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Abstract: Land Cover Indices gives information about the thermal behavior of land surfaces and when it
coincide with sensible heat storage (AQs) then it forms urban heat island which in turn measure in its
intensity. The current study analyzed the effects of land cover indices in the Kanpur Metropolis, which is
located over the Indo Gangetic Plains but now a portion of the Kanpur Nagar District and has the Yamuna
river as its southern boundary due to its urban sprawl. The land cover indices such as Modified Normalized
Difference Water Index (MNDWI), Normalized Difference Barren index (NDBal), Normalized Difference
Built-up Index (NDBI), Difference Vegetation Index (NDVI) Soil Adjusted Vegetation Index (SAVI)
affects Urban Heat Island (UHI) intensity. These land cover indices and Urban Heat Island (UHI) intensity
has been calculated using data from Landsat 5, 7, and 8 for the years 1991, 2001, 2011, and
2021respectively for this region using projection WGS_1984 UTM_Zone_44N. A correlation between UHI
Intensity and various land cover indices has also been evaluated, and it reveals that NDBI and NDBal have a
positive impact on UHI Intensity while MNDWI, NDVI, and SAVI have a negative impact. The UHI
intensity is positively correlated with NDBal and NDBI according to the best fit curve with a logarithmic
trendline, but it is negatively correlated with MNDW!I, NDVI, and SAVI. The significance level (p) for each
land cover index was also evaluated, and in the majority of cases, a satisfactory p value of <.05 was
discovered. The analysis demonstrates that while the land cover indices associated with vegetation density
the Urban Heat Island Intensity has decreased in the region while indices associated with built-up such as
NDBI, the UHI Intensity has increased. The study can offer insightful information about the policy-making
process for urban spatial planning and strategies to mitigate UHI Intensity.

Keywords: Landsat, land use indices, urban heat island intensity.
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Introduction: More than half of the world's population (55%) currently residing in urban areas and this
number is expected to rise upto 68% by the year 2050 in today's more connected and globally oriented world
(UN, 2019). Urban sprawl has been exacerbated by the speed and scope of widespread Land Use and Land
Cover Change (LULCC), which has been brought on by the rising demands for food, energy, water, fiber,
and shelter from the expanding human population. Urbanization drastically changed the natural landscape
around the world by converting naturally permeable land surfaces into impervious ones (urban landscape)
(Scott J. McGrane, 2016; Paul et al., 2021). A change in the natural terrestrial cover affects the earth's
surface's radiative and non-radiative properties, carbon dynamics, and biogeochemical processes, which in
turn alters the water cycle and the local environment (Duveiller et al., 2018). A number of environmental
problems are brought on by the conversion of natural terrestrial cover into built-up land-use (urban
landscape) (Jed Collins 2019; M. Hanif et al., 2019), including the emergence of micro-thermal and micro-
climatic zones (K.A.S. Mislan & B. Helmuth, 2008; K.K. Singh et al., 2018), an increase in land surface
temperature (LST), and urban heat islands (UHI) intensity (Amit Kumar et al., 2021; B.P. Kumar et. al.,
2023). The land cover indices based on subpixel classification (Zhang et al., 2006;Weng et. al., 2008) the
various classification based on indices such as The Normalized Difference Vegetation Index (NDVI), Soil
Adjusted Vegetation Index (SAVI), Modified Normalized Difference Water Index (MNDW!I), Normalized
Difference Bareness Index (NDBal), and Normalized Difference Build-up Index (NDBI) suggest about land
occupancy by different characteristic and different sensible and latent heat fluxes (Hui Li et al., 2017; Dan
Li et al., 2020) and these land indices also provides rapid surface heat island detection due to their
characteristics (Nagihan Aslan and Dilek-Koc-San, 2021) and with such a few of these land cover indices
that LST interacts with to characterize the thermal behavior of the land surfaces (G. Duveiller et al., 2018;
Z.L. Lietal., 2018; Glynn C. Hulley et al., 2019). However, LST changes as a result of the conversion of
the natural terrestrial cover to impervious surfaces (urban landscape) which affects UHI Intensity.

