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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 islaext (laklil) eff

also bea assessed by analysing the LST pattern in the study area. The normalized difference vegetation index (NDVI) analysis shows
that LST and UHI effects are less when vegetation cover is high. On the contrary, the normalized differemgenilaik (NDBI) is

directly proportional to LST which indicates the impact of human activities on LST as well as UHI. The relationship b&Weén L

the study area and ambient air temperature has shown a strong correlation with an increasing trend of LST from 200thé 2020.
study reveals that the average LST of Mumbai has been increased from 27.1 to 32.7 °C in the last twenty years:wide ward
temperature profile analysis has been carried out to address the worst thermal discomfort zone and associated popstatign. The
suggests increasing the green space for maintaining the average LST in Mumbai. This study provides a baseline forefsiike stud

LST and human health, climate change, assessment of the ecological status, etc. of the urban environment.

Keywords:greenspace, geospatial techniques, land surface emissivity, land surface temperature, urbanization, urban heat island

1. Introduction is leading to the effect of the UHI (Sakaal.,2021). The lit
. o . erature reported that vegetation, waterbody, and other classes

Temperature is one of the significant climatic parameters ;.o replaced by urbanizatioRatemi and Narangifard, 2019:
that influenced micro as well as global cIimé&edet_at al, Gohainet al., 2021; Kafyet al., 2021, Mustafaet al.,2021).
2001; Zaksek and Ostir, 2002; Weng, 2009erature is tel  therefore, the landse dynamics especially the increase of
ingt hat the worldoés temperat ugeytp ardaMmikesCathStdbB Shangelil'LisT (Adtel U S | Y
the "?‘St 150 years (_Sakmeal"zozp; \_/ayssadet_al.,20_21). . 2021; Gaziet al.,2021), as it is strongly influenced by emis
In this era of globalization, urbanization especially migration sivity properties of different LULC classes (Cheng and Liang
toward the city is increasing drastically. This is the major 2018).The LST study has great potential for insolation, hea,t

reasm for the alteration of the nature of the land use and land : :
) budget, and overall climate change studies (Hatat.,2021;
cover (LULC) to fulfill the demands of the counfsyecone Salwanet al., 2021: Yanget al.,2021). This climate change

mic necessities and is also responsible for increasing land sur, S : ; .
face temperature (LST). The population living in the urban has strong contributions to human life and biophysical param

area is morehan the rural and it will further increase in-up eters(Zhanget al., 2021). The increasing trend in LST might

coming years (United Nations, 2007). Dense resideatéss, Ee the probabled realso_n for extrerr;e Chrﬂat'? ContletIOH§ lf'kl?
complex commercial sectors, administrative offices, private (_aat_ waves and re ative sf[ress, rought, rregular rain a.,
trades, concretized roads, and mglory buildings are the wildfire, and me!tlng of glaciers, etc. -(Babu and Roy, 2920’

common physiognomiesf an urban area. These characteris Buo et al,, 2021; Chen and In, .2021’ Duaret al., 2021;

tics make an urban area warmer due to absorption of high sold!cBean, 2021; Reat al.,2021; Xie and Fan, 2021).

energy, thermal conductivity, and less reflectivity of the build As temperature is increasing globally (Gogbal.,2019),

ing materialsThe formation of urban heat island (UHI) is now Indian metropolis (Mumbai, Delhi, Kolkata, Chennai) are also

a common phenomenon in cflithat is also responsible for the experienang massive changes in surface temperature (Dhorde
increase in urban temperature (Levermeteal., 2017). The et al.,2009). The densely populated and highly urbanized city
haphazard urbanizatidillah et al.,2019;Kafy et al.,2021)  of Mumbai is witnessing an increasing trend in temperature
due to the transformation of land use categories (Sattaalg

* Corresponding authoffel.: +91-712224-9402 2019; Singh andGrover, 2014 In this context, monitoring of
E-mail addressr_vijay@neeri.res.ifRitesh Vijay). LST is necessary as it is related to various environmisstas.
ISSN: 26636859 print/26636867 online Itis reported that the increasing.public t.ransport, as We!l as pri
© 2022 ISEISAIl rights reserved. doi:10.3808/]e202200080 vate vehicles, are also responsible for increasing UHI in Mum
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bai (Paciong2006). The relocations, unwanted growth of popu to 19 °C duing winter (December to February). This region
lation, transportation, and manufacturing establishments areeceives rainfall by the Soullvestern monsoon and average
the main providers of UHI formation. rainfall is measured asi26.6 mm/year.

