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ABSTRACT. Urban vegetation has a decisive role in sustaining homogeneous Land Surface Temperature (LST) in a built-up 
environment. However, urban areas are facing rapid changes in land use/land cover (LULC) over the last few decades as 
green cover is being replaced by built-up structures. Consequently, LST is increasing and urban heat island (UHI) effects are 
expanding. In this context, this study was organized to assess urban green cover changes in Lahore and their impact on 
LST and UHI effects. For this, climate data was collected from the Pakistan Meteorological Department and Landsat images 
were acquired from Earth Explorer. LULC and LST maps were generated for 1990, 2000, 2010, and 2020 in ArcGIS 10.8. Also, 
Normalized Difference Vegetation Index (NDVI) and Normalized Difference Built-up Index (NDBI) were computed to analyze 
the effects of vegetation and built-up areas on LST and UHI. The study found that over the last three decades, built-up area 
increased 113.85% by removing 392.78 km2 of green cover in the study area. Similarly, a rapid expansion of the high LST 
range and UHI effects was found towards the eastern and southern parts of the study area. Moreover, a negative correlation 
was found between LST and NDVI, whereas the correlation between LST and NDBI was found to be positive. Therefore, it was 
concluded that the continuation of green cover reduction is highly damaging because this might render the city more fragile 
ecologically. So, the study calls the attention of the responsible authorities for suitable measures against continuous green 
cover loss in the study area.
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INTRODUCTION

 Human life is strongly dependent on a suitable natural 
environment and cannot properly function without it. A 
balanced natural environment that exists on the earth makes 
it a suitable planet for living. However, human activities are 
continuously damaging the state of the natural environment. 
Urban green cover is significant for urban structure because it 
affects human life in many ways; for instance, urban green spaces 
stimulate better physical, psychological, and mental health and 
provide clean air for breathing. Besides the potential to reduce 
city temperature, the urban green cover offers healthy spaces 
for running, jogging, and walking. Urban green cover provides 
an appropriate environment for recreational and physical 
activities along with opportunities for social interaction (WHO | 
Urban Green Spaces, n.d.). Urban greenness is a well-recognized 

element of socio-economic and environmental benefits. 
Physical, psychological, and emotional relaxation are all provided 
by urban green areas (Mensah et al. 2016). 
 Rapid urbanization and climate change created several 
challenges for urban residents. Rapid urbanization damages the 
urban environment, making it difficult to live in (Habitat, 2016). 
These rapid urban changes include the transformation of natural 
green places into impermeable surfaces, which increase Land 
Surface Temperature (land skin temperature that is derived from 
solar radiation) and Urban Heat Island (the region with a greater 
temperature than the surrounding environment) by shifting 
energy or radiation into the near-surface layer of the atmosphere 
(Aflaki et al. 2017; Forman, 2016; Oke, 1982). These Land Use / 
Land Cover (LULC) changes adversely affect the urban air quality 
and homogeneity of land surface temperature. The change 
of green cover into built-up spaces results in the emergence 
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and expansion of urban heat islands (Yu et al. 2018). Similarly, 
urban heat island negatively affects the urban environment 
as it aggravates air quality and increases energy and water 
consumption, which also has adverse effects on human and 
environmental health (Gunawardena et al. 2017; Varentsov et al. 
2019; Wibowo et al. 2020; Zhang et al. 2017; Zhou et al. 2017). On 
the other side, urban vegetation reduces temperature, minimizes 
UHI effects, enhances air quality, conserves soil, reduces noise 
pollution, and cuts down wind speed (Lou et al. 2017). Urban 
green cover helps to mitigate climate change effects and 
provides a suitable environment for human and environmental 
well-being (Jabbar et al. 2021; Krellenberg et al. 2014). 
 All land cover types have distinct radiation and energy 
absorption capacities; therefore, it is crucial to consider them 
when modifying the physical properties of the earth’s surface 
(Koko et al. 2021; Wang et al. 2017). Land cover modification 
disrupts the energy exchange pattern in the near-surface layer 
of the atmosphere. As a result, land use/land cover changes can 
significantly modify urban microclimate (Abuloye et al. 2015; 
Koko et al. 2021; Palafox-Juárez et al. 2021). Urban land cover 
modification particularly leads to high land surface temperature, 
which affects the thermal properties of the near-surface layer 
of the atmosphere. (Abuloye et al. 2015; Alavipanah et al. 2015; 
Jiang et al. 2015; Palafox-Juárez et al. 2021). Therefore, LST is 
recommended as an essential gauge for examining the earth 
heat balance or solar radiation budget. LST is a helpful indicator 
for identifying human-environment interaction because it 
regulates the bio-physical system of the earth (Kaplan et al. 2018; 
Palafox-Juárez et al. 2021).
 Land use/land cover changes are a chief driver of 
environmental changes at the spatiotemporal scale (Mishra et 
al. 2014). LULC change detection is used to identify its temporal 
variation and helps to manage natural resources. Moreover, it 
provides valuable data on current land cover and a platform 
for future land use planning. Therefore, the assessment of LULC 
changes is a significant source of information for urban land 
use planning and sustainable development of the city (Naeem 
et al. 2018; Yasin et al. 2019). In the recent decade, it has been 
observed that urban areas are expanding rapidly, especially 
in the developing world, and this trend is accompanied by 
significant changes in urban land cover settings, especially 
in the urban green cover (Fu & Weng 2016; Yasin et al. 2019). 
Therefore, it is important to assess urban green cover changes 
at a spatiotemporal scale and their effect on land surface 
temperature and urban heat island (Konstantinov et al. 2015).
 Various studies have found that LULC changes are a major 
cause of the urban green cover reduction, and this reduction is 