The term "urban heat island” (UHI) describes the phenomenon of sensible heat storage (AQs) due to
which cities experience higher atmospheric and surface temperatures than the nearby rural areas as a result
of urbanization. It is related to the arrangement and pattern of land-use types, as well as landscape features
(Qingjian Zhao et al., 2019; Alademomi Alfred S. et al., 2020), the composition of LULC in urban areas
affects the thermal conductivities of urban surfaces (Mustafa Hamoodi et al., 2017; Ayansina Ayanlade et
al., 2021). The amount of vegetation present within a city (Lei Zhang et al., 2022), anthropogenic discharge
from human activities and built-up density affects ecological system and reflects ecological environment
(Dingrao Feng et al., 2020). The urban canopy, which is the layer between the ground and building rooftops,
and which is strongly influenced by surface, morphological, and anthropic parameters (Florent Renard et al.,
2019; Junyan Yang, 2020) which in turn gives three distinct UHI types and on the basis of sensible heat flux
(Afs) quantity that are typically distinguished as: 1. canopy UHII, 2. boundary-layer UHII, and 3. surface
UHII. Just above the canopy layer is the boundary layer, which is influenced by both the mesoscale
processes that occur above it as well as the microscale processes that occur beneath it (J.S.M. Coleman and
K.T. Law, 2015; D.J. Parker, 2015; Stefano Serafin et al., 2018). The study of surface UHII, which is based
on the measurement of land-surface temperatures (LST), which directly affect air temperature in the canopy
layer by energy exchange and forms the Urban Heat Island effect (Nidhi Singh et al., 2020; Manju Mohan et
al., 2022). Currently, researchers from all over the world uses satellite thermal images, particularly high
resolution images, to study thermal anomalies like UHI intensity in urban areas (Ana Claudia Teodoro and
Artur Goncalves 2021). These images have the advantage of offering a repeatable dense grid of temperature
data over an entire city and even distinct temperatures for individual buildings (Yunfei Li et al., 2020; Eric
Krause, 2022).

In this light, the main goal of the current study is to quantify and analyze the spatiotemporal patterns of
the UHII phenomenon (Pallavi Sharma, 2021) over the Indian district of Kanpur Nagar in the Ganga-
Yamuna Doab with common land cover indices. In order to determine which indices have the greatest
influence on temperatures, the study also examines the relationship between Urban Heat Island (UHI)
intensity and common land cover indices (David Hidalgo Garcia et al., 2023; Waheed Ullah et al., 2023),
such as MNDWI, NDBal, NDBI, NDVI, and SAVI, using Earth Observation (EO) datasets and a
quantitative approach based on geospatial technology (GT). Finding the factors that affect heat scenarios is
crucial because doing so we can lowers the impact of UHII and boosts the quality of the urban environment.
Designing of urban green and blue spaces can help planning strategies for reducing the effects of UHII in
cities of developing nations like India.
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2. Materials and Methods:

2.1 Area of Study: In the "Survey of India's" Toposheet Nos. 54N and 63B, the study area Kanpur Nagar
(Fig. 1) is situated over north-central India in the middle of the state of Uttar Pradesh between latitudes
25°55'N to 27°N and longitude 79°30'E to 80°35'E. It is one of the Indian cities with a population greater
than 4.5 million and is bordered on the north by the Ganga River and on the south by the Pandu River
(Yamuna). It is the eleventh most populous urban city in India (according to 2011 census).

The districts of Kanuuaj and Hardoi, Unnao in the east, Fatehpur and Hamirpur in the south, and Kanpur
Dehat in the west form its northern, eastern, southern, and western boundaries. It is separated from the
districts of Kanpur Dehat and Fatehpur in the west and south, respectively, by the Pandu River, and from the
district of Unnao in the east by the holy Ganga River, which acts as a natural barrier. Kanpur Nagar district
comes under the "Ministry of Housing and Urban Affairs, Government of India (Gol)". It has a total
geographic area of 3180 sq. km, and the city's total area is 403 km?. The river Ganga and river Yamuna
forms the study area's north-east and south-west boundaries, respectively, and develop the fertile agricultural
hinterland of Ganga and Yamuna Doab. It has a population of 4.58 million and a population density of 6850
people per km? (District Census Handbook, 2011), The study area has an average elevation of 125 meters
above mean sea level and is located on a nearly level plain with a few minor undulations, with the master
slope running from the northwest to the south-east while river Ganga and river Yamuna makes district's
climate sub-humid and it is characterized by hot summers and general dryness save for the south-west
monsoon, having an average annual rainfall of 821.9 mm. The average monthly maximum temperature in
the district is 32.2°C, while the average monthly minimum temperature is 19.5°C. The main sedimentary
constituents of the soil are clay, silt, gravel, and sands of various grades. The district also enjoys strong
administration and has good range of all facilities for its people.
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Figure 1

Figure 1 shows the district boundary of Kanpur Nagar and its surrounding areas.

