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ABSTRACT. To assess and monitor the environmental dynamics on a regional or global scale, Land Surface Temperature (LST) has
been estimated for South Mumbai, using Landsat data for the years 2000, 2010, 2015, and 2020. The urban heat island (UHI) effect has
also been assessed by analysing the LST pattern in the study area. The normalized difference vegetation index (NDVI1) analysis shows
that LST and UHI effects are less when vegetation cover is high. On the contrary, the normalized difference built-up index (NDBI) is
directly proportional to LST which indicates the impact of human activities on LST as well as UHI. The relationship between LST of
the study area and ambient air temperature has shown a strong correlation with an increasing trend of LST from 2000 to 2020. The
study reveals that the average LST of Mumbai has been increased from 27.1 to 32.7 °C in the last twenty years. The ward-wise
temperature profile analysis has been carried out to address the worst thermal discomfort zone and associated population. The study
suggests increasing the green space for maintaining the average LST in Mumbai. This study provides a baseline for future studies like
LST and human health, climate change, assessment of the ecological status, etc. of the urban environment.
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1. Introduction

Temperature is one of the significant climatic parameters
that influenced micro as well as global climate (Baede et al.,
2001; Zaksek and Ostir, 2002; Weng, 2009). Literature is tell-
ing that the world’s temperature is increasing continuously for
the last 150 years (Sakhre et al., 2020; Vayssade et al., 2021).
In this era of globalization, urbanization especially migration
toward the city is increasing drastically. This is the major
reason for the alteration of the nature of the land use and land
cover (LULC) to fulfill the demands of the country’s econo-
mic necessities and is also responsible for increasing land sur-
face temperature (LST). The population living in the urban
area is more than the rural and it will further increase in up-
coming years (United Nations, 2007). Dense residential areas,
complex commercial sectors, administrative offices, private
trades, concretized roads, and multi-story buildings are the
common physiognomies of an urban area. These characteris-
tics make an urban area warmer due to absorption of high solar
energy, thermal conductivity, and less reflectivity of the build-
ing materials. The formation of urban heat island (UHI) is now
a common phenomenon in cities that is also responsible for the
increase in urban temperature (Levermore et al., 2017). The
haphazard urbanization (Ullah et al., 2019; Kafy et al., 2021)
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is leading to the effect of the UHI (Saha et al., 2021). The lit-
erature reported that vegetation, waterbody, and other classes
are replaced by urbanization (Fatemi and Narangifard, 2019;
Gohain et al., 2021; Kafy et al., 2021, Mustafa et al., 2021).
Therefore, the land-use dynamics especially the increase of
the built-up area makes a notable change in LST (Akter et al.,
2021; Gazi et al., 2021), as it is strongly influenced by emis-
sivity properties of different LULC classes (Cheng and Liang,
2018). The LST study has great potential for insolation, heat
budget, and overall climate change studies (Halder et al., 2021;
Salwan et al., 2021; Yang et al., 2021). This climate change
has strong contributions to human life and biophysical param-
eters (Zhang et al., 2021). The increasing trend in LST might
be the probable reason for extreme climatic conditions like
heat waves and relative stress, drought, irregular rainfall,
wildfire, and melting of glaciers, etc. (Babu and Roy, 2020;
Buo et al., 2021; Chen and Lin, 2021; Duan et al., 2021;
McBean, 2021; Ren et al., 2021; Xie and Fan, 2021).

As temperature is increasing globally (Gogoi et al., 2019),
Indian metropolis (Mumbai, Delhi, Kolkata, Chennai) are also
experiencing massive changes in surface temperature (Dhorde
et al., 2009). The densely populated and highly urbanized city
of Mumbai is witnessing an increasing trend in temperature
due to the transformation of land use categories (Sahana et al.,
2019; Singh and Grover, 2014). In this context, monitoring of
LST is necessary as it is related to various environmental issues.
It is reported that the increasing public transport, as well as pri-
vate vehicles, are also responsible for increasing UHI in Mum
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bai (Pacione, 2006). The relocations, unwanted growth of popu-
lation, transportation, and manufacturing establishments are
the main providers of UHI formation.