rapidly increasing in developing countries (El-Hattab et al. 2018; 
Koko et al. 2021; Palafox-Juárez et al. 2021; Ramaiah et al. 2020). 
Such a pattern of LULC change is highly significant because it 
affects land surface temperature. Because of this, it is crucial 
to examine the relationship between LULC changes and their 
effect on LST and UHI for urban planning and development. 
Furthermore, studies on the relationships between LULC changes 
and LST might be instrumental in an urban environment in the 
context of climate change (Mohamed, 2021). Deng et al. (2016), 
Jiang et al. (2015), Koko et al. (2021), and Palafox-Juárez et al. 
(2021) suggested that land surface temperature is a significant 
predictor of urban heat islands; therefore, an assessment of urban 
heat island can be made based on land surface temperature and 
NDVI data.
 Lahore metropolitan is famed as a city of gardens. It is located 
in Pakistan, in a highly fertile area of the Upper Indus alluvial 
plain. Lahore is an economic hub of Pakistan and functions as a 
dry port for the whole country. This makes it an attractive place 
for living, which also leads to significant and rapid LULC changes 
(Shirazi & Kazmi 2016). The rapid development of built-up areas 
instead of green-covered land is damaging the ecosystem of 
the study area, converting it from a highly suitable place for 
living to an unsuitable one. The negligent behaviour of the 
management regarding the implementation of environmental 
guidelines in built-up areas and lack of accurate data are the 
main causes of environmental issues. Therefore, the assessment 
of urban green cover changes is necessary to identify the right 
pulse of land modification in the study area and overcome future 
environmental consequences. Under these considerations, this 
study was arranged to assess the urban green cover changes in 
Lahore and their effect on land surface temperature and urban 
heat island. 

MATERIAL AND METHODS

The Study Area

 Lahore is the second largest metropolitan area in Pakistan 
by population and the capital city of Punjab, which is the most 
populated province. It is located in the northeastern part of the 
province and extends from 31º 15’ 0” N to 31º 45’ 0” N and from 
74º 01’0” E to 74º 39’ 0” E. According to the census report of 2017, 
the study area has 11,126,285 inhabitants. It covers an area of 
1772 km2 and has an average population density of 6278.94/km2 

(https://pwd.punjab.gov.pk/). Geographically, the study area 
is mostly located in the Upper Indus plain, particularly in the 
alluvial plain of the Ravi river, one of the Indus river tributaries.
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Fig. 1. Location of the Study Area
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Climate of the Study Area 

