the use of the re-coding technique had its purpose lie in the need to
allocate other class numbers for one or all the classes in appropriate image file formats.
Therefore, the recode procedure played the critical role of input file creation via the new
class numbers. Therefore, the re-coding process in this study had its aim lie in three main
processes that included the need to determine new class values (using the interval, ordinal,
and ratio class numbering systems), the need to integrate the classes, and the need to reduce
the classes, fostering the recording process while establishing appropriate values for the
respective classes. Overall, the re-coding process facilitated the process of establishing LST
for the respective classes.

3.4.4.5. Classification accuracy estimation

The collection of training data sets aided in overseeing the procedure of
classification. However, Tso and Mather (2009), cautioned that there is a need to ensure that
the training data is adequate while excluding unrepresentative pixels. The eventuality is that
the classification process is deemed complete after assessing or evaluating the degree of
accuracy to determine the extent to which the analyst’s level of image classification, an
observation made by (Lillesand et al., 2008). Two methods have been documented to aid in
accessing remote sensing images to ascertain the resultant levels of accuracy. Attributes of
thematic and positional assessment have also been observed to play important roles in
determining these levels of accuracy in the images obtained via remote sensing. According
to Congalton and Green (2009), positional accuracy assessment implies that analysts handle
information regarding the features’ spatial distribution on the ground and on maps. The aim
of this procedure is to establish the manner in which the features are distributed on the actual
ground. On the other hand, thematic accuracy assessment implies that analysts focus on the
attributes or labels of a map’s features before ascertaining the possibility of the classified
image labels to give true feature labels. The most commonly applied method has been

observed to be the error matrix whose role lies in the selection of groups of random points
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among classified images before comparing the outcomes with images representing actual
scenes or feature son the ground. Therefore, accuracy assessment in this study was achieved
via the collection of 326 random points for the first image 1995 and 499 points for another
one 2011.

3.4.5. Change detection

According to (Singh et al., 2013), change detection plays an important role in the
structure information of change thematic data because it gives an insight into the central
processes related to changes in the land use and land cover. Specifically, the criticality of the
change detection process fosters the comparison of LC data to the information obtained
regarding the respective classes. For example, two types of tools responsible for change
detection may be applied when it comes to ERDAS IMAGINE software. These tools include
the matrix operation obtained via the GIS analysis menu and the change detection operation
from the utilities. This study utilized the matrix operation from a GIS analysis menu towards
the analysis of change detection. Specific steps included the supervision of image
classification before establishing LC variations in the 1995 image and the 2011 image. In
turn, a compilation was done in relation to alterations in quantitative aerial data of the
respective categories’ overall state of land cover or land use is exposed in Table 4.3. This
reports the comparative informations, collected for each class the final map depicting

changes was establishing via the labelling and clustering of the altered matrix classes.

3.5. Calculation and the retrieval of land surface temperature (LST)

From the literature review, various approaches are used to obtain LST data via
remote sensing tools that focus on the thermal infrared. Despite the existence of these many
techniques, three methods have been documented to be applied commonly. One of the
approaches is the single-channel method that is highly applicable to sensors with one thermal
band; including Landsat TM/ETM+. Another method is that which involves the split-
window or two-channel approach that remains suitable for sensors perceived to have at least
two thermal bands. Examples of these sensors are MODIS and ASTER. The third technique
entails the temperature and emissivity separation (TES) approach, a process that was
advocated by (Gillespie et al., 1998). To obtain reliable data, this study utilized the single-
channel approach towards LST data retrieval. Indeed, the seclusion of the Landsat
TM/ETM+ sensor was informed by the fact that it constitutes one thermal band (B6). It is
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further notable that the single-channel method was adopted due to the equation transferring
thermal radiance responsible for the conversion of satellite digital values into radiometric
values via the high and low gain values of satellites, an attribute that was concurred by
Markham and Barker (1986). The existing literature holds further that the single-channel
method may assume three approaches that include Jimenez-Munoz and Sobrino (2003),
algorithm, the Mono-window algorithm advocated by (Qin et al., 2001), and the Radiative
Transfer Equation (RTE). This study adopted the RTE system. In relation to the atmospheric
parameters obtained via MODTRAN radiative transfer, the difficulty of retrieval was
handled via the use of (Barsi et al., 2005), online atmospheric correction parameter
calculator. The following Figure 3.8 summarizes the process of calculating and retrieving

LST, a procedure adopted by this study.
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Figure 3.8. an illustration of the conversion of Landsat thermal band into LST
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3.5.1. Converting digital values to radiance

The first step is converting thermal band values to radiance. The existing literature
highlights that objects with temperatures above zero Kelvin are marked by electromagnetic
energy emission. As such, those signals that are generated via thermal sensors of Landsat
TM/ETM+ occur in the form of digital numbers (DN). And are stored in the same form. As
such, the DNs were converted into the top of the atmosphere (TOA) radiance or space
reaching radiance as shown in the equation that follows, (Markham and Berker, 1986;
Thorne et al., 1997; Chander et al., 2002; Chander and Makham, 2003).

Lmax—Lmin

LA QCAL max —QCAL min (DN — QCAL min +Lmin) (3.1)

Where: Ly = spectral radiance at the sensor’s aperture in W/ (mzsr pm); QCALmax
= the uppermost point of the rescaled glow in DN; QCALmax = the lowest point of the
rescaled radiance in DN (1 for LPGS, 0 for NLAPS); Lmax = the TOA radiance that is scaled
to QCALmax in W/ (mzsr pUmM); Lmin = the TOA radiance that is scaled to QCALmin in W/

(mzsr pm).