Geospatial techniques especially thermal remote sensing
provide an efficient way to assess and monitor the LST (Quat-
trochi and Luvall, 2004; Dyras et al., 2005; Weng, 2009).To
assess the LST, the utility of thermal remote sensing (Amiri et
al., 2009, Mallick et al., 2012, Avdan and Jovanovska 2016)
may be addressed as (i) temperature of earth skin matched
with calculated data of specific points and it is related to biotic
as well as abiotic parameters; (ii) fluctuation of the energy of
different land use can influence the LST (Quattrochi and
Luvall 1999, Sobrino et al., 2006). Although various satellite
data (Zaksek and Ostir, 2002; Weng and Yang, 2004) are avail-
able to assess the thermal reflectance of the earth’s surface,
landsat images were analyzed to calculate the LST as the
landsat image has special capabilities to connect the micro-
climate (Parida et al., 2008; Chakraborty et al., 2014, Khan-
delwal et al., 2018, Malik and Shukla, 2018) data with the
converted temperature data (Southworth, 2004). Therefore the
main objecttives of this study are to a) investigate the impacts
of LULC dynamics on LST, b) study the relationship between
spectral indices and LST, and c) identify the most thermal un-
comfortable area with the associated population.

2. Study Area

Mumbai is the capital of Maharashtra state of India located
on the west coast of India and serves as the financial center of
the country. South Mumbai, popularly known as island city lies
between 18° 54° 0” to 19° 03’ 0” N and 72° 47° 30” to 72°
53’ 0” E with a geographic area of 70 km? as shown in Figure
1 South Mumbai consists of nine Community Development
(CD) wards for better administration of the city. Mumbai city
has a mean elevation of 14 m; the physiographic diversity
(presence of hills, and plains) also plays a key role in the
dynamics of LST. In Mumbai, the average temperature is
recorded as 27 to 30 °C during summer (March to May) and 12

72°49'0"E 72°52'30"E 72°49'0"E 72°52'30"E

to 19 °C during winter (December to February). This region
receives rainfall by the South-Western monsoon and average
rainfall is measured as 2,146.6 mm/year.
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Figure 1. Base-map of the study area.

3. Data and Methods

To carry out the LST study, satellite data were down-
loaded from the website (https://earthexplorer.usgs.gov/) of
the National Aeronautics and Space Administration (NASA).
There are four views of false colour composite (FCC) for the
Landsat series of satellites (Landsat 5,7,8) obtained over 20
years for the evaluation of the LST of Mumbai city (Figure 2).
Landsat-5 (TM) has seven spectral bands of which, band 6
(thermal infrared band) provides the thermal response of the
earth’s surface feature that was used for the estimation of
LST. Other ancillary data like air temperature was collected
from the Santacruz regional centre of the Indian Meteorolog-
ical Department (IMD) (http://www.imdmumbai.gov.in/) and
population information from Indian census data of 2011
(https://censusindia.gov.in/2011-common/censusdata2011.html).
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Figure 2. False colour composites (FCCs) of the study area: ()13 April 2000, (b)17 May 2010, (c) 17 May 2015, and (d) 14 May.
2020).
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Table 1. Details of The Satellite Data

Sr. No Image Acquisition Date Time

1 13 April 2000 (05:07:49 GMT)
2 17 May 2010 (05:26:08 GMT)
3 17 May 2015 (05:33:17 GMT)
4 14 May 2020 (05:33:45 GMT)

The details of the satellite data have been summarized in
Table 1.

The methodology has been described in four sections.
Section | describes spectral indices and LULC analysis, Sec-
tion 11 deals with land surface emissivity (LSE), Section Ill is
about the retrieval of LST, and Section IV deals with statisti-
cal analysis.

3.1 Section I: Spectral Indices and LULC Analysis

Spectral indices are the mathematical approach that uses
two or more band combinations to detect an object or classify
the image (Vayssade et al., 2021). In this study, the normal-
ized difference vegetation index (NDVI) and normalized
difference built-up index (NDBI) have been calculated to as-
sess the importance of these parameters on LST. NDVI anal-
ysis helps to understand the reflectance of light changes with
chlorophyll content, plant type, and overall ecological condi-
tions of an area. Similarly, NDBI reflects the anthropogenic
activities in an area.

The phonological status of different LULC classes may
collect through satellite data, as the particular band is responsi-
ble to absorb or reflect the specific signal. Based on this con-
cept, NDVI and NDBI ratios were created. The band ratio
namely NDVI and NDBI also useful to assess the changes in
vegetation cover as well as built-up area. The NDVI and
NDBI were calculated using the following algorithms:

NDVI = (NIR — Red) / (NIR + Red) 1)
NDBI = (MIR - NIR) / (MIR + NIR) @)

Time series analysis of LULC provides prior information
regarding land-use dynamics in an area. In this study, satellite
images were classified into six distinct categories namely
built-up, beach, grassland, open land, vegetation, and water-
body. An emphasis has been given to the built-up area be-
cause alteration of other land use categories into built-up helps
to increase LST (Sakhre et al., 2020). LULC was performed
using the maximum likelihood algorithm for supervised clas-
sification technique in ERDAS Imagine software.