Geospatial techniqeeespecially thermal remote sensing
provide an efficient way to assess and monitoltB& (Quat
trochi and Luvall, 2004Dyraset al.,2005; Weng, 2009To
assess the LST, the utility of thermal remote sen@hngiri et
al., 2009, Mallicket al.,2012, Avdan and Jovanovska 2016)
may be addressed a9 {emperature of earth skin matched |
with calculated data of specific points and it is related to biotic £
as well as abiotic parameters; (i) fluctuation of the energy of *
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different land use can influence the LST (Quattrochi and e ——r

Luvall 1999, Sobrincet al.,2006). Although varioussatellite e @,
data (Zaksek and Ostir, 200&engand Yang2004) areavail : MAHARASHTRA ‘N\ ,
able to assess théhermal relectance of the eardkh surface, Churchgatgs

landsatimages were anatgd to calculate the LShs the
landsatimage has special capabilities to connect the micro

climate (Paridaet al.,2008; Chakrabortet al.,2014, Khan . ey — Roots
delwal et al., 2018, Malik and ShUkl32018) data with the 72°0'0"E T I800E 72°49'0"E 7295230 E
converted temperature data (Southworth, 2004greforethe
main objectives of this study aréo a) investigate the impacts
of LULC dynamicson LST, b) study the relationshipetween
spectral indices and LS&ndc) identify the most thermal un 3. Data and Methods
comfortable area wittheassociated population.
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Figure 1. Basemap of the study area.

To carry out the LST study, satellite data were down
loaded fromthe website I{ttps://earthexplorer.usgs.gpvof
2. Study Area the National Aeronautics and Spaéeministration NASA).
Mumbai is thecapital of Maharashtra state of India located Thereare four views of false colour composite (FCC) for the
on the west coast of India and serves as the finacensr of Landsat series of satellites (Landsat 5,7,8) obtained over 20
the country SouthMumbai, popularly known as island city lies years for the evaluation of the LST of Mumbai ciigure 2).
between 18° 5300 to 19° 000 N and 72° 46300 to 72° Landsat5 (TM) has seven spectral bands of whiband 6
53600 E with a geographic area of 70 kas show in Figure (thermal infrared band) provides the thermal response of the
1 South Mumbai consistsf nine Community Development earttés surface feature that was used for the estimation of
(CD) wards for better administration of the city. Mumbai city LST. Other ancillary data like air temperature was collected
has a mean elevation of I4; the physiographic diversity from the Santacruz regional centre of the Indian Meteorolog
(presence of hillsand plains) also plays a key role ie ical Department (IMD)(http://www.imdmumbai.gov.in/and
dynamics of LST. In Mumbai, the average temperature is population information from Indian census data of 2011
recorded as 2 30°C during summer (Marcto May) and 12 (https://censusindia.gov.in/20tbmmon/censusdata2011.html).
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Figure 2. Falsecolour composites (FCCs) of the study aré13 April 2000,(b)17 May 2010(c) 17 May 2015and ¢l) 14 May.
2020).
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Table 1.Details of The Satellite Data black body (Artis and Carnahan, 1982heng and Liang

2018. The spectral indices like NDVI have a deep signifi

Sr. No Image Acquisition Date Time

1 13 A?pril zggl)l : ((I)5'07'4QGMT) cance (Loet al.,1997, Klysik and Fortunigkl999) to calcu

5 17 May 2010 (05:26:OSGMT) late emissivity, as the NDVI helps to classify temperature
3 17 Maz 2015 (05j33j 17 GMT) zones based on the vegetative and-vegetative coverage

4 14 May 2020 (05:33:45GMT) (Weng, 200%, Friend 2002 Chudnovskyet al., 2004) of the

surface thatmay help to minimize the emissivity effects
) ) ) (Weng and Yang2004. A relationship between emissivity
The details of the satellite data have been summarized ire) and NDVI was drawnvan deGrand and Owe, 1993) us

Table 1. ) . ~ing formula number 3 as expressed below:
The methodology has been described in four sections.