 The study area is located in a semi-arid region 
characterized by five seasons: (i) Foggy Winter (from mid-
November to mid-February with some western depression 
rainfall), (ii) Mild Spring (from mid-February to mid-May, 
(iii) Warm and Hot Summer (from mid-May to end-June 
with dust and rainy storms), (iv) Rainy Monsoon (from 
July to mid-September), and (v) Dry Autumn (from mid-
September to mid-November). June is the hottest, July is 
the wettest, and January is the coldest month in the study 
area. The maximum recorded temperature is 48.30C and 

the minimum is -2.20C (National Oceanic and Atmospheric 
Administration; Pakistan Meteorological Department).
 The annual minimum temperature, which is presented in 
figure 3, varies from -2.2°C to 4°C. The temperature of -2.2°C 
was observed in the study area in 1996, 2006, and 2008, while 
4°C was recorded in 2016. Regarding the change in the annual 
minimum temperature, the trendline shows a 0.4°C increase 
(0.5°C to 0.9°C) based on data for the last thirty years (1990 to 
2019). 
 The annual maximum temperature in the study area, 
which is presented in figure 4, varies between 44°C and 48.8°C. 
The highest temperature (48.8°C) was observed in the study 

Fig. 2. Climate of the Study Area

Fig. 3. Annual Minimum Temperature in the Study Area

Fig. 4. Annual Maximum Temperature in the Study Area
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area in 1990 and 2000. The trendline obtained from the analysis 
of changes in the annual maximum temperature shows an 
increase of 0.2°C. So, it was found that both annual minimum 
and maximum temperatures have increased in the study area.

Data Acquisition and Preparation

 The study was based on Landsat images, which were 
acquired from Earth Explorer (https://earthexplorer.usgs.
gov/) for the Path/Row 149/38. Spring was selected for 
the analysis as it is the most suitable season for LULC 
classification. The images were acquired for 16 March 
1990, 19 March 2000, 7 March 2010, and 18 March 2020 
according to the availability and clear weather conditions. 
All the acquired images had a resolution of 30 meters and 
are presented in table 1. During data preparation, the study 
area was extracted from the images by applying “extract by 
mask” tool in ArcGIS 10.8 after band composition.  

LULC Classification 

 The study was based on Anderson’s Image 
Classification System (Level-I), which is used by the 
United States Geological Survey (USGS) in the LULC 
datasets. The study area was classified into five major land 
cover classes: (i) Forest Land, (ii) Agricultural Land, (iii) 
Barren Land, (iv) Built-up Area, and (v) Water Bodies. The 
Supervised Image Classification technique was applied 
for the classification. This Landsat image classification 
technique is characterized by the highest accuracy of the 
assessment (Barman et al. 2016; Iqbal & Iqbal 2018). After 
obtaining the classified images, the reclassification process 
was applied to clean misclassified cells using the cleanup 
tool. Then the classified image results were enhanced by 
removing the small isolated regions and smoothing class 
boundaries. After getting the final classified images, raster 
data was converted into polygons. Then the polygons were 
dissolved according to their class, and the area of each class 
was calculated by applying the geometry in the attribute 

table. This procedure was repeated for the classification of 
all the images. 

Accuracy Assessment

 For the accuracy assessment, 450 random reference points 
were generated using Supervised Image Classifiers in ArcGIS. 
After that, the confusion (error) matrix and kappa statistics were 
calculated. Omission and Commission errors were also computed. 
Omission errors occur when a class pixel is included in other 
classes, while Commission error occurs when the system assigns 
pixels of a class that does not belong to this class. Moreover, the 
user’s and producer’s accuracy were calculated in the study. 
 The following equations were used during the accuracy 
assessment process:

 In these equations, N = Total No. of pixels, r = No. of 
classes, Xkk = Total pixels in a row, Xk+ = Total samples in 
a row, and X+k = Total samples in the column in the error 
matrix.