3.2 Section 11: Land Surface Emissivity

According to the emitted radiance, LSE can derive the
intrinsic property of every natural object and is a true reflec-
tion of the temperature of the earth’s surface features (Zhang
and Wang, 2008). Emissivity reflects the correlation between
the spectral radiance of an object and the temperature of the

black body (Artis and Carnahan, 1982; Cheng and Liang
2018). The spectral indices like NDVI have a deep signifi-
cance (Lo et al., 1997, Klysik and Fortuniak, 1999) to calcu-
late emissivity, as the NDVI helps to classify temperature
zones based on the vegetative and non-vegetative coverage
(Weng, 2001; Friend, 2002; Chudnovsky et al., 2004) of the
surface that may help to minimize the emissivity effects
(Weng and Yang, 2004). A relationship between emissivity
(e) and NDVI was drawn (Van de Grand and Owe, 1993) us-
ing formula number 3 as expressed below:

£=1.0094+0.047 x In(NDVI) (3)

The formula indicates that the results are available in a posi-
tive range but it varies from —1 to +1.

3.3 Section I11: Retrieval of LST and UHI

The estimation of LST is three steps calculation procedure.
The atmospheric correction is the first step, where satellite
images were converted into reflectance at the top of the atmo-
sphere (TOA) from its original format of Digital Number
(DN) using the equation 4 (NASA 2004, Mallick et al., 2008,
Vicente-Serrano et al., 2008, Chander et al., 2009, Sakhre et al.,
2020):

L1 K Lmax(4) — Lmin(4) J x (Qcal — Qcalmin)}
Qcalmax —Qcalmin

+Lmin(1) 4

where, L, is the spectral radiance of sensor aperture in
(Watts/m?2-Ster-um), Lnax is the spectral radiance that is a
scale to Qcaimax in (Watts/m?-Ster-pum), Lmin is the spectral ra-
diance of scale to Qcamin in (Watts/m?-Ster-pum), Qca is the
quantized calibrate pixel value of a digital number, Qcamax the
maximum quantized calibrate pixel value corresponding to
Lmax in digital number, Qcamin is the minimum quantized cali-
brate pixel value in digital number. The values for those
above-mentioned scale factors and constants are summarised
in Table 2.

Table 2. Rescaling Factor and Thermal Constant

Factors Landsat 5 Landsat 7 Landsat 8
Band 6 Band 6-2 Band 10

Radiance Maximum 15.303 12.650 22.00180

Band

Radiance Minimum 1.238 3.200 0.10033

Band

Quantize cal max band 255 255 65535

Quantize cal minband 1 1 1

K1 607.76 666.09 774.8853

K> 1,260.56 1,282.71 1,321.0789

Then, the land surface temperature was calculated using an
equation (Plank’s law) given below (Schott and Volchok,1985):
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where, T represents the temperature (degree Kelvin), and i
stands for emissivity. The value of —273.6 was used to get the
temperature in degrees Celsius.

The Urban Heat Island (UHI) is a common phenomenon
in Mumbai, but there are many cities (e.g., Beijing, Shanghai,
etc.) across the globe where the strength of UHI is very high.
The presence of coastline, coverage of mangroves, and com-
paratively lesser altitudes of buildings might be influences the
UHI of Mumbai (Singh and Grover, 2014). The UHI in Mum-
bai city was identified after a critical interpretation of the LST
maps.

3.4 Section 1V: Statistical Analysis

A temperature profile analysis was carried out (1990 to
2020) using ambient air temperature to understand the fluctu-
ation in air temperature. The temperature profile is a complex
time-series data that contained the thermal records about any
object or region and it discloses the procedure of recording
thermal response and temperature profile analysis. Monthly
air temperature variation (minimum, maximum, and average)
was performed for the study span (2000 to 2020). To assess
the correlation between LST and ambient air temperature for
the period of 2000 to 2020, a regression analysis was also per-
formed. Dynamics of LST in different LULC categories for
the given period were assessed to understand the importance
and balance of LULC to protect the urban climate. Further to
assess the thermal discomfort in the wards, LST in each was
calculated and compared with the associated population.

