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Abstract

LJrbanization is amongst one of the most concerned environrnental issue associatcd trith []rharl

Ilcat Island (UHI) effect is the most alarming. This study has been conductcd to idcntill'

cmergence of UHI in Rawalpindi and Islamabad in last two decades i.e. from 1993 to 2015.

I-andsat TM, ETM+ and OLI-TIRS were used to generate the land use land cover (l-LJl(i)

patterns. land surface temperature and UHI intensity zones in addition to ground stations data.

Massive urbanization has changed the natural LULC of study area with a significant incrcasc in

buitt up area and a decrease of vegetation and forest. 'fhis anthropogenic intcrlcrertcc ltas

resulted in high temperature zones modifying the climate of urban areas producing Lll II cf'ftct.



Chapter I

INTRODUCTION



1.0 Introduction

Climate change is a global phenomenon but the contributing and underlying causcs ol-climatc

change occur locally and regionally gradually affecting the globe's climate (Seinfeld and Pandis.

2016). Urbanization is significantly gaining momentum around the world as a resttll ol-

development, population growth and shifts and expansion of commercial and rcsidcrrtial ccntcrs.

Formation of these urban agglomerations is often unplanned and changes the natural landscapc

(Coseo and Larsen, 2014). According to UN (World Urbanization Prospects 2010), nrorc than

half of world's population resides in urban areas and the projected urban population in 2050 is

69.6%. As a result of this urban sprawl, many environmental issues arise including dclbrestation.

excessive consumption of water and energy resources and congestion. Thesc issucs intcnsilr rtncl

posc a combined effect to increase the overall temperature of urban areas (lluang cl .ri..2015)

Scicntists have observed that the temperature in densely built and populatcd arcas is highcr than

the surrounding rural areas. This effect is known as "Urban Heat Island" (Coseo and l.arscn,

2014).

-['he term "urban heat" was first used by Luke Flowards in early I 800s rvhcrr hc lirund

significantly high temperature in London city as compared to its village areas (Gartland. 2Ol2).

Iior years, the reason for high urban temperature was unclear. A lot of research was conductcd on

tJHl in the past decades. After vigorous observation and investigation it was found that L."lll is

lbrmed in metropolitan areas that are relatively warmer due to anthropogenic activitics strcl-r as

towns and mega cities (Voog!,2007; Sidiqui et a1..2016). Temperature records havc bccn

greatly influenced by expansion of urban centers during 20th and 2l'' centuries (llalogLrr) et ul..

20ll). The annual mean temperature of the city with more than I million peoplc can bc l-l''C'

higher than its rural surroundings. In the evening, the temperature differcnce is as high as 12 "('

because the heat absorbed in the day is emitted back into the atrnosphere by' urban surl'accs

(IJSITPA). A study conducted in 2014 involved 65 states in United Statcs and Canada and

indicates that the densely populated urban areas are experiencing the UIll eflbct evcr) surrlnrcr

'l'he study stated that forests areas have clearly cooler temperature then the built up arcas (lhao

lJrhan Heat lsland Effect based on Temporal Analysrs o[ Land Surface Temperature for Rawalprndr and lslamabad
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et o1..2014). Isotherm of UHI is shown as a flattened curve at the sides representing rural

surroundings and a rising curve in the center representing the urban areas. 'l-he tcmperaturc

diflerencecanbeclearlyspottedthroughthedifferenceinbothcurves(Gago et a|..2013).

l.I Primary Triggering factors behind UHI Phenomenon

Introduction of urban materials and human modification in landscape has caused implications lor

urban environments (Hanqiu and Benqing,2004). Urban sprawl occurs both vertically and

horizontally resulting in blockage of air due to congested and tall buildings and prcvcnting

vcntilation (Mizaei, 2015).Vehicular emissions, emissions from power plants and air

conditioners and heat absorbed in urban structures results in formation of UI-ll (Memorr et ul..

2009). Primary factors behind UHI phenomenon include:

. Low albedo characteristics of Urban Materials e.g. asphalt. concrcte. glass and stccl

which have more heat absorbing and less heat reflecting potential.

. Inadequacy of natural evaporative surfaces e.g vegetation and moist soil to providc a

balanced heat mechanism.

. High production of pollutants that meddle with the natural radiative charactcristics of thc

earth.

o L{eat produced through anthropogenic activities.

o Vertical buildings that supplements heat absorption by providing rnorc surlace alca and

blocking the urban ventilation that could lower the temperature otherwisc.

1.2 Interrelation of Land Surface Temperature (LST) with Land Use and

Land Cover (LULC)

High temperature is the distinct characteristic of urban areas as compared to rural arcas (Schuarz

et a|.,2012). Transformation of natural landscape into anthropogenic land use and lancl covcr rs

an obvious aspect of urbanization because it requires the provision of infrastrLlcturc. cncrsr arrd

other amenities for the growing population (Shudo et al., 1997). J'he lorests and grasslands arc

transformed into impervious surfaces causing the earth's physical properlies to changc ancl thrs

[,rban Ileat Island Effect based on Terrporal Analvsrs ofLand Surlace Temperature lor Rarralprndr and Islarnahucl
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change affects UHI (Lo and Quattrochi,2003). The formation of big cities affects the qualiti ol'

cnvironment often causing pollution, traffic congestion and elevated energl'bLrdgct (Mirzac.

2015). The roads, buildings and other infrastructure absorb heat and keep thc tcmpcraturc lrieh

cvcn after the sunset (Xian and Crane,2006). Moreover, increased population in citics. a trcatcr'

number of transportation vehicles and lots of anthropogenic activities produces morc hcat. On

the other hand rural areas cool down quickly as there is less infrastructure and dense vcgctation

which helps in maintaining lower temperatures. The empirical studies of temperaturc data shos

that the climate of cities significantly differs from the ruralareas (Li et a|.,2015).

'l'he main reason for high LST in cities is human disturbances and modified landscape in citics.