LULC Change Detection

 A post-classification comparison technique was 
applied to detect the change between two classified 
images. All four self-classified images were used for the 
LULC change detection. The change (C) in land cover 
classes was calculated by applying equation 5.
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Years Satellite Sensor Path/Row Resolution (m) Acquisition Day

1990 Landsat-5 TM 149/38 30 16-03-1990

2000 Landsat-7 ETM 149/38 30 19-03-2000

2010 Landsat-7 ETM 149/38 30 07-03-2010

2020 Landsat-8 OLI 149/38 30 18-03-2020

Class Name
1990 2000 2010 2020

U/A P/A U/A P/A U/A P/A U/A P/A

Forest Land 84.48% 81.67% 89.66% 86.67% 89.47% 85.00% 91.38% 88.33%

Agricultural Land 90.65% 88.18% 92.73% 92.73% 92.04% 94.55% 93.75% 95.45%

Barren Land 89.83% 88.33% 90.00% 90.00% 86.89% 88.33% 93.10% 90.00%

Built-up Area 83.08% 90.00% 90.16% 91.67% 88.14% 86.67% 90.32% 93.33%

Water Bodies 90.91% 100% 100% 100% 100% 100% 100% 100%

 
OA = 87.67% OA = 91.00% OA = 90.00% OA = 92.67%

 KC = 0.82  KC = 0.87  KC = 0.85  KC = 0.90

Table 1. Detail of Landsat Images used in the study

Table 2. Accuracy of Classified Images

Note: U/A = User’s Accuracy, P/A = Producer’s, O/A = Overall Accuracy, K/C = Kappa-coefficient
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 In the next step, the percentage of land cover changes 
(C %) was calculated using equation 6.

 Where i stands for No. of classes in the image, Ci 
represents the magnitude of changes in a class “i”, and Pi 
represents the percentage of change in classes.

Extraction of LST 

Landsat 5 & 7

 Land surface temperature was extracted using band 6 
for Landsat 5 and 7, according to Chen et al. (2002). Firstly, 
digital numbers (DNs) of band 6 were converted into 
radiation luminance using equation 7. In this equation, 
QCALMIN is equal to 1, QCALMAX is equal to 255, QCAL 
stands for DN, whereas LMAX and LMIN are equal to 1 and 
255, respectively.

 Secondly, LST in Kelvin was calculated using equation 8. 

 Lastly, temperature values in Kelvin (A) were converted 
into dse5regrees Celsius (B) using equation 9. 

Landsat 8

 For the Landsat 8 image, land surface temperature was 
extracted using the following Metadata values: 0.10000 for 
Radiance add bands 10 & 11, 0.0003342 for Radiance Mult 
Band 10 & 11, 774.8853 for K1 constant band 10, 1321.0789 for 
K2, 480.8883 for K1 constant band 11, and 1201.1442 for K2. 
 By using the above values, LST was calculated from 
Landsat 8 in five stages: 
 (i) Thermal Infra-Red Digital Numbers were converted 
into TOA (Top of Atmosphere) spectral Radiance using 
equation 10. 

 (ii) Spectral radiance data were converted into TOA 
brightness temperature using equation 11. 

 (iii) NDVI values were calculated using equation 12. 

 (iv) Average Land Surface Emissivity (LSE) was 
determined using equations 13 and 14, in which PV is the 
proportion of vegetation, and E is Land Surface Emissivity. 

 (v) LST was calculated using equation 15.

 After generating the LST maps, the areas of each LST 
range were calculated in QGIS 3.14. 

Quantification of NDVI, NDBI, and UHI

 NDVI was quantified using equation 12, whereas for 
NDBI equation 16 was applied.

 After that, the relationships of LST with NDVI and NDBI 
were analyzed using Fishnet Polygons, and then the data 
from LST, NDVI, and NDBI maps were extracted.
 UHI was quantified in ArcGIS 10.8 using equation 17 
based on LST maps of 1990 and 2020.

 Two UHI profiles were calculated: (i) North to South and 
(ii) West to East, creating the polylines in both directions 
using Stack Profiles. 