3.5.2. Converting reflectance via the adoption of atmospheric correction

In the study, atmospheric correction played the critical role of obtaining reflectance
after the conversion of the radiance values derived from computations in the first equation.
As such, the process of conversion assumed the procedure advocated by Chavez (1996), who
indicated that the main advantage of adopting atmospheric correction as that which aids in
converting radiance values to reflectance lies in the capacity of the image itself to provide
the data required for conducting atmospheric correction procedures., the atmospheric

correction in relation to the earth’s degree of reflectance is computed as shown in equation

2 below. (Sobrino et al., 2004).x. (Ly-Lh).d% "ESUN;.cos0s.t

o _ m.(LA-Lh).d?

p (3.2)

" ESUN A.cosBs.t

In this case, 1 is the degree of atmospheric transmissivity while 0s represents the
solar zenith angles, depicted in degrees. Similarly, ESUN, represents the mean solar exo-

atmospheric irradiance, d represents the distance from the earth to the sun and is expressed
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in astronomical units, L is the radiance accruing from interactions between the atmospheric
components such as aerosols and other molecules and the electromagnetic radiance, and pp
refers to the unitless planetary reflectance that is atmospherically corrected. It is further
notable that equal (3.3).

Lh=Lm-L1% (3.3)

(In which L1% is one percent the dark object’s theoretical radiance and Lm the radiance
corresponding to the DN value of the dark object).
Lm cab be computed in Eq (3.4)

Lmax — Lmin
QCALmsc L= Lin +DNin( e 34
Where:DNmin = the dark object DN value (minimum DN value)
The term L1% is given by Eq. (3.5):
- 4 0.01.cosOs.tT.ESUNx
L% = d? (3.5)
tcan be obtained according to Chavez (1996) in Eq (3.6):
T=cos0s (3.6)

(Sobrino et al., 2004), compared Chavez’s (1996) method to the simplified
method for atmospheric correction (SMAC) and found that both methods resulted in
similar results. For this reason, Chavez’s (1996) method is rummage-sale for atmospheric

correction.

3.5.3. Determining the degree of NDVI (Normalized difference vegetation index)

Spectral reflectance indices are important tools for evaluating photosynthetic traits.
The normalized difference vegetation index (NDVI) is one of the maximum broadly utilized
vegetation indices as an indicator of canopy green area and it is associated with grain yield
as well (Tanriverdi, 2003). In studies whose central focus lies in the determination of LST,

NDVI values have been found to play a leading role in shaping the nature and level of
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success of the outcomes. The criticality of adopting NDV1 values during the monitoring of
the status of vegetation cover has also been observed to be informed by the fact that it is one
of the indices that are less sensitive to alterations or variations in the atmospheric conditions
(Tso and Mather, 2009). As such, this study adopted NDV I with the intention of establishing
evaluations of the nature of relationship between NDVI and LST. The eventuality was a
derivation of land surface emissivity, a parameter that remains vital in cases where a split
window algorithm is used. The two most important Landsat-5 TM bands on focus were the
red (R) band 3 and the near infrared (NIR) band 4. In this study, these two bands were
adopted because green leaves or healthy vegetation has its reflectance exceeding 60 %, with
the wavelengths 0.7 to 1.3um associated with band 4. In relation to band 3, the maximum
reflectance value is documented to be 20 % with the wavelengths ranging from 0.5 to 0.7um
(Gao, 2009; Tanriverdi, 2010; Zhang, 2011). Therefore, the exact NDVI values were
extracted in relation to the atmospherically corrected reflectivity of Landsat TM/ETM+
bands as follows Eq.(3.7)

NIR—RED

NDVI= 37rRED

_ Pband4—Pband3
NDVI= Pband4—Pband3 (3'7)

In this case, prand3 represented band 3’s spectral reflectance while poands represented band 4’s

spectral reflectance.
3.5.4. Focusing on the ndvi and emissivity

3.5.4.1. The use of ndvi thresholds to estimate land surface emissivity

With the help of thermal infrared wavelengths, temperature estimations were
achieved by measuring radiation emission by ground objects. The aim of this procedure lied
in the provision of radiant temperature of target bodies because the latter shape the resultant
degree of emissivity (Prakash 2000). Hence, the retrieval of data concerning the degrees of
emissivity played a crucial role in achieving accurate results. Important to note is that
emissivity aids in measuring the level of radiance on or in black bodies while seeking to
assure the prediction of emitted radiance and its resultant level of efficiency towards thermal
energy transmission into the air. Sobrino et al. (2008), asserted that emissivity (&) ought to
be known because the outcomes aid in estimating the temperature of land surfaces. In a study

by Zhang et al. (2006), three methods of estimating emissivity on various land surfaces were
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proposed. These forms included the use of ratio values, the use of image classification, and
the adoption of NDVI values of bare ground and vegetated lands. Despite the existence of
these varying forms, Ifatimehin (2007), advocated for the adoption of NDVI values due to
their capacity to their ability to yield reliable outcomes regarding highly heterogeneous
surfaces and vegetated surfaces. From the observation, this study adopted NDVI values

while determining land surface emissivity as follows:

E= Svegif NDV|>05
€ = Esoil if NDV1<0.2

€ = (&veg. PV) + &s0il (1-Py) if 0.2<NDVI<0.5

In this case, Pyrepresented the fraction of vegetation cover while eveg implied the
degree of vegetation emissivity. On the other hand, esoii depicted the degree of soil
emissivity. As observed by Sobrino et al. (2004), the degrees of vegetation emissivity and
soil emissivity can be estimated to be 0.99 and 0.99 respectively. When these values are
applied and/or substituted in the equation above, outcomes may be obtained as follows:
€=0.97 if NDVI<0.2