2.2 Data: From the US Geological Survey's website, https://earthexplorer.usgs.gov/, path 144 and rows 041
and 042 of Landsat5, Landsat7, and Landsat8 data are downloaded. The data are then mosaiced, and

ArcMap 10.8 software is used to extract data for the region.
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Here are the specifics of the used satellite images

Satellite Sensor Acquisition date Path and row  Spatial resolution  Thermal
resolution Cloud Cover

Landsat5 TM 16 March 1991  144/041 & 144/042 30m 120(30)m
<10%

Landsat7 ETM+ 03 March 2001  144/041 & 144/042 30m 60(30)m
<10%

Landsat5 TM 07 March 2011 144/041 & 144/042 30m 120(30)m
<10%

Landsat 8 OLI/TIRS 02 March 2021  144/041 & 144/042 30m 100m
<10%

Table-1

The UHI and land cover indices were extracted from satellite images from the Landsat series in this study,
and the year-by-year values of UHI Intensity were compared with the MNDWI, NDBal, NDBI, NDVI, and
SAVI indices. The methodology flow chart (Figure 2) gives a detailed explanation of the steps taken in the

study.
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2.3.1 Land Cover Indices

The Normalized Difference Bareness Index (NDBal) recognizes various types of bare areas, while the
Modified Normalized Difference Water Index (MNDW!I) is used to improve open water features. The
Normalized Difference Vegetation Index (NDVI), which is used to measure vegetation greenness and is
helpful in understanding vegetation density, Normalized Difference Built-up Index (NDBI) emphasizes
artificially constructed built-up areas. In areas with little vegetative cover, the Soil Adjusted Vegetation
Index (SAVI) is used to measure the impact of soil brightness.

Keeping this in view Zha et al., (2003) proposed the mechanism to derive these indices and according to
it, MNDWI, NDBal, NDBI, NDVI, and SAVI indices can be derived from these formulas:

e MNDWI is equal to (Green — SWIR) / (Green + SWIR)
In the case of Landsat 5,7, MNDW!I is equal to float (Band 2 - Band 5)/float (Band 2 + Band 5)
In the case of Landsat 8, MNDWI is equal to float (Band 3 - Band 6)/float (Band 3 + Band 6)
o NDBal is equal to (SWIR - TIR )/ (SWIR - TIR)
In the case of Landsat 5,7, NDBal is equal to float (Band 5 - Band 6)/float (Band 5 + Band 6)
In the case of Landsat 8, NDBal is equal to float (Band 6 - Band 10)/float (Band 6 + Band 10)
e NDBI is equal to (SWIR —NIR) / (SWIR + NIR)
In the case of Landsat 5,7, NDBI is equal to float (Band 5 - Band 4)/float (Band 5 + Band 4)
In the case of Landsat 8, NDBI is equal to float (Band 6 - Band 5)/float (Band 6 + Band 5)
e NDVIisequal to (NIR — Red) / (NIR + Red)
In the case of Landsat 5,7, NDVI is equal to float (Band 4 - Band 3)/float (Band 4 + Band 3)
In the case of Landsat 8, NDVI is equal to float (Band 5 - Band 4)/float (Band 5 + Band 4)
e SAVlisequalto (NIR-R)/(NIR+R+L))*(1+L)
In case of Landsat 5,7 SAVI is equal to float ((Band 4 — Band 3) / float (Band 4 + Band 3 + 0.5)) * (1.5).
In case of Landsat 8 SAVI is equal to float ((Band 5 — Band 4) / float (Band 5 + Band 4 + 0.5)) * (1.5).

The term "float" in the above formulas refers to floating-point, which is conceptually similar to scientific
notation.