RESULTS

Land Use/Land Covers Changes

 Land use/land cover changes in the study area were 
detected using Landsat images of 1990, 2000, 2010, and 
2020, as shown in figure 5. The figure shows that the study 
area has faced rapid LULC changes in the last three decades. 
In 1990, the study area had 23.41% of Forest Land, 48.03% 
of Agricultural Land, 11.18% of Barren Land, 16.17% of 
Built-up Area, and 1.21% Water Bodies. However, after ten 
years, in 2000, the distribution in the study area changed to 
17.30% of Forest Land, 46.09% of Agricultural land, 14.38% 
of Barren Land, 21.38% of Built-up Area, and 0.83% of Water 
Bodies. Consequently, the share of Forest Land in the study 
area decreased over this decade (1990 to 2000) by 6.11%, 
Agricultural Land decreased by 1.94%, while Barren Land and 
Built-up Area increased by 3.20% and 5.21%, respectively, 
the share of Water Bodies also decreased by 0.38%. 
 After assessing the LULC changes from 1990 to 2000, 
LULC for 2010 was analyzed. It was found that in this year, the 
study area had 14.79% of Forest Land, 42.18% of Agricultural 
Land, 16.59% of Barren Land, 25.73% of Built-up Area, and 
0.69% of Water Bodies. As a result, in the decade from 2000 
to 2010, the share of Forest Land and Agricultural Land 
in the study area further decreased by 2.51% and 3.91%, 
respectively, while Barren Land increased by 2.21%, Built-up 
Area increased by 4.35%, and Water Bodies decreased by 
0.14%.
 In order to analyze LULC changes over three decades 
(1990 to 2020), LULC was also detected for 2020. It was 
found that in the final year, the study area had 11.97% of 
Forest Land, 37.31% of Agricultural Land, 15.29% of Barren 
Land, 34.58% of Built-up Area, and 0.85% of Water Bodies. 
As a result, in the third decade (2010 to 2020) the share of 
Forest Land, Agricultural Land and Barren Land decreased 
by 2.82%, 4.87% and 1.30%, respectively, while Built-up Area 
increased by 8.85%, and Water Bodies increased by 0.16% in. 
 As expected, it was found that in the last three decades 
(1990 to 2020), the share of Forest Land decreased by 11.44% 
(from 23.41% to 11.97%), Agricultural Land decreased 
by 10.72% (from 48.03% to 37.31%), and Water Bodies 
decreased by 0.36% (from 1.21% to 0.85%). On the other 
side, the area of Barren Land and Built-up Area increased 
during the last three decades by 4.11% (from 11.18% to 
15.29%), and 18.41% (from 16.17% to 34.58%), respectively. 
Finally, it was confirmed that a rapid increase in Built-up Area 
occurred along with a swift decrease in Forest Land, which 
is the main concern of the study as it directly affects LST and 
UHI. All the details of land use/land cover changes are given 
in figure 5. 
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Changes in Land Cover Area 

 After assessing the LULC changes over three decades 
(1990 to 2020), it was found that the decrease in area 
corresponded only to green and blue land cover types 
whereas the area of built-up and barren land increased. Figure 
6 shows the overall increase and decrease in area of different 
land cover types. It can be seen that the area of Forest Land, 
Agricultural Land, and Water Bodies lost 202.72 km2 (11.44%), 

189.96 km2 (10.72%), and 6.38 km2 (0.36%), whereas Barren 
Land and Built-up Area gained 72.83 km2 (4.11%) and 326.23 km2 
(18.41%) respectively. 

Changes in Land Surface Temperature

 The change of green cover into built-up environment 
was found to be a significant cause of LST increase and UHI 
development in various studies (Amani-Beni et al. 2019; 
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Fig. 5. Land Use/Land Cover Classification of the Study Area