€=0.99 if NDVI>0.5

€=0.004. Pv + 0.984 if 0.2<NDVI<0.5
Pvis calculated as shown in Eq. (8) (Carlson and Ripley, 1997) similarly,
_( NDVI-NDVI min )2
V"\NDVImax —NDVI min

(3.8)

Indeed, NDV Inin = 0.2 and NDVImax = 0.5

3.5.4.2. Using image classification to estimate land surface emissivity

Prior to the adoption of this procedure, the role of the researcher lies in the
classification of satellite images (Landsat TM/ETM+) into categories based on the nature of
land cover and land use operations. For this reason, the emissivity from a pixel is determined
by land objects and their emitting directions (Wan and Dozier, 1996). Some of the processing
packages that can be adopted and implemented regarding this classification process include
ENVI and ERDAS IMAGINE. It is further notable that the LST tool supports 10 land cover

classes and land use classes on the maximum side. In turn, integer values ranging from one
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to ten are assigned to the respective classes while supporting the preparation of classified
images. As observed by (Watson, 1992; Snyder et al., 1998), papers that are obtained in the
end can be used as sources for retrieving the emissivity values for all land cover and land
use. It has been asserted further that the level of classification accuracy determines the nature
of the final LST outcomes in relation to the emissivity values and classified images
representing classes of land cover (Oguz, 2013). In this study, corrections targeting the
effects of emissivity were achieved via the assignment of emissivity values to each category
of land cover while focusing on image classification. Numerous objects have been printed
guessing the emissivity standards of pulverised objects to mitigate the result of emissivity
on derivative LST (Watson, 1992; Gillespie et al., 1998; Snyder et al., 1998). Snyder et al.,
(1998), situations that correction of the result of emissivity can be attained by transfer an
emissivity price to apiece land cover category of the classification image. According to the
literature land surface emissivity varieties from 0.950 to 0.990 (Lillesand et al., 1994;
Nichol, 1994; Snyder et al., 1998).

3.5.5. Kinetic temperature calculation

Given that this was an absolute temperature study, it was important to remove
atmospheric effects. Barsi et al. (2005), affirmed that the atmosphere tends to attenuate the
ground’s energy emission. To address these potential impacts of the atmosphere, TOA or
space-reaching radiances were converted to achieve surface-leaving radiance. Specifically,
the MODTRAN radiative transfer (an atmospheric correction tool) was applied. Some of the
parameters that the tool aided in estimating included the down-welling radiance, the
upwelling radiance, and the atmospheric transmission. Upon retrieving these parameters,
TOA or space-reaching radiances were determined and converted into surface-leaving
radiances. The following equation illustrates the conversion process adopted by this study
while striving towards the realization of surface-leaving radiances with the Eq. (9) (Barsi et

al., 2005).
LA-Lp—-t(1-¢)Ld

T.E

Tr

3.9)

Indeed, black body targets, which had kinetic temperature (T), were depicted by
radiance (Lt). On the other hand, Ly constituted the top of atmosphere or space-reaching

radiance while L, formed the atmospheric of upwelling path radiance. Similarly, &€ formed
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the surface’s emissivity, T the level of atmospheric transmission, and Lg the sky radiance or

down-welling.
3.5.6. Calculating land surface temperature (LST)

From Planck’s function, the achievement of satellite brightness temperature upon
converting spectral radiance lies in the alteration of DVs into the spectral radiance. Whereas
the current study adopted an alternative equation, the outcomes were similar to those that
would have been obtained in a situation where Planck’s function was used. The specific
equation adopted was that which was advocated by Markham and Barker (1986), which
holds that a unit radiance comes in the form of W/ (m?srum) while the aspects of emissivity
and transmission remain unitless. To determine the degree of land surface temperature, the

following equation was adopted:

T = A -273.15 (3.10)
B in(k1)+1 ' '

LT

Specifically, T represented the level of brightness temperature of the satellite in
Celsius while Kz and Ky indicated Landsat TM’s spectral radiances in Band 6 at 1260.56 and

607.76 respectively. On the other hand, Lt constituted the spectral radiance of the satellite.

3.6. Outcome conversion into GIS contexts

According to Hodgson and Jensen (2005), data that has been obtained via images
that are remotely sensed tends to occur in terms of pixel values. The pixels are
representations of ground locations via X, Y information. Indeed, the outcome is responsible
for the remote derivation of information that is applied in relation to other information in the
modelling procedures that include GIS. By converting data that is remote sensed into GIS
settings, geographical and numerical analyses are achieved. A specific example of this
application is a case in which LST’s mean values are extracted for the respective districts
and classes of land cover to map out the outcomes accordingly.

In this study, the perceived or intended objectives were achieved via the use of the
GIS approach during the analysis and evaluation of spatial data. For example, all the
outcomes were directed to the ArcGIS software that aided in the reclassification of raster

images, upon which raster-grids were obtained. Indeed, image reclassification played the
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crucial role of value moderation in the given inputs while achieving alterations or changes
to the output raster that resulted. The eventuality was the production of unique values, with
the class freed of the background. In turn, the reclassified images were combined with LST
image outcomes for the respective classes. This conversion of the results into a GIS
environment culminated into the conversion of the town’s city maps into a polygon shape
with the aim of achieving independent LST values representative of each district. The
following Figure 3.9 illustrates the summary of the methodology used during the data
collection process, a process that formed a foundation for obtaining the findings, providing
the discussion, inference making, and the conclusion and recommendations regarding the

impact of urban expansion on attributes such as LST.