Section | describes spectral indices and LULC analysis, Sec =1 0094 +0.047 ArgDVI ©)
tion 1l deals with land surface emissivity (LSE), Section Il is
about the retrieval of LST, and Section IV deals with statisti

cal analysis. The formula indicates that the results are available in & posi

tive range but it varies from 1
3.1 Section I: Spectral ndices and LULC Analysis 3.3 Section Il Retrieval of LST and UHI

Spectral indices are the mathematical approach that uses The estimation of LST is three steps calculation procedure
two or mae band combinations to detect an object or classify imatl st °p ulation procedure.
The atmospheric correction is the first step, wheatellite

the image Vayssadeet al., 2021). In this study, the normal images were converted into reflectance at the top of the-atmo
ized difference vegetation index (NDVI) and normalized sphere(TOA) from its original format of Digital Number

difference buikup index (NDBI) have been calculatedde . . .

. DN) using theequation 4 (NASA 2004, Mallick et al., 2008,
sess the importance of these parameters on LST. NDW anal( ;

'mp P VicenteSerrano et al., 2008, Chander et al., 2009, Sakhre et al.,

ysis helps to understand the reflectance of light changes with2020 )
chlorophyll content, plant type, and overall ecological condi ):
tions of an area. Similarly, NDBI reflects the anthropogenic

activities in an area. L/ _€Lmax(/)- Lmirg )) g,(Qcal Qcalmin
The phonological status of different LULC classaay g;’fgcalmax- Qcalmin -
collect through satellite data, as the particular band is responsi +Lmin(/) 4)

ble to absorb or reflect the specific signal. Based on this con
cept, NDVI and NDBI ratios were credteThe band ratio
namelyNDVI and NDBI also useful to assess the changes in
vegeation cover as well as builip area. The NDVI and
NDBI were calculated using the following algorithms:

where, L, is the spectral radiance of sensor aperture in

(Watts/n#-Ster-um), Lmax is the spectral radiance that is a

scale t0Qcamaxin (Watts/n?-Ster-um),Lmin is the spectral ra

diance of scale t®camin in (Watts/nt-Ster-um), Qca is the

guantized calibrate pixel value of a digital numi@gimaxthe

maximum quantized calibrate pixel value corresponding to

Lmax in digital numberQcamin is the minimum quantized cali

NDBI =(MIR -NIR/(MIR NIR (2) brate pixel value in digital numbefThe values for those

abovementioned scale factors and constants are summarised

Time series analysis of LULC provides prior information in Table 2.

regarding lanelse dynamicén an area. In this study, satellite

images were classified into six distinct categories namelyTable 2.Rescaling Factor and Thermal Constant

built-up, beach, grassland, open land, vegetatoal water Factors Landsat5 Landsat7 Landsat 8

body. Alrt1 ertr_1phasf,| hf;]s bﬁgn glventto_tht_e tbugm_rl)t arere]t Ibe Band 6 Band 62 Band 10

cause alteration of othearld use categes into builtup helps . .

to increas LST (Sakhreet al.,2020). LULC was performed g:gljance Maximum - 15.303 12650 22.00180

NDVI = (NIR -Red/( NIR +Rex 1)

u_s_ing _themaxirr_]um I_ikelihood algorit_hm fosupervised clas Radiance Minimum ~ 1.238 3.200 0.10033
sification technique in ERDAS Imagine software. Band
Quantize cal max banc 255 255 65535