(l)ikhan et a\.,2015) evaluated temporal UHI effect along the coastal zone of Istanbul fbr 198-l-

20ll using LandsatTM and ETM+ images. The results of their study show that thc cxistcncc ol'

TJIII is closely related to LULC and LST patterns. The impervious class of the LUI-C drasticalll'

changes the LST and has a significant role in formation of UHI (Su el a\..2010). Ljrban surlhccs

are mainly made from concrete, glass, steel, stone or asphalt which have excellent insulating and

heat holding capacity. For example, water in a lake and a concrete roof will havc diflcrcnt

absorption capacities. The urban surfaces have very high absorption potential and lou alhcdo as

conrpared to natural surfaces such as trees and water resulting in high tcmperaturcs durirrg dar

and night (Brazel et a\.,2000). Moreover, urban surfaces and towns are paved decrcasrng thc

amount of soil moisture thus changing the amount solar radiation is absorbed on carth.

LST is closely related to land use and land cover of any area and acts as a standard lirr urbarr

climate (Gusso et a1.,2015; Munier and Burger, 2001). Thus the assessment of UIll should

involve detailed analysis of LST of urban areas. (Sheng et a1..2015) mapped the [Jlll in

Hangzhou, China by analyzing the LST. They found that the proportion of impermeable surfirccs

and vegetation cover has a major role in UHI formation. Vegetation provides a mcdiurn lirr

cvapo-transpiration so land with green cover loses heat quickly' (Bass et ttl.. 1002).

Iiumorfopoulou and kontoleon, 2009) performed an experimental study on trvo buildings h1

covering one building with plants and keeping the other one bare and comparcd thc thcrrnal

behavior of both. The results showed clear temperature difference with lower tempcraturc on thc

Urhan Ileat lsland Ellect based on Temporal Analysrs ol-Land Surlhce 
-lemperature 

flor Rarvalprndr and [slantrhad



('hupter I

plant covered wall. (Upmanis et aI.,1998) and (Upmanis, 1999) carried out a study to evalLratc

the urban climate near parks. Their study indicates that the parks play a significant role in

minimizing temperature of the surroundings. (Zhang et a\.,2013) deduced that deforestation and

loss of water bodies has created a major contribution towards the existence oI L,ill[. (Kunrar cl

a|..2012) found that the maximum air temperature was present in the built up arcas rnd

minimum temperature was observed in densely vegetated areas. Vigorous rcscarch rcpcatcdll

rcports that the UHI effect is observed over built up area or the open land with heat holding soil

characteristics (Pena, 2008).

1.3 Approaches to Study UHI
'l'o offsct the undesirable phenomenon of Utll and neutralizing the urban tcmpcraturcs. nr.lnv

policies and strategies have been devised and numerous researches have been conductccl using

different approaches and methods. Empirical evidence from the literature shon s that

observations of ground based temperature stations and the satellite bascd [.and Surfacc

'l'emperature (LST) data are mainly used for detection of LJHI (Hamdi. 2010). A study was

conducted to estimate the urban heat island in Mumbai city, India. Land use and land covcr

classes and LST was used to inspect the cause of rising temperature. It was found that the highcst

temperatures were in built up areas of the city. The study showed a directlv proportional

relationship between LST and built up index where as the vegetation index and LS'1. shrxvcd

opposite relationship (Dwivedi et aI.,2015). (Liu andZhang.20ll) anall'zed thc cffcct ol-i lll in

I Iong Kong based on vegetation and built up analysis and LST and suggested thc rcnr()tc scrrsirrg

and GIS as a convenient tool for conducting climate related researches.

'l-hc advent of GIS and remote sensing based tools and techniques has providcd adrantagc.rus

opportunity lor detailed studies of earth's landscape and its therrnal charactcristics in lcss trrnc

with high accuracy and low cost (Rawat and Kumar,20151' Balogun et al..20ll: Aniello et ul..

1995). Various researches show that remotely sensed data is significantly useful in anall'sis of

UHI effect and its relation to land use and land cover (Kandel et a\.,2016: Huang et o1..2015:

Quan e/ aI.,2014:Gago et a1.,2013; Kumar et a1..2012:Liu and Zhang.20ll; Irnhofl'ct ul..

2010). For greater reliability of results, the climatic data from ground based stations and

tJrban [{eat Island Effect based on Temporal Analysrs ofLand Surface Tcmperature tor Raualprndr and Islarnabacl
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accuracy assessment should be integrated with the satellite data processing (More et n1..2015:

I)wivedi et al.,2015). (Huang et aI.,2015) utilized I.andsat TM and tl'l'M+ images to anall'zc

the thermal characteristics of urban expansion in Changsha, China. They delineated urbatr and

sub-urban areas and their expansion density and examined the patterns of LS'l'and LJIII

intensity. They concluded that the urban sprawl and its thermal characteristics can bc analyzcd

though satellite data. (Weng et a|.,2004) performed a remote sensing based invest.igal.ion on

urban clusters in Zhujiang Delta, China and found vegetation as an influcntial lactor in

mitigation of high LST. Satellite based data is convenient forthe study of IJIII phenorlcnon duc

to its global coverage and continuous provision of data. In contrast. Ground stations bascd clata

does not provide the data for every point on ground and involves high cost and maintcrrancc

(Yusuf el a|.,2014).

1.4 Implications of UHI

lligh temperature in urban areas affects the life quality and ecosystem functioning olicn

triggering heat waves during summers. 800 people died in Chicago heat wave in 1995

(Changnon et al.,1996). Excessive deaths were reported during heat wave in LJK in ALrgust 2003

(Wright et aI.,2005). There are a number of negative impacts on health and environnrcnt cluc to

tJHI that include elevated energy demand in which high temperatures during surnrncr irrcrcasc

thc demand for cooling (Schwarz et a\.,2012). So increased energy demand puts prcssLrrc on

resources and causes load shedding and shortages of power. As UF{l incrcascs thc cnergl

demand. greenhouse gases are emitted from power plants and electric appliances. Pou,cl plants

which rely on fossil fuels for energy production emit sulfur dioxide. nitrogen dioxidc. carbon

rnonoxide and particulate matter which pollute the air, and helps in the lormation of smoi:, 'l'hcsc

po\\cr plants also produce carbon dioxide which is a rnajor climate changc instigator (Voost.