Classified Images
Urban Vegetation Water Agriculture Other
Conversion Conversion Conversion Conversion Conversion
to Raster- to Raster- to Raster- to Raster- to Raster-
Grid Grid Giriid Giriid Grid
Reclassify Reclassify Reclassify Reclassify Reclassify
Grid Data Grid Data Grid Data Grid Data Grid Data
City
districts 1 L5T image
MAPS
+ Extract By Mask
Convert To
Paolygon
1
Extract by
Mask
Vegetati Agriculture
Urban-LST Bl Water-LST iy Other-LST
Cutput Output Cutput Output Crutput
+
Output

Figure 3.9. An illustration of the outcome conversion into vector file formats (from raster

file formats) in GIS contexts
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4. RESULTS AND DISCUSSIONS

4.1. Outcome classification

To achieve the process of land cover class categorization in relation to the
accompanying detection of alterations in the various categories of land cover classes
between the years 1995 and 2011, this study utilized the supervised classification approach.
As it show in the Figure 4.2 and 4.3. Notably, the utilization of the supervised classification
procedure was based on Landsat-5 TM. From the findings, the 16 year period is marked by
significant variations in the nature of land cover. Specifically, the grey colour on images
depicted urban land containing roads and buildings while the red colour represented
vegetation in the entirety. On the other hand, while the rest of the features saw the blue colour
represented water accumulation and agricultural land depicted by the green colour. Gold
colour represents the latter aided further in depicting land surfaces with rocks, sand, and thin
soil.

Specific outcomes indicated that the target region had the 1995 image depicting the
presence of vegetation and accounted for about 17.46 % of the entire land. Later, the image
depicting the physical nature of the landscape saw the area under vegetation reduce
significantly to just over 11.8 % of the land cover. Hence, the urban land in Soran-Erbil was
noted to have undergone significant alterations or changes in terms of the physical
environment or landscape. Large-scale and fast expansions are observed to have accounted
for these significant changes in the target zone. One of the effects of this reduction in the
degree of vegetation in Soran-Erbil area remains attributed to the issue of climate change
whose trickle-down effect is felt in terms of drought. Another reason accounting for the
reduction in the cover of vegetation is seen to lie in the decline in water levels of capacities.
A reduction in agricultural land cover (as a consequence of urban expansion) is also seen to
assume a related trend whereby the cover was about 13.44 % in 1995 but urban-related
activities have seen the decline read about 11.4 % of the cover; attributed to built-up areas
in relation to urban activities that are ever expanding in Soran-Erbil, Irag. In relation to water
and other classes of land cover, an increase in coverage is observed. With the increase
indicating a 1995 reading of 4.34 % to 2011°s 1.37 %, the trend is attributed to the higher
presence of man-made dams perceived to collect water during rain seasons, with the two
images collected in close months. Therefore, changes in water cover were less significant

when compared to other features while other classes revealed an increase from 19.76 % 1995
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to 18.14 % 2011. In summary, the 16 year period revealed a 12.26 % increase in urban land
coverage due to the process of expansion. Regarding specific classes, vegetation decreased
by 5.66 %. Similarly, land cover under agriculture and because of urban expansion in Soran-
Erbil was found to be 2.04 %. Water bodies or coverage decreased by a less significant
percentage at 2.97 % while other features revealed a decrease in cover of 1.62 %, see Table
4.1.

The following Figure 4.1 illustrates a summary of this study’s outcomes regarding

the nature of urban expansion and its resultant impact on the various classes of land cover.

Table 4.1. Summary results of LU/LC change between 1995 and 2011

Areain(ha) Areain(ha) Coverage Coverage Changes

Class name 1995 2011 1995% 2011% % Remark
Urban 2181.51 2777.67 4497 57.26 12.26 Increase
Vegetation 847.17 572.76 17.46 11.8 5.66 Decrease
water 210.78 66.87 4.34 1.37 2.97 Decrease
Agriculture 652.14 553.05 13.44 114 2.04 Decrease
Other 958.68 879.93 19.76 18.14 1.62 Decrease
Sum 4850.28 4850.28 99.97 99.97 24.55
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Figure 4.1. Changes in land cover due to urban expansion in Soran-Erbil
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Figure 4.2. Changes in land cover as observed in the 1995 image
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Figure 4.3. Changes in land cover as observed in the 2011 image

4.1.1. Focusing on the assessment of accuracy

After the process of classifying the land cover, this study proceeded to assess the
degree of accuracy in relation to the resultant classification of various classes or categories
of land cover. Notably, the study employed the error matrix approach. Specifically, a total
of 326 points were selected randomly for purposes of assessing the degree of accuracy of the

classification process for 1995 image and 499 points for 2011 image as shown in Figure 4.3.
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With a kappa 0.93, the degree of accuracy of the image representing the land cover of Soran-
Erbil in 2011 was 96 %. On the other hand, the 1995 image had a kappa 0.93 and had its
degree of accuracy in relation to the classification process lie at 95 %. From the findings, it
can be inferred that the findings were highly reliable and valid because of the significant

level of assessment accuracy achieved. These outcomes are depicted in the Table 4.2.
Table 4.2. Classification accuracy for years 1995 and 2011

The result of error matrixin 2011

Line Producer's User's
Urban Vegetation Water Agriculture Other Accuracy

total Accuracy% %
Urban 299 3 3 2 1 308 99.01 97.08
Vegetation 1 53 1 0 1 56 92.98 94.64
water 0 0 4 0 0 4 44.44 100
Agriculture 1 1 57 0 59 93.44 96.61
Other 1 1 0 2 68 72 97.14 94.44
Top raw 308 56 4 59 72 499
Classification Accuracy = 96.39%
Kappa Statistics = 0.9377