4. Results

4.1 Spectral Indices and LULC Analysis

Spectral analysis reveals that the NDVI values are de-
creasing over the year (Figure 3). Although the minimum and
maximum values of NDVI are calculated as —1 and 1, respec-
tively for the study span, the average NDVI is decreasing to
0.12, 0.11, 0.10, 0.09 for the years 2000, 2010, 2015, and
2020, respectively. Unlike NDVI, NDBI is increasing every
year (Figure 4). The minimum, maximum and average NDBI
values for the years of 2000, 2010, 2015, and 2020 are calcu-
lated as —0.37, —0.37, —0.39, and —0.42; 0.46, 0.57, 0.62, and
0.67; 0.08, 0.10, 0.13, and 0.16, respectively.

The changes in LULC are shown in Figure 5, based on
the supervised classification of 2000, 2010, 2015, and 2020
satellite images. The dynamics of LULC are inventorized in
Figure 6 As far as the areal coverage of vegetation is concerned
it is observed that the vegetation is decreasing drastically over
the time. In 2000 vegetation cover was 17.9%, but it is de-
creased by 9.9% by 2020. Similarly, grassland decreased by
0.8% and open land declined by 1.8% from 2000 to 2020.
Waterbody is also found in decreasing trend as it is decreasing
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by 1, 0.3, and 0.1% during 2000 ~ 2010, 2010 ~ 2015, and
2015 ~ 2020, respectively. The beach area has remained un-
changed for the study span. Unlike other classes, built-up has
increased significantly as 9.1, 1.4, and 3.5% during 2000 ~
2010, 2010 ~ 2015, and 2015 ~ 2020, respectively with an
overall increase of 14%.

4.2 Emissivity, LST and UHI

After estimation of LSE (Figure 7), it is observed that the
emissivity range is increasing over the year. The lower limit
of LSE is measured as 0.982, 0.984, 0.986, and 0.988 for the
years 2000, 2010, 2015, and 2020, respectively. Similarly, the
upper value of LSE is also increasing gradually which is quan-
tified as 0.99, 0.992, 0.994, and 0.996 for the years 2000, 2010,
2015, and 2020, respectively. Like LSE, LST (Figure 8) has
also been observed in an increasing trend. The LST value is
calculated as a minimum of 17.1, 18.4 , 25.3, and 26.5 °C; as
maximum of 37.1, 37.3, 38.3, and 38.9 °C; and an average
27.1, 27.8, 31.8, and 32.2 °C for the years of 2000, 2010, 2015
and 2020, respectively. The inventory of LST (Figure 9)
shows that the highest LST range is 35 ~ 38 °C and the area
cover of this range is 9.3% and the highest area cover (25.9%)
is under 32 ~ 35 °C for the year 2000. In 2010, the highest
area covered by the LST range (22.9%) is also 32 ~ 35 °C, but
the area covered by the highest tempera- ture range (35 ~ 38
°C) increased by 17.4%. In 2015 highest area cover is 24.6%
by the LST range of 32 ~ 35 °C but this time upper limit of
the LST range is increased to 38 ~ 41°C and coverage is 9.6%.
In 2020 the upper limit of LST is the same with 2015 (38 ~ 41
°C), but area cover is increased by 11.6%, and the highest area
cover is 27.6% by the LST range of 32 ~ 35 °C.

The UHI effect has been found in multiple places in
South Mumbai. The UHI has been focused on the present
time and marked on the latest LST map. The five distinct
pockets have been marked as prominent UHI in this region as
shown in Figure 8d.

4.3 Statistical Analysis
4.3.1. Trends in Temperature

Time series analysis has been performed to assess the
variation in maximum, average and minimum temperature in
Mumbai city (Figure 10). The graphical representtation indi-
cates a slight increasing trend in maximum and average ambi-
ent temperature but a flat trend in minimum temperature.

Similarly, a monthly analysis of temperature data for the
years 2000, 2010, 2015, and 2020 (Figure 11) has also been
carried out to assess the temperature dynamics. It is observed
that after 2000, there is a slight increase in the monthly max-
imum and average temperature over the years and no signifi-
cant changes in monthly minimum temperature.

4.3.2. Ward Wise LST

To understand and interpret the LST, ward-wise LST has
also been measured. This analysis reflects the detailed and
critical measurement of LST. There are nine wards in South
Mumbai which is facing considerable variation in temperature
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Figure 6. Inventory of LULC.

dynamics. The time series (2000 ~ 2020) analysis of LST for
every ward has been represented graphically in Figure 12.

