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Abstract
Urbanization directly affects the existing infrastructure, landscape modification,
environmental contamination and traffic pollution especially if there is lack of urban
planning. Recently, the rapid urban sprawl has resulted in less developed green areas and
has devasting environmental consequences. This study was aimed to study the past urban
expansion rates and Measure LST from satellite data. The Land use land cover (LULC)
maps of years 1996, 2010, 2013, and 2017 were generated using Landsat satellite images.
Four main classes i.e. water, urban, bare land and vegetation were identified using
unsupervised classification with iterative setfjanizing data analysis (isodata) technique.
The LST from satellite thermal data can be derived from different proceduregphsrios
radiometric calibrations and surface emissivity corrections, classification of spatial
changeability in landover. Different methods and formulas were used in the algorithm
that successfully retrieves the land surface temperature to help ustiseudlyermal
environment of the ground surface. To verify the algorithm, the land surface temperature
and the neaair temperature were compared. The results showed that, Fror2Q296
urban areas increased to about considerable increase of about 48fédewfaity also
shown in reduction in LST from year 19261 7that actually began their transitional phase
from rur al to urban LULC. Mean temperature of
year in the month of October. The green and vegetative areesged a decrease in area
while higher number of pixels increased in urban class
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1. Introduction

Due to rapid rates of urbanization across the globe, biophysical, environmental elements are at
high risk.With everyday passing the subject of urban heat and LST have wide interestin remote sensing
and GB (Guo et al. 2012). Muhammadi et gR012) delimited urban growth as the extent of
urbanization which mainly due to migration and population growth, asdah adverse effect on the
physical environmental elements and natural resource. Nowadays urban planner and policy makers have
categories settled areas into rural and urban. Due to greater markets access from rural areas and business
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hubs along with polital power, transportation, better health, education, and communication facilities
people use to live near cities urban areas. With the passage of time as cities growing rapidly problems
are growing as well, stress on natural resources and surroundisgramese but also increased the
amount stressin planning and management that was prerequisite to keep those cities on the trot.

For physical environmentalists and policy makers urbanization is an important topic (Jat et al
2008).due to urbanization dratic changes occurs in LULC around urban expansion areas. Usually
green areas including forest and agriculture leads to subsequent transformation to build up areas (Rimal
2012). By the growth of urbanization man made features increases as trade of decratasal land
covers like vegetation, water bodies and environment. Urban expansion actually alters the land surface
characteristics which include soil moisture, surface albedo and land surface temperature.noteable
temperature difference occurs betweaml and urban areas around urbanization, construction material
like asphalt and other roads pavements absorb energy at day time and emit at night time in urban areas,
which is quite difference in suburban and rural areas which most of part is covenecegétation
which is less absorbent to heat at day time(Gallo. 983 Matthews2012.According to Vernberg
et al.(1996) urbanization has adverse effects on health and human actétlaon is another major
problem caused by urbanizatiodPollutants sustain in environment in different form i.e. it can be
liquid, solid, gas and even in form of energy. Waste of energy due to daily human activities cause
unwanted effects, like in access of heat in environment. When urbanization occursit efftirtg e
environment setup and energy balance in environment by modifying the transfer and storage of energy.

This gives upswing to the singularity called
heat island (SUHI) effect can be defined as the aw®d in urban areas temperature in contrast to
chillerneighboring rural arsa, 6 accor di ng (201B8). FEareb (2005) destiftiet thad |
impermeable surfaces have a deleterious relationship with environment, as they have armate the
capacity tlan green areakahoremetropolitan city has experienced substantial growth in terms of its
unplanned population growth and geographical administrative area in recent years. Due to-the rural
urban migration Lahore city experienced unplanned urban growihg. Bee administrative, financial
and cultural hub led to consistent urbanization expansion of the city, to lodge the increasing population
growth. For modelling climate change and greenhouse (e.g. Global warming) effects LST
measurements are flatteringpadar (Dousset and Gomelon2003). Urban areas having paved roads,
settlements, houses and other concrete structures have a higher surface temperature owing to impact of
land surface temperature (LST),while green areas and vegetative cover having lofaee su
temperature daito greenness (Kumar et2012). Currently urban Planners and policy makers are using
land surface temperature LST information for batter urban planning as it is the leading factor of
directing the urban climate.