The result of error matrixin 1995
Line Producer's User's
Urban Vegetation Water Agriculture Other Accuracy

total Accuracy% %
Urban 134 4 2 1 2 143 97.84 93.79
Vegetation 2 55 0 0 57 88.71 96.49
water 0 1 13 0 0 14 86.67 92.86
Agriculture 1 0 0 43 0 44 95.56 97.73
Other 0 2 0 1 63 66 96.92 95.45
Top raw 145 57 14 44 66 326

Classification Accuracy = 95.09%
Kappa Statistics =0.9315

4.2. Analysing change detection

4.2.1. Focusing on the 1995-2011 period

In re mote sensing practices, change detection aids in determining potential

alterations or variations in the nature of features over a given period. For example, change
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detection aids in highlighting spatial characteristics and quantitative and qualitative data

outcomes in relation to changes in the land cover features. Specific attributes on focus in this

study included an examination of the type of changes experienced such as boundary

variations and ground type or surface changes. In relation to the 1995 and 2011 images, this

study established that there was a significant increase in urban expansion in Soran-Erbil

while some of the classes that included agricultural land cover and vegetation witnessed a

significant decline in coverage. Indeed, it was inferred that the change in the nature of land

cover in this research context was due to the people’s movement or migration to urban

regions, a spatial trend characterizing the period ranging from 1995 to 2011. With the grey

colour depicting change. As shown in Table 4.3, the outcomes of change detection and its

accompanying analysis are presented in the following Figure 4.4.

Table 4.3. Change detection between1995-2011.

1995 LULC (ha)

2011 LULC Class
(ha) Urban Wegetation Water Agriculture Other total
Urban 17406.00 2239.20 952.20 3241.80 3937.50 27776.70
Vegetation 674.10 3463.20 185.40 293.40 1111.50 5727.60
water 289.80 19.80 319.50 16.20 23.40 668.70
Agriculture 1104.30 285.30 542.70 2004.30 1593.90 5530.50
Other 2340.90 2464.20 108.00 965.70 2920.50 8799.30
Class Total 21815.10 8471.70 2107.80 6521.40 9586.80  ...cceeeeeenne
Class Change  4409.10 5008.50 1788.30 4517.10 6666.30  ..ccoevecieenne
Image 5961.60 -2744.10 -1439.10 -990.90 -787.50 .o
difference
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Figure 4.4. Change detection between the years 1995 and 2011

4.3. Land surface temperature retrieval

As mentioned earlier, this study adopted the Radiative Transfer Equation (RTE)

during the retrieval of land surface temperature for Soran-Erbil. The aim of the RTE equation

was to promote the mapping out of LST spatial variations between the years 1995 and 2011.

It is further notable that the RTE equation was used alongside the GIS method for purposes
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of allowing geographical and numerical analyses of LST temporal and spatial distribution.
Upon mapping out the resultant states of LST temporal variations during the 16 year period,
sequential colours representing various degrees were obtained and highlighted as shown in

the Figure below 4.5.
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Figure 4.5. LST outcomes for the year 1995

42



44°29'30"E 44°35'0"E

36°41'0"N- -36°41'0"N

36°35'30" N

Legend

LSTin °c 2011
P— High : 54 1

| mm— -
Loz 248 0 175 35 7 Km

36°30°0"N- -36°30'0"N

E Boundary of the Districts

44°29'30"E 44°35'0"E

Figure 4.6. LST outcomes for the year 2011

The LST results shown in Figure 4.6 from deferent years above, the two images
indicate that the hottest regions lie outside the urban zone of Soran-Erbil. On the other hand,
cooler regions are seen to lie within the urban region as well as water bodies or
accumulations and other classes of vegetation. As such, the LST outcomes obtained by this
study failed to concur with a majority of the existing literature, which highlights that urban
areas exhibit a higher likelihood of experiencing higher temperature when compared to the
surrounding or neighbouring zones. The inference is informed by the findings in which the
LST values within the urban zone are lower than the values obtained for regions outside the
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city in both years. However, the outcomes concur with the findings by (Kwarteng and Small,
2005; Ahmed et al., 2005; Habib, 2007; Bounoua et al., 2009). Regarding the change in
temperature, the study established an LST increase by five degrees Celsius when the total
area was examined and the maximum LST increased by 3 °C, reaching 51 °C in the year
2011 when compared to 1995’s value of 54 °C. Similarly, the least LST value was found to
increase 6 °C from 16 °C for the year 1995 to 22° C for the year 2011. Various factors were
also found to be attributable for the resultant changes in the minimum and maximum LST at
Soran-Erbil. One of the factors included time variations regarding when the images were
taken. Another reason entails significant environmental problems that the region may have
faced in the 16 year period. These effects include drought and desertification. The third factor
involves a significant decline in vegetation cover, an aspect that this study found to pose a
direct influence on the resultant state of LST value. Specifically, groups of vegetation such
as agricultural, and vegetation revealed a decline from 55 % to 42.71 % in the 16 years
period. The trickle-down effect of this reduction was attributed to the decline in the level of
humidity. Notably, the significant increase in the maximum LST (that depicted a range of
five) was linked to potential errors in the approach associated with pixels, with satellite
image-retrieved LST temperature dependent on the degree of reflectance of the pixel. As
such, a higher pixel reflectance is likely to have led to higher LST; attributed to operations

such as construction activities at the time the image was taken in 2011.

4.4. Land surface temperature spatial distribution

According to Voogt and Oke (2003), LST retrieval in an urban zone is highly
dependent on the nature of balance of the surface energy. Therefore, differences in LST
distribution in an urban zone remain dependent on the nature of building construction
materials that include mud, rock, concrete, and asphalt. In addition, LST distribution is
shaped by differences in the type of land cover, including water, green regions, and
buildings. In this study, GIS approaches were employed towards the investigation of LST
spatial distribution and this step aided in the identification of the region’s cool and hot zones.