2007).

tJigh temperature and air pollution linked with UHI cause many health irnplications lbr humans

and biodiversity including general discomfort, heat strokes. breathing difllcultics. hcat crarnps

and heat related mortality (Schwarz et al., 2012). UHI give rise to cxtremc and abnonral hot

weather condition known as heat wave. Children, older individuals and patients arc most likcll

IIrhan llcat Island Etlect based on Temporal Analysrs ofLand Surface Temperature for Rawalprndr and Islarnabad
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to be affected by such events and the mortality rate can reach above average (Wright ct ol..

2005). Center for disease control and prevention declared that thc hcat cxposurc hats causcd

8,000 pre-mature deaths in United States l'rom 1979-2003 (Knowlton et u|..2009). [{oads.

pavements and rooftops having high temperature can heat the storm water impairing its qualitv.

When this water runs off in streams, rivers and ponds, it proves threatening to the aquatic lil'c

and hinders their metabolism and reproduction sometimes causing death of organisms (lha<> et

u|..2014).

Pakistan is no exception to the effects of urbanization and climate change. The countrv has a

population of 180 million people and the urban population has been projccted to bc 6Oo.,i, in 2()50

by United Nations Department of Economic and Social Affairs (Ut)11SA. World ['opulation

Prospects,20ll). Different studies indicate that Pakistan has faced massivc urbanizatiort during

last 20 years (Sajjad et a1.,2015).2000 people were killed in Karachi heat rvave during.lLrnc.

2015 as temperature level reached above 50oC (Salim et aI.,2015).'l'here is a need to formulatc

stratcgies to counteract this warming but the identification and mapping of UIII is thc

prercquisite for that.

Table l.l: Various studies in comparison with currcnl stud)'

S.No Study Area Title of the Research !.1t,U lt,4 ]
Rawalpindi and

Islamabad (Current
Study)

Urban Heat Island Effect based on Temporal Anallsis ot'
Land Surface Temperature for Rawalpindi Islamabad

2 Sydney. Australia
Spatio-temporal mapping and monitoring of urban
island over Sydney. Australia using Landsat 8

MODIS

heat

and (SidiqLri et trl .'.)-l

l South Florida. USA
An analysis on the UHI effect using radiosonde profiles
and Landsat imagery with ground meteorological data in
South Florida.

(Kandcl at ttl..'.ll

4 Tehran. Iran
Seasonal variation ol the surface urban heat island in a

semi arid city.

(ilaashcnrr cl r.ri

201())

5 Lahore. Pakistan
Mapping urban heat island efl'ect in comparison rr'ith land

use and land cover of Lahore district.
(Shah ancl (ih.rr

)()lir

6 Mumbai, India
Estimation of Land Surface'l-emperature to studr trrban
Heat Island ellect in Mumbai using Landsat t.'l M+
Image.

[)rrircdi cr ul.2

7 Changsha. China
An analysis of urban expansion and its thermal
characteristics using Landsat Imagery.

(lluang ct ol.)tl

8 Istanbul, Turkey
Evaluation of Surface urban heat island eff'ect on coastal
zone of Istanbul Megacity.

(Dikhan er u1..20

9 Hangzhou, China Imoacts of land cover tvDes on urban heat island in (Shcno et ul..2ol
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Hanezhou. China.

t0 India
Study of different approaches used to estimate the t IItl
elfect in India

(l\'lorc cr irl . l0l i t

il USA and Canada
Strong contributions of local background climatc to Lrrban

heat islands.
l/.ha,t et ul.. l)l0l

t2
Kuala Lumpur.

Malavsia
Spatio-temporal assessment of urban heat island cl'lccts

in Kuala Lumpur metropolitan cit) using Landsat.
( Yusu l'er u/.. l0I -l )

rl Chicago. USA
How factors of land use/land cover. building
configuration and adjacent heat sources and sinks cxplain
UHI in Chicago.

((.osco and I arsen.

20t{)

t4 Beijing. China
Multi-temporal trajectory oIUIII centloid in [lciiing.
China

(Quan cr a/ . l()l I t

(7.hanger al..20l3tl5 Shanghai. China
Analysis of land use/land cover change, population shili.
and their effects on the spatio-temporal patterns ot'I.JIll
in metropolitan Shanghai, China.

t6
The city and urban heat islands: A review of strategics to

mitisate adverse effects.
((iagoelrr/.l0II)

t7 l,eipzig. Cermany
Relationship ol land surlace and air temperaturcs and its
implications for quantifying UHI indicators. An
aoplication for the city of Leipzis.

Schrvarz cl ul .2i')l2l

t8
Vijayawada, Andhra

Pradesh, India
Estimation of land surface tempcrature to study urban

heat island effect usins Landsat E'l.M+
(Kurnar c/ rrl:11 ,,

Liu ancl ,/hanq. lttl l )r9 Hong Kong. China
Urban heat island analysis using thc l-andsat 'l'M and

Aster data. A case study in Hong Kong.

20 Akure. Nigeria
Analysis of urban expansion and land use changcs in

Akure. Nis,eria using remote sensing and GIS tcchniqucs
lJaloqirn cr rrl . l0I I )

2I
Uccle. Brussels.

Belgium

Estimating UHI effects on the temperature series of ( Iccle
(Brussels. Belgium) using remote sensing data and a land

surthce scheme.

(tlamdi. 201())

22 Nanjing City. China
Assessing the effect ol'land use and land covcr on urban

heat island pattern in Naniing City. China
(Su cr rrl . 2010 )

?.3
Biomes of

Continental USA
Remote sensing ol urban heat island cl'lccts across

biomes in the continental USA. gllli:11 ''l :l
( I:umorlirpoulou .lntl

Kont()lc()n. l()09 )
24 Northem Greece

Experimental approach to thc contributton ol.plant
covered walls to the thermal behaviol ol'buildrng
envelones.