LST has antagonistitnpressions on the atmosphere and physical environment elements. It
embroils in the process of escalating heat flux exchanges land radiation in the atmosphere For instance,
(Alsultan, 2005). For studying local regional and global environmental changasL&key factor
forguesstimating surface and atmospheregnexchanges (Lo and Quattro@®03; Warand Dozier
1996; Mallicket al2008).Through the Understanding of LST distribution over area urban planners will
be able to discover new ways of solvindban problems for the city of Lahore.It is necessary to
determine the occurrence and extent of the LST for the city of Lahore during this study. Land use land
cover (LULC) relationship with LST can also be observed areas of Lahore that may have gorie throug
perceptible changes over period undeservation will be identified

2. Land Surface Temperature (LST)

Land surface temperature (LST) is a significant consideration which is convoluted in
evapotranspiration procedure and energy balance, land surfaceaampéL.ST) basically involves
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between the interaction of grourahd atmosphere (Alsultan et &005). Valiente et al (2010)
meteorological stations usually measured land surface air temperature as the air temperature near the
earth's surface. Crust teamature of the land surface means LST .Heat transformation process between
surface of earth and atmosphere is dependent on many factors including soil moisture rate,
surfaceemission, type of material on the earth's sudadesolar radiation (Sun 200Rjnner and

Hussain 2011).

Land Surface Temperature (LST) also affect by several factors like the amount of
exposure to sunlight, Earthoés energy bal ance
physical biological proses of the Earth and chiead processBecker and Li1990). Spectral
radiance needs to be calculated before estimating the LST. Sensor calibration data for the
specific satellite is used for transforming the Digital Number (DN) values of the individual
pixels of the satellite imaginto spectratadiance (Markham ari8larker 1986). Landsat(TM)

TIR images can be used for regional ardbscale study of LST (Larson a@érnahan 1997).
For larger area remote sensing satellites is chosen over point dimensiongrutiakefor the
LST (Dash et al2002).

Study Area

Lahore district is a district in the Punjab province of Pakistan that contains the city of Lahore,
the district and provincial capitalotal area is about 1772 knEomprises of ten major administrative
towns. P a kaccessilslecity ©ne mam $ine transportation and other facilities almost 24 hours.
The roads in the city are well maintained and are broadened to meet thecontinuously increasing
population.

Fig. 1. Study Area District Lahore, Pakistan.
3. Data and Methodobgy
Image pre-processing

Landsat TM images were obtained from 4 different temporal years 1996,2010,2013,2017
respectively, images used are from the similar season. Images werefegeaced to a common
geographical coordinate system (WGS 84).Images wigneed on study area boundary using Lahore
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District Shapefile. By using radiometric corrections DN were converted to satellite radiance which is
further converted to surface reflectance.

Image classification

For concealment of LULC during the speedy urbation since the 1996s, land cover
classification is required to examine the impressions of human activities on regional scale. In this study,
the Landsat Thematic Mapper (TM) data acquired on 1996, 2010, 2013 and 2017 were used. Images
were classified it major four classes, the categories include: (1)-opilarea, (2) vegetated areas, (3)
water bodies and (4) bare land. An unsupervised classification technique were used-datta Iso
algorithm employed to classify the Landsat images to quantify eadhuise class.

LST Calculation

LST is actually skin temperature of the land surface, which effects through the process of water
and energy exchanges through the atmosphere. The LST from satellite thermal data can be derivedfrom
different procedures:atmosptic, radiometric calibrations and surface emissivity corrections,
classification of spatial changeability in landver, etc.