Image data in 1995, the spatial LST patter was non-concentric and non-equal Figure
4.6 and 4.7 and Table 4.4. Therefore, the highest temperatures were associated with regions
located close to the urban region of Soran-Erbil. For example, Sarchan, Balakian, Xabat,
Bapshtian, Bnar, Goraz, Nahri , Barxudan, Zozik, Raparin, Isqalla, Jundian were identified
as having the hottest surface temperatures 43, 42, 42, 42,41, 41, 40, 40, 40, 40, 40 and 40
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°C, respectively. The cause of this trend was that which lied in the presence of hard surfaces
or open areas in these regions located around the urban zone, having little or no cover. In
addition, it is important to note that other hot place was found in the district of Sarchan. The
presence of buildings with aluminium roofs formed another factor responsible for the high
temperatures around the urban zone. Specifically, these roofs would emit thermal energy
because of activities in institutions such as factories. Furthermore, the districts which were
newly built during this period have a higher surface temperature compared with older zones.
For instance, Shahidani Delzian and Zanko, which were new districts built in 2011, have an
LST of 44 °C and 45 °C.

Regarding the 2011 data, dissimilar outcomes were received in such a way that the
spatial LST patter was neither concentric nor equal. However, urban expansion accounted
for the changes in LST when compared to the 1995 data because of a lake of vegetation
cover (Gartland, 2008). Therefore, the mean LST for the former year was higher when
compared to the latter year (as revealed by this study). The newly built districts in both years
exhibited different outcomes in terms of recording higher temperatures when compared to
the LST data revealed by older districts. The outcomes discovered that the expansion of the
city over the dry lands surrounding the city led to a decrease in LST of about 2°C in some
anew built districts as can be seen from the blue colour on the map, though the red colour
mentions to an increase in LST of more than 2°C thus, the expansion of Soran City over the
other land cover in this region has led to a control and discount of LST see Figure 4.9.

This outcomes completely matches that of other studies which were 47 done in near like
geographical situations such as the studies by Habib (2007), Kwarteng and Small (2005),
Frey et al. (2005), in which they pointed out that constructing buildings over dry and desert

land is a way to control the increase in LST and produce urban cool islands (UCI).
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Table 4.4. Give the following data: Mean LST in °C of main districts in Soran City on 16-
07-1995 and Mean LST in °C of main districts in Soran City on 28-07-2011.

No | name of mean mean | NO | name of mean mean
districts LST LST districts LST LST
in °C in °C in °C in °C
1995 2011 1995 2011
1 | Sarchan 43 43 23 | Dilman 39 40
2 Bnar 41 45 24 | Zaniyary 38 40
3 | Kani 39 41 25 | Bapshtian 42 43
4 | Balakian 42 42 26 | Isqalla 40 43
5 | Goraz 41 42 27 | Wasta Rajab 39 41
6 Brayati 36 39 28 | Jundian 40 42
7 Diyanaykon 34 38 29 | Sarwaran 39 40
8 | Srwa 38 39 30 | Azadi 37 40
9 Baxtiyari 38 38 31 | Sarwuchawa 39 39
10 | Aylul 37 38 32 | Korek 39 42
11 | Nawroz 38 39 33 | Barzan 40 41
12 | Galala 39 40 34 | Qandil 40 42
13 | 26 Gulan 38 38 35 | ZawiBatal 38 40
14 | ChamiRezan 38 39 36 | ShahidaniDelzian - 44
15 | Nahri 40 42 37 | ZawiBatal - 43
16 | Barxudan 40 40 38 | Bradost - 42
17 | Zozik 40 42 39 | Xwakurk - 42
18 | Raparin 40 41 40 | Awara - 42
19 | Handren 39 40 41 | Zanko - 45
20 | Harem 39 40 42 | Cham - 45
21 | Xabat 42 39
22 | Shorsh 37 39
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Figure 4.7. Spatial distribution of LST in the main districts of Soran City on 16-07-1995
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Figure 4.8. Spatial distribution of LST in the main districts of Soran City on28-07-2011
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Figure 4.9. Change detection map based on LST for 1995 and 2011
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4.5. Examining the correlation between LST and various land covers and land uses

From the findings, differences in LST are dependent on a number of factors that
affect the ground’s heat processing; including vegetation abundance, albedo, emissivity of
the land surface, and the level of soil moisture (Weng et al., 2004). Hence, each form of land
cover is unique and plays a similarly unique role in shaping the nature of LST. In a quest to
establish the relationship between LST and various land covers, LST maps and the classified
images were exported to the ArcGIS software to link the respective classes with LST values.
The eventuality was the extraction of the mean LST for the respective types of land cover.
With alterations in environmental and climatic conditions of the region, a general increase
in LST was observed when the overall outcomes obtained from the 1995 image were
compared to those of 2011. Specific, areas with vegetation were marked by a temperature of
34 °C in 1995 when compared to 40 °C for the year 2011 in Soran-Erbil. Similarly, water
bodies recorded the lowest temperature in the 16 year period in which the study established
33 °C for the year 1995 while the outcomes for the year 2011 revealed 38 “C. Despite the
presence of the least temperatures for both years in relation to regions with water bodies or
water accumulation, it was still evident that an increase in temperature was evident and the
outcome concurred with the findings established regarding other land covers such and
vegetation. Hence, in recorded cases, the ‘other class’ consisted of barren land which
typically records a high LST due to the lack of vegetation to save the land from the warmth
of the sun, and any transpiration cooling due to the existence of plant life (Weng et al., 2004).

