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ABSTRACT: The study intaimsto evaluate the impact of landscape (Land use land cover) changes
on Land surface temperature (LST) by using GIS and Remote sensing (RS) techniques in Lahore
during 2017-2021.Supervised Maximum Likelihood classification method was used to classify the
land use and land cover classes. For retrieval of Land surface temperature, the Landsat 8 (Band 10)
product level 2 was used. Barren land and built- up area were identified as the most leading LULC
classes respectively in the study area at the cost of vegetation cover and water bodies. The barren land
class increased from 55.9% to 63.81% ,while the Built-up class also increases from 13.5% to 18.46%
during 2017-2021.Whereas , vegetation and water bodies both are exhibiting the decline. The decline
in vegetation class was reported from 29.58% to 17.6% over the time 2017 to 2021.Overall, 0.3 %
decrease is observed in water bodies. In 2017 the 3-C decline is observed in land surface temperature
(LST) value than 2021.Built-up and Vegetation classes can contribute a significant role in variation of
LST in comparison to the water bodies. These results will be very helpful to understand the LULC
changes and eventually it will assist the land management authorities, policy maker and town planners

as well.
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INTRODUCTION

Land is considered as an inevitable source for
better human living (Scanlon et al., 2002; Zahoor et al.,
2019).Land use land cover(LULC) changes (thereafter
referred to as landscape changes) in response to
anthropogenic activities over time outcome of numerous
multi scale (i.e., micro to macro and regional to global)
ecological consequences/results /impacts such as changes
in surface energy balance and land surface
temperature(LST) (Dutta et al 2019; Das et al
2020;Waleed and Sajjad ,2022).The context of these two
terms; Land use and Land cover are entirely different but
normally used together.

Land use denotes the utilization of the land for
different/diverse  socio-economic  connotation e.g.,
cultivation, farming. infrastructure and in many diverse
forms (Gregorio, 2016; Naz and Rasheed, 2017;Alawamy
et al .,2020).Whereas land cover means /refers to the bio-
physical state of earth like, mountains ,woodlands and
wetlands etc (Cihlar and Jansen, 2001); Hassan et al.,
2016; Yonaba et al ,2022;Romaguera et al.,
2018).Human induced activities are considered the
drivers of LULC modification on earth surface. In present
decade, the studies related to Land-use modifications
have gained more attention due to increase in
environmental problems resultant from human induces
activities e.g., urban sprawl, desertification, and
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transportation (Lin et al 2015; Song et al., 2018; Hussain
et al., 2022) Moreover, due to accessibility and free of
cost acquisition of Landsat imageries/data sets/products ,
make it more convenient to assess and evaluate the land
use changing patterns and trends more effectively with
regular time intervals. The studies related to Land change
are also significant because it adhere/discourse/discuss
the problems associated to/linked with Earth’s energy
balance and bio-chemical and physical processes, which
directly affect the micro to meso scale urban climate and
ecological processes(Dewan et al., 2021a; Yohannes et
al., 2021).

Adnan et al, 2020 stated that land-use
modification considered a key element to describe the
frequency and rate of degradation of various ecological
processes.

Generally ,the effect of land cover changes are
mainly perceived as an environmental phenomenon such
as urban heat island (UHI), land surface temperature, loss
of biodiversity, degradation, and flash flood.

It is observed and documented that land-use
modification effect the micro climatic conditions of land
surface due to ever-changing land-use patterns ,such as
Jreplacement from natural to impervious surfaces and
consequently the underlying surface temperature will
show the rising trend as impervious/dark surfaces absorb
more heat (Gogoi et al., 2019;Khan et al., 2020).
Therefore, cities are more vulnerable to the harsh climate
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or experiencing higher temperature than surrounding
suburbs due to the UHI effect induced mainly due to such
modification in land use patterns (Rinner et al., 2011;
Roberts, 2015; Akbari and Kolokotsa,2016). Migration
from rural to urban areas and urbanization requires more
basic civic amenities of life like, housing, food, medical
services, etc. Therefore, this enables more urban and
structural development, and its badly affected the habitat
life. Floods are associated directly with changes in land
use patterns. The rate of water discharge is primarily
linked with land cover type. For instance, with gray and
impervious surfaces, the water can not easily percolate
the surface, so the probability of flash floods is numerous
in humid areas. (Adnan et al., 2020). Several studied
have reported that approximately 40 % of earth surface
area is transformed to the other land use classes, and
these  transformation/modifications are  primarily
associated with the ecological or environmental problems
we are facing on earth and predicted to be in near future
such as the degradation of natural systems which are
crucial for sustainable life on earth (Chaudhuri & Mishra
2016; Malik et al., 2019).