Dueto seasonadnd interannual variability of the atmospheric conditionsatmospheric water
vapor content varies over time. Thi#ll result can be firm for the discrete thermal images and then
compared between multiple periods. Landsat TM thermal infrared bani12G@&m) data were used
to derive the LST. LST is derived from two steps: First of all, the digital numbers (DNS)rarerted
to topof-atmospheric (TOA) radiancé (, mW/ (cnfs ©m) using (Eq. 2 (Chander and Markham
2003)

Top of Atmospheric Spectral Radiance (TOA)

Landsat OLI and TIRS bands data can be converted to Top of Atmospheric Spectral Radiance
(TOA) usingthe radiance rescaling factors provided in the metadata file. According to USGS website
following formula is used to calculate TOA.
, -1 ! 1)

Where
, = TOA spectral radiance (Watts/ (m2* srad *
- = Bandspecific multiplicative rescaling factor from the metadata
(RADIANCE_MULT_BAND_x, where x is the band number)
I = Bandspecific additive rescaling factor from the metadata
(RADIANCE_ADD_BAND_x, where x is the band number)
1 = Quantized andaibrated standard product pixel values (DN)

0 o6 0660 O 2

Where DN is the pixel digital number for band 6, ndag 6 0 = 255 is Maximum quantized
calibrated pixel value correspondingito ,0 6 6 0 = 0 is Minimum quantized calibrated pixel
value correspondingio , 0 =17.04 (mW/crtfOm) i s ssensocradiaace thaa is scaled
to0 6 60 andminL=0(MmW/ciAs r L. Om) i ssensopradince that is sgaledtd 6 0 .
Secondly: to tomf-atmospheric (TOA) radiancel(, mW/ (cnfsr L Om) was convert
surface temperature using the Landsat specific atiraf the Planckwve (Eq. 3 (Chanderand
Markham 2003

-41-



Environrent, Earth and Ecology Vol. £020),3871 49 DOI: 10.24051/ee&B0757
Usman Ahmed Khan

"4 ——— cxpréé. (3

Where

0 "Y= Top of atmosphere brightness temperature (C)

, = TOA spectral radiance (Watts/{th sr ad * & m))

+ =Bandspecific thermal conversion constant from the metadata
(K1_CONSTANT_BAND_x, where x is the thermal band number)

+ =Bandspecific thermal conversion constant from the metadata
(K2_CONSTANT_BAND_x, where x is the thermal band number)

4. Result and Disaission
Land usetover changes

The LULC images generated using satellite images from 996, 2010, 2013 and 2017 respectively
in Fig 2lmages were classified into major four classes, the categories include: (IYpbaika, (2)
vegetated areas, (3) water Exland (4) bare land. An unsupervised classification technique were used
with Iso-data algorithm employed to classify the Landsat images to quantify each land use class.

| LULC Changes in Lahore from 1996-2017 A |

Fig. 2. Classified satellite images of Lahore in Oct, 1996, 2010, 2013 and, 2017.

Urbanization can be seen through satellite images from-2896 in Fig 3, same area can be
observed in different four temporal images from 1996 to 2017 continuous growth of urban area in
prominent.

Satellite images transition zones are very promineniaiges, where we can see an incremental
ur banization in Fig 5 and Fig 6respectively. Fig
Fig 6 showing east and south part of Lahore having considerable urban growth in major geographical
area.

Land usdand cover (LULC) of Lahore District for the years 1996 to 2017 was derived from
Landsat data through unsupervised image classification and the maps are presented in figure 1. Statistics
of Area in ha for the classes in images i.e. water, vegetaticam areas and bare land and the results
of change analysis for the years 1996 to 2017 are pott€db 1. The change analysis outcomes in
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table 1 for the periods of 19910, 2012013 and 2012017 exhibited that there is a substantial
decline in vegetive cover and incremental inclination in bare land and urban area. Depending upon
weather condition, water flow and seasonal variation water bodies are quite stable.