25 Santiago. Chile
Relationship between remotely sensed surlace parametcrs

associated with the urban sink fbrmation in Santiago.

Chile.

( l)cna. 1008 )

26 Greece
Daytime urban heat islands from Landsat ETM+ and

corine land cover data: An application to maior citics in

Greece.

(Stathopoulou :rnti

Cartalis. 2(X)7 )

(Xian and C'r'ant.

2(XXr )
2'7

Iampa Bay and Las
Vegas. USA

An analysis of urban thermal characteristics and

associated land cover in Tampa Bal and [,as Vegas using
Landsat satellite data

28 Seoul, Korea
Spatial and temporal structure of thc urban heat island in

Seoul.
(Kim and Ilaik. l()05 )

29
Manchester and

London, UK
Dwelling temperatures and comtbrt during thc August
2003 heat wave.

1'r|right er trl.. Jl)l)5 t

30 Zhuiians Delta Estimation ol land surlace temperaturc-\'cqctation ( \\'cns. l()0 1 )
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1.5 Significance of the Study

'fo curb global climate change, UHI mapping should be done for urban environments. [-lrban

Heat Island seems to be a local phenomenon but in turn it contributes to global warming. so

reducing the causes of UHI will help meet the global climatic challenges. Identification of urban

heat hotspots is the basic step for the implementation of mitigation strategics. 
-l-his 

rcscarch uill

provide information to the urban planners and climate change specialists to study urban climal.rc

conditions and devise resilience strategies for the cities.

1.6 Objectives

I . 'fo estimate the land use and land cover changes of Rawalpindi and Islamabad from 1993 to

2015.

2. To study the temperature changes during the past 2 decades by temporal analvsis of-l-and

surface Temperature (LST).

3, Identification of Urban Heat Islands in Rawalpindi and Islamabad.

China abundance relationship for UHI studies

3l Xiamen City, China
Remote sensing of the urban heat island and its changes
in Xiamen Citv of SE China.

(llanqiu and []cnqrng
2004 )

32 Atlanta. USA
Land use and land cover change, urban heat island
ohenomenon and health imnlications.

(l-o and Quattrochi.
200:i )

JJ Beijing, China
Detecting and analyzing urban heat island patterns in
Beiiine. China

( Xiarr er rrl.. lool r

34 Berlin. Germany
Analysis of land use data and surface tempcratLrrcs

derived from satellite data for the area of Berlin.
(Municr arrcl IlLrrucr .

200I)

35
Baltimore and
Phoenix. tJSA

The tale of two climates: Baltimore and Phoenix ulban
LTER sites.
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2.0 Materials and Methods

This chapter includes the description of materials, tools and methods used to achieve the

objectives of this study. The datasets, softwares and procedures used to detect and map the urban

heat island hotspots have been described in detail.

2.1 Study Area

Flgurc 2.1: Study Area Map

2.1.1 Location and Extent

The study area comprises of district Rawalpindi and Islamabad that lies between 34.08\

largest metropolitan area of Pakistan. Islamabad is the capital of Pakistan and a major hub for all
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business centers, government institutions. embassies and consulates. It is a planncd cily

constructed in 1960's and experienced massive urbanization and extension rvith big slropping

rnalls. commercial and residential estates and sectors stiI under-construction. Raivalpindi district

on the other side is comprised of 7 tehsils including the old colonial Rawalpindi cit1. thc ancrcrlt

'l'axilla, Kahuta. Cujar khan, Kallar Syedan, Kotli Sattian and a relatively cool hill station [111trr

as Murree at an elevation of 2,291 m. Among these areas, Islamabad and Rawalpindi city arc

highly urbanized and others are advancing rapidly as new urban centers develop and rural arcas

are being transformed into towns (Shiekh et al .,2007).

2.1.2 Demography

According to 1998 Census, the total population of study area was 4.1 rnillion cornprising ol

51.20% males and 48.80% females. Most of the population was residing in urban arcas rvith

population density of 765lSq Km. The population was projected to rise at an annual avet'agc

growth rate of 3.97%. Literacy rate is 70%o and significant portion of population is cdttcatcd

(Pakistan Bureau of Statistics, 1998).

2.1.3 Climate
.t'he 

climate of study area varies due to different geographical attributes and altitudc ol'drll'crcnt

tehsils. The climate of Islamabad and Rawalpindi city is hot and hurnid in summcrs rvitlt

temperatures reaching to 45oC and cold in winters with temperature falling belou 0"(1. 'l'hc

hottest month is June and the coldest months are December and January. July'and August arc thc

rnonsoon seasons when the area experiences significant rainfall. 1'he average annual rainlall is

1200 mm and average humidity is 55%. Murree hill station is an exception with plcasant and

cool summers where average temperature is 25oC and relatively colder winters wherc avcragc

temperature falls below -4oC. High rainfall sometimes exceeds the rnonthly averagc ol'200() rnrl

and precipitation occurs in the form of snow during winter (Sheikh et a|..2007; I-rn-llabitat.

2014).

2.1.4 Geology

'l'he study area consists of alluvial plains and hilly terrain with Margalla and Murree hills

spreading towards western Himalayas. Consolidated rocks in the area are almost 50 million ycars

tJrban Heat Island Effect based on Temporal Analysrs of Land Surface Temperature flor Ratvalptndt and lslarnabad 1 1
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old and composed of Surghar group, Makarwal group. Cherat group. Rawalpindi group and

siwalik group consisting of sedimentary rocks, sandstone and shale (Geological Survel' ol

Pakistan, 2007). The red rocks and sandstone exposed near CT road towards'l'axilla are 20

million years old. The study area is located in an active faulting and folding tectonic zonc and

experience frequent earthquakes (RDPI,20l3). Oil and gas reserves havc been lbund ncar (itr.iar

Khan and as a result Gujar Khan is developing towards a highly urbanized city'and attractirrg

many companies (Ministry of Petroleum and Natural Resources. 20 I 3).