Fig. 6. Loss and Gains of Land Covers from 1990 to 2020
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Wan Mohd Jaafar et al. 2020; Yu et al. 2018). Therefore, LST 
was also computed for the study area. It is shown in figure 
07, which presents seven land surface temperature ranges; 
(i) 14°C - 21°C, (ii) 21°C - 22°C, (iii) 22°C - 23°C, (iv) 23°C - 
24°C, (v) 24°C - 25°C, (vi) 25°C - 26°C, and (vii) 26°C - 32°C for 
1990, 2000, 2010, and 2020. 
 The comparison of these LST ranges showed that the 
area under the first LST range (14°C - 21°C) amounted to 
0.20% of the total area in 1990, 8.31% in 2000, 2.29% in 
2010 and 6.68% in 2020, so a slight overall area expansion 
was found for this range. Similarly, an increase was found 
in the area under the second LST range (21°C - 22°C) as it 
stood at 11.60% in 1990, 26.56% in 2000, 37.39% in 2010, 
and 20.44% in 2020. The area under the third LST range 
(22°C - 23°C) reduced as it amounted to 29.12% in 1990, 
20.20% in 2000, 20.66% in 2010, and 19.27% in 2020. For 
the fourth LST range (23°C - 24°C), a significant expansion 
was found with the area changing from 36.73% in 1990, to 
13.54% in 2000, 16.48% in 2010, and 8.74% in 2020. Similarly, 
a slight expansion was found for the fifth LST range (24°C - 
25°C) as its area accounted for 17.94% of the total area in 
1990, 19.90% in 2000, 8.25% in 2010, and 20.38% in 2020. A 
considerable expansion was found for the sixth LST range 
(25°C - 26°C). Its area changed from 3.23% in 1990, to 8.84% 
in 2000, 10.42% in 2010, and 14.12% in 2020. Almost similar 
results were found for the seventh and last LST range (26°C 
- 32°C). The area under this range amounted to 0.55% in 
1990, 2.02% in 2000, 1.87% in 2010 and 9.73% in 2020. The 
results of the LST comparison show that the ranges with 

the highest land surface temperature (sixth and seventh) 
expanded sharply and constantly, which represents a 
considerable change in the land surface temperature of the 
study area. 

Correlation of LST with NDVI and NDBI

 The correlation of LST with NDVI and NDBI is shown in 
figure 8. A negative relationship was found between LST 
and NDVI, whereas between LST and NDBI it was positive. 
According to these relationships, higher NDVI leads to lower 
LST, and lower NDVI leads to higher LST. A 5°C decrease in 
LST corresponds to the increase of NDVI by 0.5. On the other 
hand, a positive relationship between LST and NDBI means 
that LST increases with NDBI increase and decreases with 
the decreasing NDBI. The trendline shows that more than 
5°C increase in LST corresponds to an increase of NDBI from 
-0.35 to 0.1. From these results, it is clear that LST decreases 
with increasing NDVI and decreasing NDBI. Similarly, LST 
increases with decreasing NDVI and increasing NDBI. This 
correlation proves that urban green cover may contribute 
to a 5°C LST decrease and can help to maintain thermal 
homogeneousness in cities.  

Urban Heat Island

 Urban Heat Island effects are commonly found in urban 
areas, especially in developing countries like Pakistan. 
These effects become broader and more severe with the 

Fig. 7. Changes in Land Surface Temperature in the Study Area
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expansion of urban built-up areas. In this context, the UHI 
of Lahore was analyzed for the years 1990 and 2020. Figure 
9 shows the UHI profiles of the study area in which 1990-(A) 
and 2020-(A) display North to South profiles, whereas 1990-
(B) and 2020-(B) show West to East profiles. The comparison 
of these UHI profiles is presented below. 
 UHI-1990-(A) shows LST fluctuations from 19°C to 
27°C. A decreasing trend can be found between 20,000 
and 32,500 meters as LST drops from 23°C to 19°C. After 
that, LST increases again reaching 23°C. The low LST area 
consists of green cover, which confirms the negative 
relation between green cover and LST. This profile is 
compared to UHI-2020-(A), which presents LST along the 
same axis. The UHI-2020-(A) shows high LST from 5,000 
to 8,000 meters and from 19,000 meters to the end of the 
study area. Between 8,000 and 19,000 meters, LST is more 
or less constant, which is similar to UHI-1990-(A). This UHI 
comparison shows an LST increase in UHI-2020-(A) where 
green cover was replaced with built-up area (19,000 to 
38,000 meters). This demonstrates an evident expansion of 
UHI due to the removal of green cover.
 UHI-1990-(B) and UHI-2020-(B) represent West to East 
UHI profiles of the study area. UHI-1990-(B) shows LST 
around 21 to 22°C from 1,000 to 5,000 meters, but after 
that, it fluctuates around 23°C from 5,000 to 22,000 meters. 
Next, a decreasing trend was found from 22,000 to 26,000 
meters as LST drops from 23°C to 20°C. After that, LST is 
almost constant between 26,000 and 41,000 meters. For 
UHI-2020-(B) an increasing trend was found between 5,000 
and 20,000 meters where LST changes from 27 to 29°C, 
while in UHI-1900-(B) it was 23°C. Similarly, higher LST was 
found from 25,000 to 40,000 meters. Overall, the high LST 
area in 2020 was found from 5,000 to 40,000 meters, while 