In Tah 1. we can see that there is a declining trend of about 5% in vegetation clas986
2010. Urbanarea increased by 18% that is actually considerable increasing trend. This urbanization
majorly to the development of new, and expansion of existing housing schemes to accommodate
exponentially increasing unplanned population. The p&fi@®102013 and 201-2017 there is almost
constant rate of urbanization and decrease in vegetation. The period éf(1I99@as again a period
of higher variation in the land use, bare lands shrunk by 12 % incrementing the urban areas by 48% and
vegetatio shrunk by 19%.The rate of urban sprawl have been alarming with an increase in urban area
by 48% during this period

| Satellite Images of Lahore from 1996-2017

» -

Fig. 4. Urbanization through satellite images of Lahore in 12080, 2013 and, 2017.
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Fig. 5. Urbanizationchange detectiothrough satellite Fig. 6. Urbanizationchange detectiothrough satellitémages
imagesirom 1996 to 2017 from 1996 to 2017

Tab. 1. Classificationmatrix of studyareafrom1 9 9 6 - (BRap 1 7

Area (ha) Change in Area (ha) Change in Area (%)
Class 1996 2010 2013 1996 | 2010 | 2013 | 1996
1996 2010 2013 2017 2010 2013 2017 1996-2017 | 2010 2013 2017 2017
Water 2252.78 2279.35 1749.56 2083.45 26.6 -529.8 333.9 -169.3 1% -23% 19% -8%

Vegetation| 76829.85 | 72717.17 | 67929.65 | 62544.99| -4112.7 | -4787.5 | -5384.7 -14284.9 -5% -1% -8% -19%

Urban 43692.81 | 51429.65| 57495.25 | 64665.55| 7736.8 6065.6 7170.3 20972.7 18% 12% 12% 48%

Bare land 50988.65 | 47538.68| 46790.25 | 44670.55| -3450.0 | -748.4 -2119.7 -6318.1 -7% -2% -5% -12%

LST results

The LST imagegenerated using satellite images frt®96, 2010, 2013 and 2017 respectively.
LST map generated in FigCalculations performed over each images to get LST.There is actually a
positive LST, in every yeathere is an increase in LSIue to urbanization in city.in 1996 the LST
mini mum value was 16UC ane Omex iimumnweas axsle@C . .ufpr dn
which shows incremental trend in LST,in 2013 tr
270C and fiealLBy mhnkmam value was 26UC and max
Lahore city has a positive LST.like Lahore city other major cities showed a positive increased LST at
day time due to urbanization and paved structure .Actually paved concrete structure&absgy at
day time and emit at night time.

In Fig. 8 the portent of surface UHI, the average LSTs of urban area were calculated in the
Lahore District using satellite imag&$he mean LST of Lahore Districtin 1996, 2010, 2013, and 2017
were 18U6, UZ4 PBC, ands p 8 c bmaxirmumyand mhimenof $uByTarea
in the same periods are shown in Fige8pectively.

Transition Zones

LULC maps generatechtough unsupervised classification. There are many geographical
locations in Lahorelistrict which have undergone a transition from bare and vegetation land to urban
land, ultimately increase in LST.Most of land had been bought up by Lahore Development Authority
or by the private housing developers which was previously agriculturer@ndand. Authorities and
other land mafia cleared agriculture fields and natural vegetative cover and converted into new housing
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societies, housing plots, other infrastructure and road network to accommodate the urban population
growthTransitional Phasis a process of conversion of agriculture land from rural areas into suburban
towns.

Fig. 7. LST maps of Lahore in Oct, 1996, 2010, 2013 and, 2017.

Fig. 8.LST maps of Lahore in Oct, 1996, 2010, 2013 and, 2017.

There are many transition zones haviteyelopment pattern of new housing societies around
Lahorein Fig 9 there is a major change in temperature from-P244 due to unplanned urbanization.in
Fig 8 the average temperature was 18UC in 1996 a
lot of changes due to increase in urbanization.
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