Notably, the highest LST value was established for other land covers and open
classes when compared to the urban land cover due to the potential impact of the time when
these Landsat TM images were taken. Specifically, the images had been taken during the
mid-morning hours and, as observed by Abdullah (2012), urban areas are more likely to
become warmer on a slower basis and cool more slowly. The following Figure 4.10

illustrates the mean LST values for the various land cover classes in the years 1995 and 2011.

50



LST in °C

45
40
35

30 —
25
20
15
10

5 — |

0

URBAN VEGETATION WATER AGRICULTURE OTHER

HWLSTin 1995 MLSTin 2011

Figure 4.10. A depiction of the mean LST values for the respective land cover classes

4.6. In relation to the correlation between LST outcomes and NDVI

From the existing literature, it is evident that vegetation forms a critical indicator
responsible for controlling LST outcomes (Honjo et al., 2004; Ahmed et al., 2005; Habib
2007; Bounoua et al., 2009; Saleh, 2011 and Kumar et al., 2012). In this study, the
normalization of NDVI mapping assumed the range -1<=NDVI<=1. Whereas the positive
values aided in depicting reflective or vegetated surfaces, negative values depicted the
presence of non-reflective, non-vegetative, and water surfaces. Figure 4.9 shows the NDVI
map for the study area for both years below concern.

Upon NDVI value extraction, this study revealed a significant change in the nature
of vegetation cover. Specifically, vegetation cover and agriculture indicated a general
decline from 21.8 % to 13.17 %, the former representing the 1995 outcomes and the latter
highlighting the 2011 outcomes. Therefore, greener spaces depicted the highest NDV1 values
while barren land surfaces were associated with the lowest NDVI values. Water surfaces and
urban lands were also associated with the lowest NDVI values, an attribute that was linked

to the practice of urban expansion.
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Figure 4.11. NDVI map for 1995
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Figure 4.12. NDVI map for 2011

To determine the actual nature of relationship between vegetation cover and LST

value outcomes, the Pearson’s coefficient analysis was adopted. The relationship between

NDVI and LST was also established by employing the linear regression analysis see Figures
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4.11 and 4.12. For each image, similar coordinates for NDVI and LST were established and
40 random points selected separately see Tables 4.5 and 4.6.

From the findings of the Pearson correlation coefficient analysis, NDVI and LST
values exhibited a strongly negative correlation, for example the correlation result in 1995
Is-0.81,and in 2011 itis -0.78. Hence, the outcomes concurred with the findings established
by (Honjo et al., 2004; Ahmed et al., 2005; Habib, 2007; Bounoua et al., 2009; Saleh, 2011,
Kumar et al., 2012). The R-squared values were also extracted for purposes of determining
the degree to which variations in LST were likely to be predicted by NDVI values. Whereas
the R-squared outcomes for the year 2011 revealed a value of 0.61, outcomes for the year
1995 revealed a value of 0.65. Indeed, these values are highly significant and suggest that
NDVI plays an important role in shaping LST outcomes. This inference is informed by the
strongly negative correlation that this study established regarding the relationship between
LST and NDVI. Therefore, vegetation cover is important and determines the nature of LST
of a given region. The implication is that an increase in NDVI value leads to a significant
decrease in the LST value while a decrease in the value of the former yields an increase in
the value of the latter. The following Figures 4.13 and 4.14 illustrate a summary of this
study’s outcomes regarding the correlation between LST values and NDVI outcomes while
seeking to examine the impact of urban expansion on LST outcomes in the context of Soran-
Erbil.
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Table 4.5. Collected values from NDVI and LST maps for 1995

1D X Y NDVI LST
1 456106.8739 4058247.791 0.093 43
5 453866.1000 4058076.885 0.059 46
3 460018.7335 4058019.916 0.380 32
4 457834.9284 4057773.051 0.223 36
5 459847.8270 4057678.103 0.100 39
6 459354.0972 4056633.674 0.068 41
7 460398.5257 4056215.903 0.023 44
8 458822.3881 4056234.892 0.048 42
9 460455.4945 4054563.807 0.041 46
10 450638.9413 4054297.952 -0.007 47
11 458955.3154 4053937.150 0.035 45
12 457284.2297 4054278.963 -0.015 41
13 457322.2089 4054013.108 -0.023 43
14 458993.2946 4053956.139 0.049 44
15 455651.1233 4059064.344 -0.077 38
16 455328.2999 4057393.259 -0.064 39
17 459733.8894 4058361.729 0.542 33
18 458993.2946 4057697.092 0.520 34
19 454720.6324 4059880.898 0.442 30
20 459316.1179 4060887.347 -0.039 44
21 459164.2011 4058912.427 -0.004 44
22 A58366.6375 4054506.838 -0.039 49
23 457977.8616 4053405.775 -0.014 48
24 457056.3544 4061931.775 0.353 38
25 458822.3881 4062007.734 0.347 38
26 459069.2530 4056766.602 -0.040 42
27 456638.5830 4059140.303 0.338 36
28 457702.0011 4061039.264 0.096 42
29 459752.8790 4056405.799 -0.047 45
30 454796.5908 4058817.479 -0.041 47
31 459183.1907 4061836.827 0.092 41
32 457967.8557 4053424.430 -0.014 48
33 460588.4218 4058760.511 0.299 38
34 458157.7518 4056690.643 0.113 41
35 454891.5389 4059956.856 0.211 32
36 455727.0817 4056728.622 0.289 35
37 460949.2244 4054582.796 -0.006 47
38 458803.3985 4054316.942 0.021 45
39 456695.5518 4056823.570 0.213 39
40 457265.2401 4055665.204 -0.024 45
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Table 4.6. Collected values from NDVI and LST maps for 2011