in 1990 it spanned from 5,000 to 21,000 meters, which 
suggests that UHI has expanded by almost 19,000 meters 
in the last thirty years. So, after comparing UHI profiles from 
north to south and from west to east for the years 1990 and 
2020, there is an evident indication of UHI expansion with 
the built-up area increase.  

DISCUSSION

 The effect of Land Use/Land Cover changes is not 
limited to Land Surface Temperature as they also affect air 
temperature. In this study, it was found that LST and UHI 
effects increased with the replacement of green cover 
by built-up area. Also, an increasing trend was found for 
the annual maximum and minimum (air) temperature in 
the study area. Similar results were found in various other 
studies. Yang et al. (2013) conducted a study in Anhui 
Province of China and found that annual mean maximum 
and minimum temperature increased by 0.407, 0.383, and 
0.432°C per decade from 1970 to 2008 due to LULC changes 
(Yang et al. 2013). So, the results of this study support the 
assertion that the study area has become warmer due to 
the loss of urban green cover and rapid growth of built-
up area. The impact of LULC changes on air temperature 
was also analyzed in other studies. A regional study on East 
Asia projected an 0.14°C air temperature increase between 
2030 to 2060 due to LULC changes (Niu et al. 2019). It was 
shown that air temperature also increases along with LST 
due to the urban expansion and removal of urban green 
cover. LULC changes led to the increase in air temperature 
in Beijing–Tianjin–Hebei. The conversion of cropland into 
built-up area was found to be the most significant factor, 
causing an 0.36°C/decade increase in air temperature, 
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Fig. 8. Correlation of LST with NDVI and NDBI

Fig. 9. Comparison of the Urban Heat Island in 1990 and 2020
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while the changes from grassland to built-up area led to an 
0.306°C/decade increase (Li et al. 2018, p.). Similarly, built-
up land in the study area is expanding due to the removal 
of Forest and Agricultural Land, which leads to increasing 
air and land surface temperature trend. So, the results of 
this study support the statement that urban green cover 
works as a ventilator that maintains urban temperature 
and reduces UHI effects. 
 From the comparison of LST profiles (i) UHI-1990-A 
and UHI-2020-A and (ii) UHI-1990-B and UHI-2020-B, it was 
found that UHI effects expanded in the study area towards 
its southern and eastern parts. The area of moderate LST 
range has also shifted towards high LST, for example, 26°C 
- 32°C (the highest) LST range covered only 0.20% of the 
total area in 1990 , while in 2020 it amounted to 9.73%. It 
means that the area of the maximum temperature zone 
has significantly increased and the UHI effect expanded 
with the decrease in green cover and increase in built-up 
area. Similar findings were given by Forman (2016), stating 
that rapid modification of green spaces into impermeable 
surfaces increases the reflection of solar radiation energy 
into the near-surface layer of the atmosphere. Also, Yu 
et al. (2017) concluded that built-up area expansion is a 
significant cause of the UHI development (Yu et al. 2018). 
UHI has several adverse effects on the urban environment, 
including the increase in energy consumption and water 
usage (Gunawardena et al. 2017; Zhang et al. 2017; Zhou 
et al. 2017). The expansion of UHI in the study area will 
also result in higher energy and water usage, which will 
ultimately lead to higher LST and air temperature. Therefore, 
the study highlights that the loss of green cover enhances 
extreme environmental issues like harsh UHI effects and 
high LST, especially during summer.
 The study area is located in a semi-arid region, which 
means that the amount of natural vegetation is already 
lower than required. Under these circumstances, green 
cover in the study area becomes even more valuable. In 
contrast, the results show a significant decrease in the 
urban green cover area (Forest Land and Agricultural Land). 
The green cover in the study area is shrinking, whereas 
built-up area is expanding rapidly. In the last three decades, 
the study area lost 1/3 of its green area, which was replaced 
by impermeable surfaces as built-up area increased more 
than 100%. These changes are severe because the decrease 
of green cover still continues without any restriction. 
 The study also analyzed relationships of LST with NDVI 
and NDBI to recognize the actual effects of vegetation and 
built-up area on LST and UHI. The results (figure 08) show 
that LST is negatively correlated with NDVI. High NDVI leads 
to lower LST and reduces the UHI effects, whereas low 
NDVI causes LST increase and enhances the UHI effects. On 
the other side, the relationship between LST and NDBI was 
found to be positive, indicating that expansion of built-up 
area leads to the expansion of UHI and higher LST. In all 
study areas, the decrease in NDVI comes with a decrease 
in plant cover and an increase in the natural environment 
changes. According to the findings, vegetation regions 