2.1.5 Hydrology

Jhelum River flows in the eastern part of study area through gujar khan. Kahuta. Kallar sYcdan

and Kotli Sattian. Soan River originates from southeastern part of Margalla hills and florvs

through Potohar region and drains water in the simli reservoir. Another river that flolvs throLtgh

this region is Korang River which originates from Murree catchment and drains in Soan I{ivcr

afterwards. There are two dams built in study area i.e. Rawal Dam constructcd on Korang I{ircr'

and Simli Dam constructed on Soan River. Both of these reservoirs are ('ed through rairr end

snow melt from the upstream catchments and provide water for Rawalpindi and lslarnabad citics.

In addition, Nullah Lai has a stream network throughout Rawalpindi and lslarnabad and plays an

important role in the urban flooding and drainage. Small local streams and numerous channels

also originate from Margalla and Murree hills and drain into Nullahs and Ilivcrs (Shickh cr o/.

2007).

2.1.6 Flora and Fauna
.l'he 

study area has a diverse flora and fauna with a rich forest cover at the north castern part ,rnd

manyrarespeciesofanimals.Margalla Hill National Park (MHNP) located in Islarnabad is.'rnc

of the protected areas due to its bio-diversity. Fauna including Leopard, Wild boar. [tltcsus

rnonkey, foxes, barking deer, jackals, jungle cats, scaly ant-eater and Marten inhabit thc

Islamabad and coniferous forests of Murree (Khan, 2006). Daboia (Russels's viper) artd Irrdian

cobra are present among reptiles (Khan, 2006). Many species of flshes including Letbco roltttLt.

Barilius pakistanicus, Labeo dero, Puntius ticto and carp fish are found in the Rawal and Sinrli

lakes (Nazeer et al., 2016). A rare endemic rodent species named as Murree vole is also firund in

the area. Many threatened species of birds including Vultures. Pariah eaglc. Black kite. Kali.i

t lrban Heat lsland Effect based on Temporal Analysrs ol'Land Surface 1'emperature for Rawalprndr and lslarnabad L2
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pheasant. Cheer pheasant (Chakor) and winter waterfowls are found in the study area (YousaI

and Manzoor,2014; Khan, 2006). Different species of plants and trees including stratvbcrt'ics.

cherries. pines, raspberries, jasmine, olive and chestnut are found in the castern part of studl arca

i.e. Murree, Islamabad and Kotli Sattian (Hameed et al., 2012). In addition. local shrubs and

grasses. trees of Saccharum bengalense (Kana), Dalbergia sissoo (Sheesham), Vachcllia karoo

(Kikar). Acacia modesta (Phulai), Pyrus pasha (Pear), Bauhinia variegate (Kachnar) and Ccdrus

deodara (Deodar) are also common (Ali and Malik,20l0). Pines trees are corrlrnon in Murrcc

tehsils (Khan, 2006).

2.2 Datasets Acquired

Satellite data acquired from USGS LPDAAC and climatic data acquired from PMD (Paltistan

Metrological Department) were used in this study. Multi-temporal Landsat satellitc data and

daity climatic data were collected from 1993 till 2015. The path/row followed lor L5'lN/1. 1.7

E]'M+ and L8 OLI-TIRS was 150/36 and 150/37. Climatic parameters (minimum tempcratLrrc.

maximum temperature and rainfall) data were collected for the stations of Rawalpindi and

Islamabad cities.

2.3 Data Analyses

Analyses were performed in a series of steps involving the preparation and proccssing of'data

with the help of different software viz., ArcMap 10.1, ERDAS Imagine 2014. trNVI 5.3. (iooglc

trarth and Microsoft Excel. Data preparation included pre-processing of satellitc data irr Ill{DAS

Irnaginc 2014. The satellite images were subjected to image enhancement and convcrsion ol-l)N

values into reflectance. As the Landsat image comes in variety of raster bands. stackirtg rras

done to produce a single raster composite for further processing. After stacking. thc nc\t \tcl]

was mosaicking of both tiles and finally subsening was performed to extract thc arca o['itrtcrcst

in order to reduce the spatial resolution. The thermal band of Landsat was also preproccsscd and

its resolution was re-sampled from 120 meters to 30 meters.

2.3.1 Supervised Classification

Recognition of entities and phenomenon on earth is the main focus of remote scnsing and

classification is the best fitted technique for this purpose (Kokalj and Ostir. 2007). Alicr prc-
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processing, supervised classification was applied on the satellite image. Superviscd classificalion

is quantitative process which allots each pixel to an individual class. Irour [,UI-C classcs ucrc

formed namely vegetation, open land, built up area and water features.'l'he descriptiorr of'thcsc

classes is given in table 2.1. The initial and essential step of supervised classillcation is

collection of training samples for each class into a signature file. After defining thc Ltil.C

categories,200-300 training samples were observed for each class. The objects were identillcd

on the basis of their spectral signatures in different bands.

Irvcry object on earth reflects and absorbs the solar energy and has typical bchavior rcprcscrrtcd

in each wavelength of the solar spectrum known as the spectral profile of the objcct. Iror

instance. water reflects blue wavelength but absorbs the infrared energy thus creating a prolrlc ol'

reflectance and absorbance in different bands of the raster. The objects were placed in a spccific

class with best match and then classification process was executed. Maxirnum likclih,rod

algorithm was used for generating the classified image of land use and land cover of thc stLrdl'

area. Maximum likelihood algorithm places the pixels in the class of highest probability (l']atrl cr

a|..2012). It is the most efficient and widely used method so lar and has provcn to dcdLrcc trcst

results for analyzing the land dynamics. Ground truthing was done to classily thc dubious arcas

by using data from Coogle Earth and existing maps of the study area. All thc tbur imagcs ucrc

classified using similar method to derive the final LULC change lor the pasl 23 ycars. Irinallr

area was calculated for each land cover class.

Table 2.1: Land cover and Land use Classes

Desc

Includes the forest cover. agricultural land. ation in narks and

Includes the barren [and. rocks, desertified land and lallorv land.
Commercial bui residential blocks. roads. bridses and other infiastructurc

dams. small streams and nullahs.