2.3.1 Steps involved in Retrieval of Urban Heat Island:
Step st: Convert the DN value to the at-sensor spectral radiance in the first step:
L is equal to (Lmax - Lmin).Qcal / (Qcaimax - Qcaimin) + Lmin + Oi
Where,
Lmax is the maximum radiance in Wm2sr-tum
Lmin is the minimum radiance in Wm2srpym™
Qcal is the pixel’s DN value

Qcamax is the highest pixel DN value.

Qcalmin is the minimum DN value of pixels
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Ojis correction value of the thermal band

Step 2"9: T = Ko/In (Ki/ Ly+1) — 273.15
Where,
T is At - Kelvin (K) values of the satellite for the brightness temperature.
L is spectral radiation at the TOA (watts/(m?*ster*m)) at particular wavelength A.
Kiand Kz are a constant for Band X, where X is the band number, and it stands for Band Specific Thermal
Conversion from the Metadata.

Step 39: Calculation of Normalized Difference Vegetation Index (NDVI)
NDVI equals to (NIR — RED)/(NIR+RED)

Step 4t Proportional vegetation (Pv) calculation:

Pv can be calculated as ((NDVI — NDVlmin)/(NDVImax — NDV Imin))?
Step 5": Emissivity calculation:

e =en PV +eq (1 - Pv)

Where, Py is the percentage of vegetation and ey and &s are the emissivities from the soil and
vegetation respectively, at a given wavelength A.

Step 6™: LST is equal to BT/[1+A*(BT/p)*In(e)]

Where, BT is brightness temperature, LST in degrees Celsius, p is (hc/c) where o being the
Boltzmann constant (1.38 x 102 J/K), h being Plank’s constant (6.626 x 10°%), and ¢ being the speed of
light (3 x 108 m/s)

Step 7t: UHI is equal to (LST + §)/2
Where, & the land surface temperature's standard deviation.

After utilizing the above steps for generation of land cover indices and retrieval of urban heat island, 168
random points were generated in the region and due to rapid variations of land cover indices and heat
intensity a logarithmic trend analysis were performed with the best fit curve R? and significance level p.

3. Result:

Section 3.1 The formulas provided in Section 2.3.1 have been used to derive indices, and the results are
shown in the following figures with projection WGS_ 1984 UTM_Zone_ 44N as follows:

Modified Normalized Difference Water Index 1991 Modified Normalized Difference Water Index_ 2001

MNDWI_Kanpur_1991.tif

Value
High : 0.52

Low : -0.594203

MNDWI_Kanpur_2001.tif

Value
High : 0.702703

Low : -0.641667

Figure 3.1.1(a)

Figure 3.1.1(b)
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Modified Normalized Difference Water Index_2021

Modified Normalized Difference Water Index_2011

MNDWI_Kanpur_2011.tif MNDWI_Kanpur_2021.tif
Value Value
- High : 0.39197

Low : -0.723326

- High : 0.741935
Low : -0.987013

Figure 3.1.1(c) Figure 3.1.1(d)

The levels of water content in the study area for the years 1991, 2001, 2011 and 2021 are depicted in figures
3.1.1(a), 3.1.1(b), 3.1.1(c), and 3.1.1(d), respectively.

Normalized Difference Barrenland Index_ 1991 Normalized Difference Barrenland Index_ 2001

NDBal_Kanpur_1991.tif NDBal_Kanpur_2001.tif

V-Iu.“ e
W ftion : o-22348

WS Low: -0.847134

Figure 3.1.2(a) Figure 3.1.2(b)

2021

Normalized Difference Barrenland Index

Normalized Difference Barrenland Index_ 2011

NDBal_Kanpur_2021._tif

Value
g o : 0256435

WLLS Low - -0.702563

NDBal_Kanpur_2011.tif

Value
W Hion : 0-338583

WS Low : -0.943662

Figure 3.1.2(c) Figure 3.1.2(d)
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Figures 3.1.2(a), 3.1.2(b), 3.1.2(c), and 3.1.2(d) depicts the intensities of barren land in the study area for the
years 1991, 2001, 2011, and 2021 respectively.