3.2Section II: Land Surface Emissivity Quantize cal min band 1 1 1

According to the emitted radiance, LSE aderive the Ki 607.76 666.09 774.8853
intrinsic property ofevery naturabbjectand is a true reflec Ko 126056 128271  1,321.0789
tion of the temperature of the eddtsurface features (Zhang
and Wang, 2008)Emissivity reflects the correlation between Then, the land surface temperature was calculated using an

the spectratadiance of an object and the temperature oftheequat i on ( Pl an KSthott dndaMeltholgl®88)e n b e |
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To K, 273.6 5 by 1, 0.3 and 0.1% during 2006 2010, 2010~ 2015 and
P Ky g ®) 2015~ 202Q respectively.The beach area has remainad-
In gﬁxg B changed for the study span. Unlike other cladseit-up has

increa®d significantly as 9.1, 1,4and 3.5% during 2006

2010, 2010~ 2015 and 2015~ 202Q respectively with an
where, T represents the temperature (degree Kelvin), iand gverall increase of 14%.

stands for emissivity. The value of 1273.6 was used to get
temperature in degrees Celsius. 4.2 Emissivity, LST and UHI

~ The Urban Heat Island (UHI) is a common phenomenon  After estimation of LSEFigure7), it is observed that th

in Mumbai, but there are many cities (¢Beijing, Shanghai,  emissivity range is increasing over the year. The lower limit
etc.) across the globe where the strengthlief is very high.  of LSE is measured as 0.982, 0.984, 0,881 0.988 for the
The presence of coastline, coverage of mangroves, and conyears 2000, 2010, 201&nd 2020respectively. Similarly, the
paratively lesser altitudes of buildings might be influences theypper value of LSE is also increasing gradualhjch is quan

UHI of Mumbai(Singhand Grover2014) The UHI in Mum tified as 0.99, 0.992, 0.99dnd 0.996 for the years 2000, 2010
bai city wasidentified aftera criticalinterpretatiorof the LST 2015 and 202Qrespectively. Like LSE, LSTFigure 8) has

maps. also been observed in an increasing trend. The LST value is
_ o ) calculated agminimumof 17.1, 18.4, 25.3,and26.5°C; as
3.4 Section IV: Statistical Analysis maximum of 37.1, 37.3, 38.3and 38.9 °C; and an average

A temperature profile analysis was carried out (1990 to 27.1, 27.8, 31.8and32.2°C for the years of 2000, 2010, 2015
2020) using ambient air temperature to understand the fluctuand 2020 respectively. The invertory of LST (Figure 9)
ation in air temperature. The temperature profile is a complexshowsthat the highest LST range is 3538 °C andthe area
time-series data that contained the thermal records about angover of this range is 9.3% atite highest area cover (25.9%)
object or re@n and it discloses the procedure of recording is under 32~ 35 °C for the year 2000 201Q the highest
thermal response and temperature profile analysis. Monthlyarea covexd by the LST range (22.9%) is also 3235°C, but
air temperature variation (minimum, maximum, akrage) the area coved by the highest temperature range (35 38
was performed for the study spé2000to 2020). To assess °C) increasedby 17.4%. In 2015 highest area cover is 24.6%
the correlation between LST amgnbient aitempeature for by the LST range of 32 35 °C but this time upper limit of
the period of 200Go 2020, a regression analysis vedso per the LST range is increasén38 ~ 41°C and coverage is 9.6%.
formed. Dynamics of LST in different LULC categories for In 2020 the upper limit of LST ihesame with 201%38 ~ 41
the given period were assessed to understand the importan®€), but ara cover is increased by 11.6%, and the highest area
and balance of LULC to protect the urban climate. Further tocover is 27.6% by the LST range of 335 °C.
assess the thermal discomfort in the wards, LST in each was  The UHI effect has been found in multiple places in

calculated and copared with the associated population. South Mumbai. The UHI has been focused on the present
time and marked on the latest LST map. The filgtinct
pockets have been marked as prominent UHI in this region as