and areas outside built-up sites have greater NDVI and 
lower LST. Low LST was found in regions with dense 
natural plant cover and gardens as well as in fields of dense 
agricultural vegetation with high NDVI values. Vegetation 
helps to reduce LST through evapotranspiration (Grover 
& Singh, 2015; Palafox-Juárez et al. 2021). These findings 
also correspond with similar studies based on Landsat 
data analysis (Guo et al. 2019; Kaplan et al. 2018; Tran et al. 
2017). The matter is more threatening because the built-up 
land cover is still expanding towards the remaining green 
area, increasing the area of dark surfaces in the city, which 
causes an increase in air and land surface temperature. 
With increasing land surface and air temperature, the UHI 
effects will be more severe in the future. The study area 
is also located in a semi-arid region and faces extreme 
temperatures up to 48°C in the summer season, as well 
as more than 50°C feels like temperature in wet summer. 
In these circumstances, the availability of green spaces in 
highly built-up areas is needed because they work like a 
ventilator and decrease the temperature by almost 5°C. 

CONCLUSION AND SUGGESTIONS

 The study analyzed urban green cover reduction in 
Lahore due to LULC changes and found its significant effects 
on LST and UHI expansion. It was found that the study area 
is continuously losing its green cover due to rapid urban 
expansion. LULC changes have demolished a significant 
part of urban green cover, whereas built-up areas and 
barren land have spread over 50% of the total area without 
any planning and violating environmental guidelines. 
Rapid urban expansion has led to a large-scale increase in 
the area of dark surfaces in the city, which is accelerating 
land surface temperature increase and enhancing the UHI 
effects. The trends of increasing air temperature and LST 
are attracting extreme climatic events towards the study 
area. The expansion of built-up area in place of agricultural 
and forest land has led to the green cover removal, which 
expanded high LST and UHI effects towards the eastern 
and southern parts of the study area. 
 The continuation of the found LULC change trend 
is extremely sensitive for the ecosystem and ecological 
structure of the study area. These changes might render 
the city more ecologically fragile, particularly the areas 
that could be transformed into built-up regions in the 
future. So, more studies are needed to evaluate vegetation 
cover required for a sustainable environment of the city 
and mitigation of global climate change effects at the 
micro-level. Moreover, studies are required to convert the 
high heated built-up land into sustainable and thermally 
homogeneous areas by using modern technologies like 
green walls, green roofs, and vertical gardens. Finally, the 
study calls the attention of the management to mitigate or 
minimize the adverse effects of LULC changes by limiting 
the loss of green cover and increasing the number of green 
spaces in densely populated urban areas, which would 
help to reduce LST and UHI effects in the city. 
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