Normalized Difference Built-Up Index_200

Normalized Difference Built-Up Index_ 1991

ndbi_kanpur_1991.tif
Value

- High : 0.832061
Low : -0.454545

NDBI_Kanpur_2001.tif
Value

- High : 0.970149
-0.480519

Low :

Figure 3.1.3(a) Figure 3.1.3(b)

Normalized Difference Built-Up Index_ 2011 Normalized Difference Built-Up Index_ 2021

NDBI_Kanpur_2011._tif

Value NDBI_Kanpur_2021.tif

Value
High :

- : 0.608376
Low : -0.440931

Figure 3.1.3(c) Figure 3.1.3(d)

The built-up intensities in the study area for the years 1991, 2001, 2011 and 2021 are depicted by figures
3.1.3(a), 3.1.3(b), 3.1.3(c), and 3.1.3(d), respectively.
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ormalized Difference Vegetation Index_ 2001

Normalized Difference Vegetation Index_ 199 N

ndvi_kanpur_2001.tif

NDVI_1991_I5.tif
Value

Value

= High : 0.661972
Low : -0.650794

High : 0.481481

Low : -0.963636

Figure 3.1.4(a) Figure 3.1.4(b)

Difference Vegetation Index_2021

Normaliz

ndvi_kanpur_2011.tif
Value

= High : 0.763889
Low : -0.333333

ndvi_kanpur_2021.tif
Value

= High : 0.575569
Low : -0.165476

i W |
Figure 3.1.4(c) Figure 3.1.4(d)

The intensities of vegetation cover in the study area for the years 1991, 2001, 2011 and 2021 are depicted in
figures 3.1.4(a), 3.1.4(b), 3.1.4(c), and 3.1.4(d), respectively.

Soil Adjusted Vegetation Index_ 1991
Soil Adjusted Vegetation Index_ 2001

SAVI_Kanpur_2001.tif

SAVI_Kanpur_1991.tif

Value
mm High : 0.989474
Wl Low : -0.968504

Figure 3.1.5(a) Figure 3.1.5(b)
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Soil Adjusted Vegetation Index_2011

N

Soil Adjusted Vegetation Index_2021

SAVI_Kanpur_2011.tif
Value
w—

SAVI_Kanpur_2021.tif
Value
High : 1.14187 e High : 0.86334

. . 0495413 WSS Low : -0.248207

Figure 3.1.5(c) Figure 3.1.5(d)

The intensities of soil-adjusted vegetation in the study area for the years 1991, 2001, 2011 and 2021 are
depicted in figures 3.1.5(a), 3.1.5(b), 3.1.5(c), and 3.1.5(d), respectively.

Section 3.2: The procedures and formulas described in Section 2.3.2 for Retrieving UHI Intensity have been
used, and the following results for various years and bands have been discovered with the projection
WGS_1984 UTM_Zone_44N.

Urban Heat Island_1991 Urban Heat Island_2001_vcid_1 Urban Heat Island_2001_vcid_2

UHI_1991.tif

Value
High : 19.0981

UHI_2001_vcid_1.tif
Value

UHI_2001_vcid_2.tif
val

Low : 11.1628

Figure 3.2(a)

UHI_2011.tif
Value

- High : 19.552

Low : 9.8428

Figure 3.2(d)

High : 27.588

Low : 10.6511

Figure 3.2(b)

UHI_2021_B10.tif
Val

ue
- High : 18.3529

Low : 10.5021

Figure 3.2(e)

ue
- High : 26.0351

Low : 10.6799

Figure 3.2(c)

H islan 1

UHI_B11.tif
Value

- Migh : 17.5555

Low:9.07335

Figure 3.2(f)
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The Surface Urban Heat Island Intensity (SUHII) for 1991 displays by Figure 3.2(a). Figures 3.2(b) and
3.2(c) display the SUHII for 2001, derived from vcid 1 and vcid 2 of the thermal band, respectively. Figure
3.2(d) displays the SUHII for 2011, while Figures 3.2(e) and 3.2(f) display the SUHII for 2021, derived
from Band 10 and Band 11 respectively.