ID X Y NDVI LST
1 457143.3753 4061950.739 0.174 42
2 456141.4125 4061818.405 0.011 46
3 458296.5778 4061345.781 0.018 45
4 458825.9167 4060476.153 -0.013 48
5 456992.1357 4060797.537 0.065 44
6 455177.2596 4060684.107 0.031 43
7 456027.9828 4058528.942 0.021 45
8 456448.6869 4055608.235 -0.049 47
9 458239.8629 4058150.843 0.071 43

10 456027.9828 4057858.543 -0.006 46
11 455801.1233 4056997.640 0.113 42
12 455158.3547 4056751.876 0.098 42
13 455290.6894 4056732.971 0.189 39
14 456935.4208 4056657.351 0.107 40
15 455990.1729 4056033.487 -0.030 44
16 458126.4332 4055976.772 -0.018 40
17 460243.7886 4056222.537 0.050 40
18 459204.0158 4055901.153 0.018 40
19 460149.2638 4055447.433 0.071 41
20 459033.8712 4054842.475 0.041 43
21 459714.4497 4054634.520 0.054 43
22 459903.4993 4053972.847 0.005 44
23 456569.7211 4054756.829 0.000 44
24 459366.9731 4058657.758 0.198 38
25 457673.3988 4058714.845 0.239 41
26 454931.4952 4060627.392 0.426 37
27 456821.9910 4055371.814 0.375 39
28 460546.2679 4054142.991 0.253 38
29 458504.5324 4061704.975 0.203 41
30 456878.7059 4061894.024 0.341 39
31 458958.2514 4058850.326 0.377 37
32 459317.4456 4057470.264 0.106 39
33 459260.7307 4060816.442 -0.046 48
34 455971.2679 4061667.165 -0.037 47
35 458901.5365 4060967.681 -0.019 49
36 454818.0654 4058869.231 -0.035 46
37 458901.4373 4069873.231 -0.025 50
38 458523.4373 4057791.648 0.068 42
39 455637.3037 4057496.994 0.168 41
40 456500.6067 4057186.690 0.040 45
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Figure 4.13. Linear regression analysis of outcomes in 1995

y =-20.934x + 44.612

LST in °C R2=0.6128

60

10

0
-0.100 0.000 0.100 0.200 0.300 0.400 0.500 0.600

Figure 4.14. Linear regression analysis of outcomes in 2011
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5. CONCLUSION

In summary, the central aim of this research was to determine the impact posed by
urban expansion on the degree of land surface temperature. Specific insights were gained
from the context of Soran-Erbil. It is also worth noting that the study focused on data
outcomes for the years 1995 and 2011. Similarly, the GIS system and remote sensing
techniques aided in the achievement of the goals and objectives of the research. Indeed, the
different land covers were classified with the help of Landsat-5 TM, data, playing an
additional role of LST data retrieval for the years 1995 and 2011. The five classes into which
land covers were categorized include water, agricultural zones, vegetation, urban zone, and
other land. It is further notable that the conversion of digital data into LST values was
achieved via the employment of the Radiative Transfer Equation while LST outcome
retrieval was conducted via the use of the Landsat thermal band. From the outcomes
regarding the classification of the land cover in Soran-Erbil, this study established a
significant degree of urban expansion over the 16 year period. At the same time, a significant
decline in other land covers was witnessed. With the urban expansion yielding a drastic
decline in vegetation cover and the emergence of drought conditions or desertification, the
general area is seen to have experienced an increase in the level of LST.

In relation to LST data that is spatially distributed in relation to the districts within
and outside the urban zone, this study found that the newly built districts and those that are
located around Soran-Erbil had the highest LST temperature in the two years 1995 and 2011.
This outcome remained attributable to the decrease in vegetated spaces. Therefore, urban
expansion was seen to yield the presence of more open surfaces with the highest surface
temperatures in the two years associated with urban and barren lands. Regarding regions
where water bodies or accumulations and vegetation were present, the study established that
the lowest LST values were associated with such zones. This outcome was linked to the
perceived cooling effect on the regions’ LST. Thus, it was inferred that water and vegetation
constitute critical predictors of LST values. The impact posed by vegetation on the resultant
state of LST was also investigated and, after the linear regression and Pearson correlation
analyses involving LST outcomes and NDV | values, a strongly negative correlation between
the two attributes was established. In summary, it is evident that more valid and reliable
outcomes regarding the examination of the impact posed by urban expansion on the LST

values are likely to be achieved when the GIS technique is combined with the process of
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Landsat thermal band imaging. In Soran-Erbil, it is evident that significant effects of urban
expansion on LST have been felt in the recent past and that the need ameliorate these
potentially adverse outcomes to the environment cannot be overemphasized, should the
relevant authorities strive towards the realization of sustainable development in the wake of

a fast-paced urban expansion.

5.1. Suggestions

% With expending of Soran City the government should have a plan for
making greener Agriculture and vegetation around the city.

% The people should be helping with government in reducing the usage of
those things that would be the reason of increasing LST, such as using
Bicycles instead of vehicles and building factories outside the city.

% Because of having many rivers around Soran City, the government should
not let this water be wasted by making dams and also having plans for
solving the lack of water in which we get benefit agriculturally and

climatically.

>

R/
*

Encouraging the private subdivisions to invest in the agricultural lands in

)

the villages and every houses of Soran plain district.

% Building sweatshops and chillers for keeping the products, and transporting
the products to the markets.

% The people should avoid cutting the forest and natural trees and keep a live
and safe.

% This resulted in correlation and linear regression analyses between NDVI
and LST values the analyses show that the strong correlation between NDV I
and LST in Soran City is negative, and should have dense vegetation which

it has a direct effect on the temperature and NDVI.
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