2.3.2 Accuracy Assessment

'fhe final stage of supervised classification is the accuracy assessment of the produced olrtput to

evaluate over all accuracy and Kappa Co-efficient (Rawat and Kumar.20l5).'l'hc accurac)

trrhan I leat Island Effect based on Temporal Analysrs of l-and Surface TempL.raturc lor Rau,alprndr and Islanrirbad 14
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assessment was performed by generating the reference control points and verifying thenr fiorn

ground truth data from Google Earth. The accuracy of classification was generated in thc lbrnr of

error matrix which gave information about the samples that were classified incorrectly and g.avc

the overall accuracy percentage. The incorrectly classified samples were then corrccted by' Lrsing

the recode tool in ERDAS Imagine.

2.4 LST (Land surface Temperature) Retrieval
'l-he land surface temperature is the temperature of earth's surface at a given time and dcpcnds on

the quantity of vegetation and impervious surfaces that are present in thc arca (Sobrino ct al..

2013). For urban climate studies, LST is directly involved and givcs information about thc

thermal characteristics of different land cover classes because the heat trapped and emittcd frorn

the earth determines the weather patterns and climate (Mallick et a|.,2008). Prior to calculating

LST. Digital number values of pixels have to be converted into spectral radiance becausc thc

Digital number value stores the radiance but gives no information itself (Shah and Ghauri. 20 | 5 ).

I-S1'of the study area was calculated from the TIR (Thermal Infra Red) band of Landsat. 'fhc

Planck's equation used for deriving LST (Artis and Camahan,l982) is as follows:

sr - l* (1 "I)rn €..........Eq 1

Where.

St is the Land Surface Temperature,

'l- is the brightness temperature,

/. is the wavelength of TIR band,

and e is the land surface emissivity.

Whereas, p is equal to h/co, where h is the planck's constant, c is velocity of light and o is thc

Stefan's constant. p :0.01438 mK.

For brightness temperature (T). following equation was used:
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Table 2.2: Values of K1 and K2

[.1is the surface radiance which was calculated by the following equation:

Lr = [:::lmax-!!:: . I x (orrt - QCALmin) + Lmin ..........Eq rrr
LQCRLmax-QCALminl \

Where.

I-*u, and L*n are maximum and minimum radiations,

DN is the pixel value of DN,

and QCAL.., and QCAL,,,,. are calibrated energies and have specified value.

After calculating the radiance and brightness temperature, Emissivity was calculated by using

NDVI through equation mentioned below.

€- 0.004PV + 0.986..........Eq IV

PV stands for the proportion of vegetation and was calculated as follows:

t : ,*ro, . ..........Eq II- 
In (r^ nr)

Where,

Kz and K1 are band-specific constants determined by the wavelength of scnsor.

pv - [-J.lli-i?'']I. 
',,1 

2..........eq v
INDVImax-NDVImin]

Finally, LST was retrieved by using equation I and compared with ground station based

temperature data to determine the accuracy.

('hopter 2 \|atenuls and \lethuls

Sensor K, (W m-'sr-' um-' K, ( Kclr in.1

5-'tM 666.09 1282.71

7-li'rM I 607.76 1260.56

n-(oLl/r'lRS)Bl0 774.89 l32 r .08

8-(Or,r/rrRS) B l l 480.89 120 I l4
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2.5 NDVI

Normalized Difference Vegetation Index is the quantitative measure of distribution of vcgetation

in an area because dense vegetation strongly reflects near infrared. The greater the vegctated

area. greater the emissivity and lesser the vegetated area. lesser the emissivity (Maimaitiyirning

et a\.,2014). NDVI was derived through atmospherically corrected I-andsat images through

fbllowing equation (Dwivedi et a|.,2015):

NIR Band- RedBand
NDVI:

NIR Band. + RedBand

2.6 Overlay Analysis for UHI

Overlay analysis was performed to find out the final urban heat spots. Overlay combines the

information from all input layers and produces a merged layer as an output with cotnbirrcd

characteristics of all input layers (Zhanget a|.,2013).'l'he reclassificd raster lavcrs (t-S't'. Lt t,('

and NDVI) were combined on the basis of their attributes and final UHI maps wcre derived.

tlrban Heat Island Eflect based on Temporal Analysrs ofland Surface Temperature for Rawalprndr and tslamabad 1'7
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Figure 2.2: Flowchart of Methodology used for this Research
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3.0 Results and Discussion

Rcsttlts rnd |)tsettsltorl

'l'his chapter features the results of data analysis that was employed to meet thc objectivcs of'this

study. 'l'he findings for three objectives of this study viz., multi temporal land usc Iand covcr

change mapping, multi temporal analysis of LST and the detection of urban heat hotspots arc

presented herewith.

3.1 Land Use and Land cover Change

The distribution of land use and land cover categories within the study area for the ycars 1993 to

2015 is presented in this section. Land use dynamics were estimated and compared lor (hc vt'itrs

1993,2001,2010 and 2015. The findings showed that over the past 22 years thcrc ltas bccn a

significant development and urbanization and clear reduction in tbrcst covcr. l:igurc -i.l(a1 sh.ru s

the I-ULC pattern of June 1993 and the percentages of each class within the study arca. ['hc

vegetation of the area showed 57.47% cover with open land coverage of 37.62%. It was thc timc

before construction of the mega projects in Islamabad city. Also in Rawalpindi. thcrc nas Icss

agglomeration and built up of avenues and transformation of natural cover into built up arcas.

I'he percentage of built up area was very low at that time i.e. 3.69% duc to low population

density and the vegetation was abundant covering more than half of thc total arca as thc

developmental activities were not so vigorous.