Section 3.3 The results are displayed in the graphs below, which show the relationship between various
indices and Urban Heat Island Intensity at 168 randomly selected points from the study area.

y =-0.63In(x) + 1.366

MNDWI-UHI 1991 A NDBal-UHI 1991 = 1.087In(x) - 3.168
=0. R2=0.335
0.4 _ 0.2
o 'S p: 0.000933 — N p: 2.34*100-21
I\'\jl 0 * D -0.2 ’
D -0.2 B '8'2
W g4 : © MNDWI_1991 ":‘ _0.8 : © NDBal_1991
I = .
_0-6 T T 1 '1 T T 1
0 10 20 0 10 20
UHI Intensity (°C) UHI Intensity (°C)
Graph 3.3.1(a) Graph 3.3.1(b)
NDBI-UHI 1991 = 1.407In(x) - 3.635 -
= 1407009 - NDVI-UHI 1991 = 118G + 3.356
0.6 - 0.6 - R2=0.420
p: 2.01¥107-30 p: 1.29%107-25
0.4 - * N 0.4 -
N D
-2 - v 0.2 -
‘|3 0 - & NDBI_1991 I o PR & NDVI_1991
*
-0.2 . . -0.2 —* .
0 10 20 0 10 20
UHI Intensity (°C) UHI Intensity (°C)
Graph 3.3.1(c) Graph 3.3.1(d)
SAVI-UHI 1991 Y= H70ING) »5.009
0.8 1 - 1.25%107-25
0.6 - P )
S 04 -
A
I 0 A ¢ # SAVI_1991
0.2 - g
-0.4 . .
0 10 20
UHI Intensity (°C)
Graph 3.3.1(e)

In the graphs 3.3.1(a), 3.3.1(b), 3.3.1(c), 3.3.1(d), and 3.3.1(e), the relationship between MNDW!I-UHI,
NDBal-UHI, NDBI-UHI, NDVI-UHI, and SAVI-UHI for the year 1991 is depicted. These graphs
demonstrate that NDBI and UHI intensity have a high correlation that is positively skewed, whereas SAVI
and UHI intensity have a high correlation that is negatively skewed, which suggests that the intensity of the
urban heat island increases as built-up area increases while the intensity of the urban heat island decreases as
shrub/grass area increases.
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The graphs 3.3.2(a), 3.3.2(b), 3.3.2(c), 3.3.2(d), and 3.3.2(e) show the relationship between MNDWI-UHI,
NDBal-UHI, NDBI-UHI, NDVI-UHI, and SAVI-UHI for the year 2001 (vcid 1 of thermal band),
respectively. They demonstrate that NDBI and UHI intensity have a highly positive correlation, whereas
SAVI and UHI intensity have a highly negative correlation which suggests that the intensity of the urban
heat island increases as built-up area increases while the intensity of the urban heat island decreases as
shrub/grass area increases.
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The graphs in 3.3.3(a), 3.3.3(b), 3.3.3(c), 3.3.3(d), and 3.3.3(e) illustrate the relationship between MNDWI-
UHI, NDBal-UHI, NDBI-UHI, NDVI-UHI, and SAVI-UHI for the year 2001 (vcid 2 of thermal band),
respectively. They demonstrate that NDBI and UHI intensity have a highly positive correlation, whereas
SAVI and UHI intensity have a highly negative correlation which suggests that the intensity of the urban
heat island increases as built-up area increases while the intensity of the urban heat island decreases as

shrub/grass area increases.
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The graphs 3.3.4(a), 3.3.4(b), 3.3.4(c), 3.3.4(d), and 3.3.4(e) show the relationship between MNDWI-UHI,
NDBal-UHI, NDBI-UHI, NDVI-UHI, and SAVI-UHI for the year 2011respectively. They demonstrate that
NDBI and UHI intensity have a high correlation that is both positively and negatively skewed for SAVI and
UHI intensity for the study area which suggests that the intensity of the urban heat island increases as built-
up area increases while the intensity of the urban heat island decreases as shrub/grass area increases.
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For the year 2021 (for thermal band B10), the graphs in 3.3.5(a), 3.3.5(b), 3.3.5(c), 3.3.5(d), and 3.3.5(¢)
show the relationship between MNDWI-UHI, NDBal-UHI, NDBI-UHI, NDVI-UHI, and SAVI-UHI,
respectively. They demonstrate that there is a highly positive correlation between NDBI and UHI intensity
while there is a highly negative correlation between SAVI and UHI intensity which suggests that the
intensity of the urban heat island increases as built-up area increases while the intensity of the urban heat
island decreases as shrub/grass area increases.
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In the graphs 3.3.6(a), 3.3.6(b), 3.3.6(c), 3.3.6(d), and 3.3.6(e), the relationship between MNDWI-UHI,
NDBal-UHI, NDBI-UHI, NDVI-UHI, and SAVI-UHI for the year 2021 (for thermal band B11) is depicted.
These graphs demonstrate that NDBI and UHI intensity have a high correlation that is both positively and
negatively skewed for SAVI and UHI intensity which suggests that the intensity of the urban heat island
increases as built-up area increases while the intensity of the urban heat island decreases as shrub/grass area
increases.