4. Results shown in Figure 8d.

4.1 Spectral Indices and LULC Analysis

Spectral analysis reveals that the NDVI values are de )
creasing over the yeaFigure 3. Although the minimum and ~ 4-3.1.Trends inTemperature
maximum values of NDVI are calculatediak and 1 respee Time series analysis has been performed to assess the
tively for the study span, the average NDVI is decreasing tovariation in maximum, average and minimdemperature in
0.12, 0.11, 0.10, 0.09 for the years 2000, 2010, 2015, andMumbai city (Figure 10)The graphicalrepreseritition indi-
202Q respectively. Unlike NDVI, NDBI is increasing every cates a slight increasing trendritaximum and averagembi
year (Figure 4). The minimum, maximum and average NDBI enttemperaturdut a flat trend in minimum temperature
values for the years of 200010, 2015, and 2020 are calcu Similarly, a monthly analysis of temperature data for the
lated ag 0.37,10.37,710.39, and 0.42; 0.46, 0.57, 0.62, and years 2000, 2010, 2015, and 20Fig(rre 11) hasalsobeen
0.67; 0.08, 0.10, 0.13, and 0,16spectively. carried outto assess the temperature dynamiics observed

The changes inLULC areshown in Figire 5, based on Fhat after 2000, there isslight increase in mmonthlylmqg-
the supervised classification of 2002010, 2015, and 2020 imum and average temperature over the yea nosignifi-
satellite imagesThe dynamics of LULCareinventorzed in  Cantchanges imonthly minimum temperature.
Figure 6As far astheareal coverage of vegetation is conegrn .
it is observed that the vegetation is decreasing drastically oveft-3-2-Ward Wise LST
the time. In 2000 vegetation cover was 17.9%, buiside To understand and interpret the LST, wanide LST has
creased by9.9% by 2020. Similarly, grassland decrees by also been measured. This analysis reflects the detailed and
0.8% and open land declied by 1.8% from 2000 to 2020. critical measurement of LST. There are nine wards in South
Waterbody is also found in decreasing trend as it is decreasinglumbai which is facing considerable variation in temperature

4.3 Statistical Analysis
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100 °C for the ward G/N and C, respectively but 822 this range
has been calculated as 31.3 to 34.0 °C for the wards D and
FIN, respectively.

LST is sensitive to land use dynamics and it is derived
for every LULC class, which is significant to analyze the var
h iation in temperature from 2000 to 2020. Wawvise LST

e S — corresponding with different LULC classes such as built up,
Built up Vegetation Openland  Water  Grassland  Beach open Iand, 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 rapidanization.
dynamics. The time series (ZOBQOZO.) anal_yS|s_ of LST for Similarly, Figure 13b is showing the increasing trend in LST
every ward has beempresented graphically in Figure 12. in open lands for different wards. The Figure 13c is showing

The above graph clearly states that the average LST igirastic changes in LST in vegetative land that is also proving
always 31 °C for every ward and ward F/N is facing the-high the decreasing of green cover over the time. The Figidesl
est LST (34.0 °C) and the highest population (around 6 lakhs)representing the LST pattern over the watebody, where some
The ward D (31.8 °C) comes with the lest LST value (pop  of the wards showing increasing in temperature, which might
ulation 3.5 lakhs) for the year 2020. Time series analysis alsde happening because of reduction in blue space. Some of the
reveals that LST is continually increasing in the ward F/IN. twar ds dondét have waterbody <cl as.
is observed that in 2000 LST range varied from 23.2 to 31.8the Figue 13d.
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Figure 6. Inventory of LULC.
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temperature shows a sty 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 otlee 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
4.4 Relationship between LST and Ambient Air analysis shows declining trends for vegetation, waterbody,
Temperature grassland, open land, etc. while buifi has increased dras

A statistical analysis (Figure 14) was carried out te val tically. The LULC dynamics confirm the replacement of other
idate the LST with the help of field data collected by the classes by builup, which play a crucial role in LST. This
IMD. To carry out this procedure field data with the cerre increasing trendn LST may be the probable reason for city
sponding months and years has been analyzed. The relatiorlimate change, UHI heatwave, uncertainty in rainfall- pat
ship between average LST of the study area and ambient aterns, etc. (Gill et al., 2007, Fortuniak ,2009).

Figure 9. Inventory of LST.

Figure 10.Variation in temperature with time: variation of average maxirmimimum and average measured ambient
temperature from 1990 to 2020

Figure 11.Monthly variation in temperature with time: (a) 2000, (b) 2010, (c) 2ad8(d) 2020.
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