Urbanization is not only considered as an
inevitable anthropogenic activity linked with these
changes but also the main factor of spatio temporal
LULC changes (Msofe et al., 2019) .In previous decades,
rapid increase in population and economic growth have
accelerated the urbanization process. It is estimated/
projected that by 2050 approximately 2.5 billion or 70%
of world population will be residing in cities and defined
urban centers. On the other hand, in 2018 only 55%
global population were inhabited in cities while the share
of Asia and Africa in global population is 90% (Kundu
and Pandey, 2020). Furthermore, this prevailing situation
would further increase the urban growth, by altering the
Earth’s surface on large/massive scale. Consequently,
several challenges linked to microclimate and sustainable
ecosystem services.

Land use Land cover change detection mapping
in the context/setting of rapid urbanization and its
correlated impact on climate/climatic parameters (i.e.,
LST) to comprehend climatic data is considered to a key
factor and fundamental approach for efficient and
sustainable development. The modification of land use
and land cover from impermeable to built-up area( from
agricultural, forest and open spaces to gray structure) as a
result of rapid wurban growth induces local
climate,increasing

The LST leading to urban heat island (UHI),
vulnerability to floods, ecological degradation, and
habitat loss. Moreover, LULC changes have sever
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consequences on ecosystem services at the cost of
compromised comfort of urban areas (Wiggins, 2000).

Thus, the monitoring and assessment of LULC
modification offers prospects to comprehend its
continuing/ongoing association/relation with LST, which
is a robust climate change indicator (Van Vliet et al.,
2016; Akinyemi and Mashame, 2018; Sabagh et al.,
2020).In addition, efficient evaluation of LULC changes
provides important statistics and data about urban
expansion, desertification, disaster assessment, planning,
and management of existing land resources. Land use
land cover maps analysis and interpretation is easy, so
maps are considered the essential tool for policy makers,
architect and town planners.

For LULC change detection and analysis,
geographic information systems (GIS)and Remote
sensing methods are considered an ideal and reliable tool
over traditional manual means like land and statistical
records. Furthermore, the integration of Remote sensing
and GIS techniques are well recognized/documented for
their cost friendly, efficient, and accurate data retravel
and for acquisition of reliable findings (Kafy et al., 2020;
Mumtaz ,2020)

Study area: The present study was carried out in Lahore,
due to its growing population influx, economic
development, and faster urbanization during previous
years. The geographical coordinates (UTM) are: 31° 15'
and 31° 43' N latitude and 74° 10" and 74° 39' E
longitude. The total area of Lahore is 1772 square
kilometers and 217 meters elevated from sea level
(GoP,2002).

Rapid population growth and rural-to-urban
migration are the main drivers of urbanization. On the
other hand, the city has to manage the growing demands
for land to accommodate the increasing population influx
and pressure. Due to the urbanization which led to
infrastructural growth and expansion has been
remarkably contributed towards LULC modification
resulting the change in other LULC classes to residential
and built-up areas, which eventually effects climatic
conditions on micro or local scale such as differences in
land surface temperature(LST) (Mundhe et al., 2014;
Kafy et al., 2021). During this process, unplanned growth
and expansion of built-up/residential areas, mostly in
urban centers/ mega cities like Lahore, has created many
problems related to urban expansion, deterioration of
ecosystem services, and multiple environmental issues
(Chen et al., 2019; Han, 2020; Sarkodie et al., 2020).To
address/Adhere such issues and to support sustainable
urban planning, it is important to assess the spatio
temporal trends and patterns of diverse land use types in
Lahore and its linkages with LST, if any
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Table: 1: LULC Classes.

Class Description

Built-up Residential, commercial, building, infrastructural development, industries, transportation etc.
Vegetation Mixed forest, shrubs, bushes, cultivated area. Crop fields, aquatic vegetation, agricultural land etc.
Barren land Open land, fallow land, open spaces etc.

Water bodies

Lakes, ponds, swamps, ponds, canals, reservoirs etc.

MATERIALS AND METHODS

Landsat 8 product or data set (path 149/row 38 )
cloud- free imagery obtained for the years 2017 and 2021
, were downloaded free of cost from the United States
Geological Survey’s (USGS) Erath Explorer website
(https://earthexplorer.usgs.gov). In order to acquire the
cloud- free imagery for land surface estimation the month
of June is selected as it considered dry and hot month in
the study area. The Landsat 8 , image spectral resolution
is 30 x 30 meters. The obtained Landsat imageries were
already georeferenced or projected by using World
Geodetic System(WGS) 1984 UTM and 43 N zone
coordinate systems which is suitable for the study area.