With very high significance level (i.e. p) ranging from 9.7*10°° for 2001 vcid1 of band 6 to 2.01*10°
for 1991, with gradient varying from 1.146 for 2021 Band 11 to 1.734 for 2011, data analysis has revealed
that the Normalized Difference Built-up Index (NDBI) is highly positively correlated with Urban Heat
Island (UHI) Intensity and Soil Adjusted Vegetation Index (SAVI) has a very strong negative correlation
with Urban Heat Island (UHI) Intensity, with a very high significance level ranging from 2.45*108 for
2021 Band11 to 1.25*10°% for 1991, and having gradient varies from 1.41 for 2021 Band11 to 2.43 for
2011.
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Additionally, it is discovered that the Normalized Difference Barrenland Index (NDBal) and Urban Heat
Island (UHI) Intensity are positively correlated, with a high significance level ranging from 2.44*10™ in
2001 to 2.34*102! in 1991, and a gradient varying from 1.087 in 1991 to 0.394 in 2021 Band 11 While the
Modified Normalized Difference Water Index (MNDWI) is negatively correlated with Urban Heat Island
(UHI) Intensity, the significance levels for the two variables range from 1.82*10*® for 2001 vcidl to
0.944978 for 2011, and the gradients between the two variables range from 0.30 for 2021 Band11 to 0.63 for
1991 With a significance level ranging from 2.45*108 for 2021 Band11l to 1.29*102° for 1991 and a
gradient of 1.63 for 2011 to 0.94 for 2021 Band11, the Normalized Difference Vegetation Index (NDVI) is
also negatively correlated with Urban Heat Island (UHI) Intensity.

R-squared value, which measures trendline reliability, is high for NDBI in the aforementioned graphs
(ranging from 0.776 for 2001 vcidl to 0.594 for 2011) and very low for MNDW!I (ranging from 0.396 for
2001 vcidl to 0.122 for 2011 This indicates that the MNDWI trendline fits UHI Intensity data the least,
while the NDBI trendline fits UHI Intensity data better than other indices.

4.Discussion:_In order to modify the area in accordance with these analyses, the decadal changes from 1991
to 2021 have been used to study the changes between these indices (MNDWI, NDBal, NDBI, NDVI, SAVI)
and urban heat island (UHI) Intensity The analysis also shows that the Shurb and Grass land region
significantly reduces the Urban Heat Island (UHI) Intensity, which is good for the region's sustainable
development. The Soil Adjusted has a very high negative impact on Urban Heat Island (UHI) Intensity, and
it has a low to significant fit to the UHI data points. However, because the intensity of the Urban Heat Island
(UHI) is greatly influenced by the Normalized Difference Built-up Index, which warms the area, it is
possible to significantly reduce the intensity of the UHI by constructing green roofs and planting trees
nearby (N.H. Wong et al., 2007; M. Fadhil et al., 2023). By increasing plantation/vegetation area and
decreasing barren land area the Urban Heat Island (UHI) Intensity can also be decreased (Shweta Jain et al.,
2020; M. Fadhil et al., 2023), which may also satisfy the Smart City concept for sustainable human
development in this area and gives significantly advance further research projects based in India's Ganga-
Yamuna Doab region as well as research processes nationwide.

5. Conclusion

Budgetary restrictions force the non-implementation of policies that result in improper urban planning and
city development, which affects both city heat scenarios and land cover indices in developing countries like
India. The relationship between various indices and urban heat intensity reveals a negative relationship
between water bodies, vegetation, and shrub/grass land, while a positive relationship exists between bare
land and built-up areas. Therefore, the development plans for Indian cities should take into account the
relationships between various parameters and urban heat intensity. By properly implementing those plans,
we can lessen the effects of urban heat in the cities, particularly in the Ganga-Yamuna Doab region of India.
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