Over a period of decade, a comparison has been presented for year 2001 in Figure 3.1b.'l'hc

vegetation cover decreased from 57.47%to 52.97%o mainly due to land clearing for construction

which is obvious from increase in built up area upto7.09%o which is almost double thcn it rvas in

1993. Increase in the open land has been observed to 38.79oh as a result of vcgetation loss and

harvesting season of crops. The vegetation thinning has resulted due to the cxpansion ol'roads rrt

already urbanized area. Impervious area has increased due to oonstruction of'neu'housing

colonies along highways and expansion of city areas towards suburbs to mcct thc incrcasinr.l

population demands. The water bodies showed decrease of l.l37o because urbanizatiorr and

warming also affects water levels (LeBlanc et al., 1997).

'l'he LULC statistics show that class distribution has changed dramatically from 2001 to 2010

(Figure 3.lc) because the urbanization process took place at a vcr)'rapid pacc bcttrcen tltcsc

years. During this decade, avenues were built up in the fbderal city of Islamabad along s'ith land

tJrban Hear lsland Effect based on Temporal Analysrs of Land Surlace Temperature [or Rawalprndr and lslamabad 19
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clearing of Margalla hills forthe construction of Monal resort. The vegetation cover has droppcd

to less than half i.e.26.39o/o. The total percentage of built up area is lr1.04% and mainly thc arcas

ol- Rawalpindi, Islamabad, Gujar khan, Taxilla and Kallar Syedan have undergone rnajor

development while Murree and Kotli Sattian have also experienced urbanization duc to

construction of tourist resorts and new housing schemes. Tehsil Gujar khan has turned into major

commercial and industrial hub because of the discovery of oil and gas reserves in 2002 rvhcrcas.

the rest of areas have experienced innumerous construction of housing centers which expand into

new phases each year. The vegetation level has drastically fallen and thc open land has incrczrscd

up to 61.75%o because the construction of a large number of housing estates, commercial plazas.

malls and other infrastructure resulted in clearing of land mainly vegetated land. Defbrestation to

produce timber for construction and industrial purposes has also contributed to the reduction ol-

vegetative land. The areas under incomplete construction activities and digging also givc thc

signature of soil or open land. Before June, the harvcsting season oI main crops ol [ianrlpirrcli

district also leaves the land vacant and open. Moreover, in year 2010 rvatcr bodics harc driccl Lrp

as a result of hot weather and constituted only 0.8% of the total arca. At that time population ol'

the area experienced water shortage problems as well. The water demands of the incrcascd

population could not be met up by decreasing water reservoirs. This is attributcd mainll 1o

change in weather conditions i.e. change in temperature regime.

Figure 3.ld depicts the recent LULC setting of the June 2015 where it can be observed that built

up area has increased up to almost 20ohof the totalarea because large scale developmcnt has lcd

to the construction of significant infrastructure, houses, commercial buildings and of-flccs. '['hc

vegetation cover has improved to 30.4%o because of the rehabilitation activitics hrr thc

government to restore the overall forest cover so the ratio of open and desertified land has also

decreased to 49%o. The area covered by water is 0.72 because the month of June is hottcst lnd

causes the water level extent to decrease.
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Flgurc 3.1: Map showlng tul,c of Rawalplndi and tCamabad dktrlcts lE !l-2015 (a) tUtc
pattem 1!193 (b, r.u!c pittrm zxrl (cl r.utc panern 2o1o (d) Lu[c pattern zr15

The overall accuracy of all classified images is above 80% and Kappa Co-efficient is 0.g1. The

accuracy assessment was done using the existing classified images and scanned maps of the

study area and geo-referenced data from Google Earth. Figure 3.2 shows the combined statistics

for the LULC change for all the considered instances. Moreover, total area for each class was

calculated and presented in table 3.1.

Table 3.1: Arca of llltC dasses (19!t3-2015t

Yesr
Area (Sq Km)

Opcn Lend Vegcfation Built Up Water
1993 2300.05 3514.52 225.7 74.11

2001 237t.92 3238.77 433.75 69.54

2010 3775.83 1613.55 67s27 49.47

2015 3007.16 1859.74 t202.71 44.37
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37.6

Flgurc 3.2: tUtC Statisdcs (1E):,.20151

The findings depict that land use trends have changed at a significant level during 1993-2015. A

clear increase in impervious surfaces and major decline in the green cover within study area has

been observed. Over the period of two decades, urban expansion has occurred to an enonnous

level throughout the area most specifically the areas which were already highly urbanized and

populated.

3.2 Land Sur{ace Temperature (LST)

There is a close relation between land cover and temperature because transformation of natural

landscape into anthropogenic land use and land cover causes the earth's physical properties to

change and this change affects LST (Lo and Quathochi, 2003). Albedo of impervious surfaces is

very low while the albedo of natural surfaces such as grass and water is high. Construction of

houses, roads and other buildings require removal of forests and grasslands. Impervious surfaces

such as roads, buildings and other infrastructrne absorb heat and retain high temperature even

after the sunset. A lot of transporting vehicles are fi.rnctional in the cities which contribute to the

high temperature by releasing GHG's and smoke. Contrary, rural areas cool down rapidly as

there is less infrastnrcture and derse vegetation which does not store heat and thus keeps the

temperature low as compared to the urbanized areas. The main reason for high temperature in big

cities is human activities and anthropogenic land use land cover which changes the landscape

and land surface properties.
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For each year considered, LST was calculated to assess the temperature dynamics of study area.

This section includes ttre results of LST for years 1993,2001,2010 and 2015. The LST of the

study area for all the respective years is shown in figure 3.3. The minimurn value calculated for

LST in 1993 is l4.3oc while the maximum is 40.2oC. ln 1993, the cities were not so much

crowded and development process was very slow. Besides, the forest cover was sufficient and

intact so, the areas experiencing manimum temperatures were very less while most of the area

had medium and lesser temperature as shown in figure 3.3a. The change in LULC particularly

reduction of forest cover and doubling of the percentage of urban area has resulted in rise of

temperature in year 2001 which is shown in LST pattem (Figure 3.3b). The minimum

temperature was raised to l6.4oC while morimum value increased upto 45.7oC.