LULC classification technique is most
extensively used for finding or retrieving the data from
satellite imageries. Moreover, there are two image
classification methods are usually adopted for land cover
classification: supervised and unsupervised (Lang et al.,
2008).

For this study, the Maximum likelihood
supervised classification algorithm was applied/adopted
using ArcGIS software 10.3.Built-up area, vegetation,
barren land, and waterbodies four LULC classes were
identified based on classification scheme.

The detail or description of these classes is
mentioned in Table (1). The aforementioned, LULC
classes are further validated by using Google earth Pro
JAccuracy assessment is a significant feature of Image
classification. Accuracy assessment techniques i.e.,
Kappa coefficient ,error matrix and indices-based
techniques have been used in numerous studies to
generate LULC classification maps (Manandhar et al.,
2009; Rahman et al.,2019; Shahfahad et al., 2020;
Talukdar et al., 2020).Accuracy assessment and Kappa
Coefficient technique were used in this study to calculate
the accuracy of LULC maps of Lahore. By using Google
earth pro almost 40 and 48 points were selected randomly
from each land LULC classes has been taken for the year
2017 and 2021 to obtain the accurate results .Over all
accuracy assessment of this study was 92.5% and 95.5%
for the years 2017 and2021 respectively. The Kappa
Coefficient value was 90 % for 2017 94% for 2021.
Accuracy assessment and Kappa values indicted that the
classification technique and collected ground control
(truth) points were used in useful and appropriate way.
The post classification Accuracy assessment is one the
imperative feature of LULC classification method that is
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widely used to investigate the accuracy and authenticity
of the classified maps. So, the classification accuracy
method not only validate the quality of maps but also
helps to assess the applicability classified map for future
use.

Normalized Difference Vegetation Index (NDVI): To
assess or estimate the greenery density on land, the
researcher must observe the visible and near-infrared
wavelength reflected by the vegetation cover. NDVI is
primarily used to figure out the vegetation abundance.
The outcome of this method is known as Normalized
difference vegetation index that can be calculated by

following equation (Mohammed et al., 2019).
(WearlRed — Red)

(NearIRed + Red)
The value range lies between -1 to +1 for

calculation for NDVI from Landsat images The value for
soil may have nearby zero, whereas the water bodies
having negative values (John et al., 2020). With the
increase in vegetation the value of NDVI will also
increase in positive way (Spisni et al., 2012; Spadoni et
al., 2020).

Retrieval of Land Surface Temperature (LST): The
following steps have been executed to calculate the land
surface temperature from Landsat 8 level 2 product. The
Landsat 8 images for the month of 14" and 9" June 2017
and 2021 were downloaded from USGS. First the image
was clipped to the study area shape file. As per USGS
data source the calculation of surface reflectance from
Landsat (collection 2) has scale factor of 0.0000275 and
an added offset of -0.2 per pixel. On the other hand, to
compute the surface temperature of the study area the
Landsat (for collection 2) the Band 10 is multiplied by
0.0000341802 for the scale factor and then 149.0 is
additional off set to get 302.6 kelvin after the scale factor
is applied.

NDVI =

RESULTS AND DISCUSSION

The table 2 illustrated the changes occurred in
LULC classes over time 2017 to 2021.The total extent of
“Barren land” in 2017 was 996.8 square kilometers(
55.9%) and in 2021 the barren land occupied the highest
class with 1104 square kilometers(63.81%).0n the other
hand, vegetation class is also showing the decline trend
during the selected time period. In 2017 the area covered
by vegetation was 511.7 square kilometers (29.58%)
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while it was showing the decreasing trend in 2021.In
2021 the total vegetation cover was reported 295.2 square
kilometers(29.58%).The overall decrease in vegetation
class was documented 11.98%.The major reason of this

rapid decline in vegetation cover was the removal of
vegetation cover
purposes to meet the demand of growing population and
rural urban migration from suburbs to the Lahore.

for infrastructure and settlement

Table 2.
Barren land 996.8 1104 55.9 63.81 -7.91
Vegetation 511.7 295.2 29.58 17.6 11.98
Built-up 234.4 319.4 13.55 18.46 -4.91
Water bodies 16.74 11.45 0.96 0.66 0.3

Land-use and Land cover change matrix 2017-2021

The built- up class is also showing the
increasing trend from 2017 to 2021.In 2017 the total
built-up area was reported 234.4  square
kilometers(13.5%)and in 2021 the total built-up area is
319.4 square kilometers(18.46%).