The above graph clearly states that the average LST is
always 31 °C for every ward and ward F/N is facing the high-
est LST (34.0 °C) and the highest population (around 6 lakhs).
The ward D (31.8 °C) comes with the lowest LST value (pop-
ulation 3.5 lakhs) for the year 2020. Time series analysis also
reveals that LST is continually increasing in the ward F/N. It
is observed that in 2000 LST range varied from 23.2 to 31.8

°oC for the ward G/N and C, respectively but in 2020 this range
has been calculated as 31.3 to 34.0 °C for the wards D and
F/N, respectively.

LST is sensitive to land use dynamics and it is derived
for every LULC class, which is significant to analyze the var-
iation in temperature from 2000 to 2020. Ward wise LST
corresponding with different LULC classes such as built up,
open land, vegetation, and waterbody has been measured
(Figure 13).

Figure 13a indicates that from 2000 to 2020 there is an
increase in LST of all the wards due to rapid urbanization.
Similarly, Figure 13b is showing the increasing trend in LST
in open lands for different wards. The Figure 13c is showing
drastic changes in LST in vegetative land that is also proving
the decreasing of green cover over the time. The Figure 13d is
representing the LST pattern over the watebody, where some
of the wards showing increasing in temperature, which might
be happening because of reduction in blue space. Some of the
wards don’t have waterbody class so they are not appearing in
the Figure 13d.
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Figure 8. LST of the study area on (a) 13 April 2000, (b) 17 May 2010, (c) 17 May 2015, and (d) 14 May 2020.
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Figure 9. Inventory of LST.

4.4 Relationship between LST and Ambient Air
Temperature

A statistical analysis (Figure 14) was carried out to val-
idate the LST with the help of field data collected by the
IMD. To carry out this procedure field data with the corre-
sponding months and years has been analyzed. The relation-
ship between average LST of the study area and ambient air
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45 4

40 4
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temperature shows a strong correlation coefficient of 0.9 with
an increasing trend from 2000 to 2020.

5. Discussion

Spectral analysis, more precisely NDVI reflects the eco-
logical value of the city. In this study is observed that the
scale of ecological richness is declining over the year, which
might have a strong influence on increasing LST. The NDBI
shows an increasing trend of anthropogenic activities. In-
creasing human activities indicates the expansion of imper-
vious surfaces in the city that favors increasing LST. LULC
analysis shows declining trends for vegetation, waterbody,
grassland, open land, etc. while built-up has increased dras-
tically. The LULC dynamics confirm the replacement of other
classes by built-up, which play a crucial role in LST. This
increasing trend in LST may be the probable reason for city
climate change, UHI heatwave, uncertainty in rainfall pat-
terns, etc. (Gill et al., 2007, Fortuniak ,2009).
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Figure 10. Variation in temperature with time: variation of average maximum-minimum and average measured ambient
temperature from 1990 to 2020.
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population.

As emissivity is directly related to the nature of the land
use pattern, it also defines an increasing trend, which also
supports the increasing LST of South Mumbai. There are
significant changes in the lower and upper range of LST from
2000 to 2020 and the areal coverage by the highest tempera-
ture zone is increasing, which is showed the spreading of
thermal discomfort zones in the city. It is observed that the
high density of built-up area along transportation networks
(roads, railways) is more responsible for the increase of LST
in central Mumbai. The presence of vegetation in the central
part and western portions of the city makes it cooler compare
with highly urbanized places like Malabar hill, Tardeo, Worli,
Colaba, and the north part of the city. It is reported that the
evapotranspiration from vegetation may lead to a decrease in
the LST as well as ambient air temperature (Yuan and Bauer,
2007). The image analysis results reveal that the mean tem-
perature has risen by 1.9 °C in the city. Hence this tempera-
ture rise can be attributed by the rise in the built-up of the
city.

Some significant pockets have been identified where the
UHI effect is prominent. The Dharavi (Asia’s largest slum),
Juhukoliwada, and Sion slum areas are major highlighted
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areas as UHI, which might be possible due to dense built-up
with less vegetation cover. Other UHI zones like the Bombay
port trust area, and Chhatrapati Shivaji Maharaj Terminus
(CSMT railway station) are results of increasing LST in the
city. Massive traffic (Pacione, 2006), high built up, concret-
ization, and use of machinery indicate the increasing of LST
and the effect of UHI in two commercial and transportation
regions.