Later after another decade in 2010, the minimum and ma:rimum temperatures reached upto

15.8oC and 44.3"C respectively. The temperature profile was stable in comparison to year 2001

but is slowly and gradually increasing till 2010. Satellite data statistics shows an increase in

minimum and mil(imun temperature in Islamabad between 2001 and 2010 which can be

correlated to avenues construction in that time frame in Islamabad city. The LST of years 2001

and 2010 got high due to the intense climatic and metrological conditions which also influence

the daily LST (Zhang et a1.,2014).

A bit stable temperature trend is seen in later years in the study area although land clearing is at

its peak for construction and developmental projects. The minimum land surface temperature

value for the year 2015 is l5.4oC and manimum is 41.8oC. LULC of year 2015 shows an increase

in vegetation cover due to plantation and aforestation activities. The distribution of areas having

maximum temperature has also increased throughout the study area both in 2010 and 2015 due to

increase in impervious surfaces.
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Ff,urc 3.3: land Surface Tempcrature proftlc frcm 19!13-2015 (a] LSI pattern lE 3 (b) I.ST

pattcrn 2IXrl (cf lsT pattcm 2010 (dl LST pattern 2015

Daily temperature and rainfall data of available station (Rawalpindi Tehsil and Islamabad

District) collected from Pakistan Metological Departrrent (PI!D) was also analyzed. Rainfall

for all the considered instances was Omm whereas the temperature has been shown in figure 3.4.
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Egurc 3.1: Graph showlng Minlmum and Madmum Tcfipcrature rccorded by PMD for
(a) RawalpindiTehsil and (b) lslamabad Dlstrict

Because weather and climatic changes becomes obvious in minimum of 30 years time frame

(Huber and Gulledge,2011) therefore if we conclude from 1993 and 2015, changes are obvious,

but for short time instances considered in betweerl changes are not obvious as the instance may

be affected by the metrological conditions of that time or an extreme weather event.

3.3 Urban Heat Island

Urban heat islands are zones with modified and complicated climate which is formed usually in

densely populated and urbanized areas when the concrete, steel, glass and other impervious

surfaces absorb solar radiation and trap it raising the temperature of that particular area (Barnes

et al., 2001). The temperature of UHI prone areas is several degrees higher than the rural areas

adjacent to them (Devi, 2006). In addition to the absorption of solar heat by impervious surfaces,

artificial heat through vehicular emissions and industrial production also exacerbate UHI effect.

Lack of ventilation and air movements due to tight urban geometry both horizontally and

vertically intensifies this effect (Liu and Liu 2012). The temporal distribution of urban heat

islands throughout the study area is shown in figure 3.5. The findings show that the formation of

urban heat islands is mainly in areas with high built up and opens land as both of these are

impervious surfaces having greater capacrty ofheat absorbance and storage.
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ClupterS Results and Discussion

A clear climatic modification can be observed in the study area from 1993 to 2015. The findings

reveal that UHI intensity is high in areas with urban and open land whereas low to medium in

zones with sufficient vegetation and less built up. The difference in temperature is due to the fact

that urban sprawl towards the non-urbanzed areas has caused the ratio of impervious surfaces to

increase and trigger the formation of UHI phenomenon. The temperature for open land is higher

as it has more surface are4 sand content and capacity to absorb heat while that of built up is

slightly lower (Shah and Ghauri,2015). The UHI prone areas were divided into five categories

i.e. very low, low, medium, high and very high on the basis of difference in land surface

temperature between them.

The "Very lou/', "Lof', "Medium-, "High- and "Very high" temperature areas have LST

difference of 1-3oC, 3-6oC,6-8oC, 8-12"C and 12-l5oC respectively from their surroundings and

less urbanized areas. The resultant UHI maps for year 1993 clearly depicts a smaller portion of

area with high Lnil intensity (Figure 3.5a) but increased distribution of 'tery high" temperature

zone is visible from 2001-2015 (Figure 3.5).

In 1993, the extent of UHI effect was very less and confined to Rawalpindi tehsil of the study

area as shown in figure 3.5a The built up area was low in 1993 and a dense vegetation cover was

present which allowed less radiation to be absorbed in the absence of impervious surfaces. A

decade later in year 2001, built up area increased in Islamabad and Rawalpindi cities due to the

construction and expansion activities therefore the distribution of high UHI zone also increased.

It was observed that the temperature extent was high for built up and open land due to clearing of

vegetation in comparison to vegetated and green areas. This is in relevance to LULC change

results for these years (See Figure 3.1 for details) Islamabad district and Taxilla tehsil which had

low UHI extent in 1993 transformed into 'tery high" whereas in year 2001 many previously low

temperature areas fumed into 'tnedium" category ,rs compared to their adjacent areas (Figure

3.sb).

Later up to year 2010, UHI zone with 'aery high" effect can be seen widely distributed

throughout the study area Tehsils of Gujar Khan, Kahuta and Kallar Syedan which were

relatively cooler in the previous years have been transformed into "high" and 'Aery high"

category as shown in Figure 3.5c. The vacant land was in very high percentage while the

vegetation was lowest during the year 2010 (Figure 3.lc). There was not massive development

and constmction in Murree and Kotli Sattian brt recently these areas are also being urbanized
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because of construction of tourist athaction and recreational facilitates such as amusement parks,

hotels, aparhnents etc. The results showed that the temperature in vegetated areas and water

bodies is low as compared to built up areas and vacant land and falls in the low category even if
the surrounding temperature is high. Though plantation projects by federal and provincial

authorities have contributes to the increase of vegetation cover from 26.39% to 30.4o/o in 2015

(See Figure 3.1 for details), the UHI still seems to expand its extent as the construction and

development activities have no limit to them. The "very high" zone has dominated the major part

of the study area in year 2015 as shown in Figure 3.5d. It is concluded that from 1993 to 2015,

UHI intensr$ and distribution has increased dramatically in districts of Rawalpindi and

Islamabad. Areas become hotter as robust urban expansion is at its peak.

Flturc 3.5: Urb.n He.t lsLnd Map (a) UHI pattcrn 19!13 (bl UHI pattcrn 2dr1 (c) UHI
prttcm 2010 (d) UHI pattcfn Ar15
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