Therefore, the decrease in built-up area was
(4.91%) .During past few decades vegetation class was
altered into the built-up area since many housing
societies are developed and constructed in South and
Western sides. The decreasing trends were also
observed in water bodies class same as vegetation class.
In 2017 the area covered by water bodies werel6.7
square kilometers (0.96%) and in the year 2021 the
extant of water bodies were 11.45 square kilometers
(0.66%).The overall 0.3% change was detected in water
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bodies class in the study area. Moreover, during the past
5 years (2017-2021) the built-up area and barren land
both indicting the rising trend in Land use and Land
cover classes. While the vegetation and water bodies
classes were showing the decline in area. Both land
cover classes i.e., Barren land and Built-up were
showing growing trend due to massive alteration into
other two classes respectively vegetation and water
bodies. Due to the anthropogenic activities the LULC
changes are noticed in the study area. As a result of this
LULC changes the large-scale transformation the
vegetation cover (natural surface) into the built-up area
(impervious surfaces) has been increasing he land
surface temperature in the study period (Figure 3).

31°4.10'N

31 °:I$0'N

z
<)
y_
®
Legend
- Waterbodies
z B vegetation
;‘°' A - Built-up
5
[ = = e——
“loss 12w Zrm -Barrenland
TR T410E 7420 T4°30E T440E

Figure: 1 Land use and land cover maps 2017 on left side and 2021 on right side.
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Figure 2:NDVI maps 2017 on left side and 2021 on right side.
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Figure 3: Land surface maps 2017 on left side and 2021 on right side.

The normalized Difference vegetation index
(NDVI) was assessed by using Landsat images of 2017
and 2021 as given in (Figure 2). Arc GIS software (10.3)
was used to classify/obtain the vegetation cover. In 2017
the NDVI value ranged between -0.070 to +0.431
whereas in 2021 it is derived that NDVI ranged between -
0.063 to + 0.449 in the study area.

Land Surface Temperature Pattern (2017-2021): The
study area Land surface temperature pattern was
estimated /assessed for the month of June for the years
2017 and 2021.The results indicated/exhibited that
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maximum temperature is continuously increasing, the
maximum surface temperature was calculated 57.3-C and
54.6°C for the year 2017 and 2021 respectively. The
overall 3-C surface temperature variation is observed
during the study period. Figure 3, highlighted the brighter
yellow colour showing the maximum/higher temperature
while the bluish shade is showing the minimum /lower
temperature. Since 2017 the built-up area and Land
Surface temperature increase in similar pattern. Due
anthropogenic activities and rapid urban growth
vegetation cover is transforming into  built-up
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infrastructure as they absorb more heat and energy than
the natural surfaces. On the other hand, the re-radiation
process is bit slowly which is the main reason of higher
surface temperature. Many studies reported that there is
direct relationship between urban landscape and Land
Surface Temperature(LST) (Ullah et al., 2019; Bokaie et
al., 2016)In this study, the maximum temperature is
decreasing in year 2021 that is totally revers or unlike
from previous studies. The reason was the outbreak of
Covid 19.1t was declared the global pandemic and due to
lock down the emission of energy from industries,
vehicles and other sources was less to the atmosphere.
Moreover, it is reported and documented in many studies
that LST is showing the constantly rising trend in Lahore
as vegetation cover is changing into built-up area (Aqil.,
2022; Mumtaz .et al 2020)

Conclusion: For this research, supervised image
classification maximum Likelihood method was executed
for Land use land cover change (LULC) classification
and analysis. Landsat 8 dataset have been acquired
atrained/obtained over the time 2017 and 2021 to
retrieve/calculate the LST and NDVI in Lahore.lt was
detected that “Barren land” class increased from 55.9% to
63.81% for the years 2017 and 2021. The built-up class
also increased from 13.55% to 18.46%. in 2017 and 2021
correspondingly Furthermore, the extent of vegetation
class had decrease from 29.58% (2017) to 17.46%
(2021). The 0.33% decrease was detected in water bodies
class. The radiation characteristics of each land use land
cover class is entirely different owing/due to its diverse
nature.Consequently, the urban development and other
human induced activities affect the surface temperature.
Transition from natural surfaces(water bodies or
vegetation) to impervious surfaces (Built up and Barren
land) is the key factor of higher Land surface temperature
.On the hand, the alteration of areas from impervious
surface to into natural surfaces has helped to lesser the
LST. This study will also provide the useful and
significant insight to government and decision makers to
initiate the eco-friendly strategies like development of
urban green spaces and insertion of vertical plants and
green roofs ideas to mitigate higher Land Surface
Temperature in Lahore.
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