The time-series data reveals that there is an increasing
trend in overall temperature. Especially, a linear trend has
been found in average temperature over the years. This study is
alerting more warming years and uncomfortable situations in
upcoming days. The monthly analysis of temperature data
reveals that May month is the warmest month throughout the
study span. The slight change in temperature for the month of
May is addressed as 31.3 to 31.5 °C for the years 2000 to
2020, respectively which is evidence in support of the in-
creasing trend in temperature in the present decade. There is
an observation on temperature variation that is 1.8 °C for av-
erage minimum temperature and 3.2 °C for mean maximum
temperatures.

The ward-wise study of LST has revealed that the pop-
ulation of Mumbai city is facing thermal discomfort. Ward
FIN is the living area for the majority of the slum population
and is experiencing increasing thermal uneasiness over the year
which requires a proper land use policy over there. The ward-
wise LST analysis considering the population count living
there is an advanced procedure to figure out the actual people
who are facing thermal stress and other issues related to this.
At the same, the ward-wise study also plays a crucial role in
future urban planning, making of land-use policies, and laws.
This study is also helpful to find out a way where necessary
measures are required to beat the thermal pollution, which
will be cooperating on sustainable microclimate.
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Figure 13. Inventory of particular LULC class and Mean LST: (a) built up, (b) open land, (c) vegetation, and (d) water.
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Figure 14. Relation between LST and ambient air temperature:
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May 2020

According to the LST and LULC study, built-up pixels
were measured the highest in ward F/N and lowest in ward D,
which exactly matches ward-wise average LST. Based on
this, it is clear that urbanization and LST are directly propor-
tional. Similarly, the LST of the open land category also re-
veals that the same wards got the position for highest and
lowest temperature. In the case of LST of the vegetative por-
tion wards, A and B got the position of lowest and highest
temperature, respectively. The increasing of LST in vegeta-
tion may address the reduction of density as well as spatial
coverage of the green belt in every ward. The increasing
trends in LST of every ward disclose the disappearance or
shrinking of the waterbody in the wards of Mumbai city.

The statistical analysis is showing a gradual increase in
ambient air temperature, which is similar to the LST observa-
tions and both are strongly correlated. The trend in tempe-
rature dynamics shows evidence of remote sensing analysis
that states the increasing temperature with increaseing urbani-
zation. It is reported in the literature that the atmospheric tem-
perature is higher than LST when the temperature of the am-
bient area is less than zero. The temperature analysis reveals
that the temperature of Mumbai is always above zero, which
confirms the higher LST than the air temperature.

6. Conclusion

An attempt has been made to assess the significant
changes in LULC categories from 2000 to 2020 in Mumbai
city and their impact on LST. Spectral indices like NDVI
have confirmed the declination of ecological values over the
time in the city. NDVI also discloses the disparity in vegeta-
tion cover distribution. There are certain places with very less
green cover facing high LST. The increasing trend in NDBI
shows an expansion of human activities in Mumbai. Thus,
LST is directly proportional with NDBI and inversely with
NDVI. The LULC analysis shows a significant reduction in
vegetation, grassland, water, and open land while built-up has
increased drastically. Thus, it is clear that urbanization is taking
place over the green-blue space of the city. All these activities
are leading to the formation of UHI. The commercial hubs or
transport services areas are also responsible for the formation
of UHI because of traffic, running of machinery, and building
materials that have less reflectivity and more retaining power

of heat. The increasing trend in LST and urbanization of cor-
responding wards may conclude that there is a strong correla-
tion between impervious surfaces and temperature. The LST
results were validated with field data collected from IMD
showing a strong correlation between them that indicates the
importance of remote sensing data to estimate the LST and
related environmental issues. This study also delineated the
most affected places in terms of wads and living populations
who are facing thermal discomfort. The findings of the study
are useful for the governments, municipalities, city planners,
and policymakers to pay attention towards an effective strat-
egy for sustainable land use for the betterment of citizen’s life
as well as a stable urban climate. The study recommends an
increase in green space in the form of social forest, vegeta-
tion, a plantation along the roads, and highways, mandatory
green coverage at the residential colony, and office premises
to maintain and control of average LST in Mumbai city. This
study also focuses on further research on the impact of LST
on human health, effective land-use policy for improving res-
ident’s life and sustainable urban climate, etc.
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