
Journal of Geoscience and Environment Protection, 2024, 12, 1-19 
https://www.scirp.org/journal/gep 

ISSN Online: 2327-4344 
ISSN Print: 2327-4336 

 

DOI: 10.4236/gep.2024.128001  Aug. 1, 2024 1 Journal of Geoscience and Environment Protection 
 

 
 
 

Geospatial and Statistical Analysis of Land 
Surface Temperature and Land Surface 
Characteristics of Jaipur and Ahmedabad Cities 
of India 

Rupesh Kumar Gupta 

Department of Continuing Education and Extension, Faculty of Social Science, University of Delhi, Delhi, India  

 
 
 

Abstract 
Land surface temperature (LST) is a phenomenon that significantly affects the 
environment, the cities’ liveability, and the citizens’ well-being. This Study 
aims to perform a comparative study of the microclimate and Surface Urban 
Heat Island (SUHI) phenomenon of two metropolitan cities of India, i.e. 
Jaipur and Ahmedabad, using MODIS Satellite data, whereas Landsat Data 
was used to analyse the Land Surface Characteristics by an index-based ap-
proach. The Study’s findings reveal that Ahmedabad has 35.53 per cent of the 
total area classified as having a low potential, and 13.55 per cent is designated 
as a high potential LST zone. Meanwhile, in Jaipur, 30.45 per cent of the city’s 
total area is identified as a low potential LST zone and 12.69 per cent as a high 
potential LST zone. This Study highlights the importance of mitigating the 
UHI phenomenon in urban centres for the overall well-being of city dwellers. 
It will help policymakers and stakeholders comprehend plans and take initia-
tives to minimise the effects of the UHI phenomenon on rapidly growing cit-
ies.  
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1. Introduction 

Urbanisation is one of the most important human endeavours affecting regional 
and local ecologies and the environment globally (Nasir et al., 2022; Rendana et 
al., 2023; Turner et al., 1990). It is the main factor converting naturally occurring 
surface areas into impermeable surfaces that humans produce. There are no-
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ticeable climate changes brought about by introducing materials with different 
albedos. The atmosphere and surface are altered by urbanisation, producing a 
thermal temperature that is noticeably warmer than that of neighbouring rural 
areas, especially at night. This phenomenon is an urban heat island (UHI) (Voogt 
& Oke, 2003).  

Urban heat islands are a significant aspect of urban climates, impacting the 
well-being of inhabitants and the environment. It has become a global phe-
nomenon with an increasing population in the urban centres (Sannigrahi et al., 
2017; Chudnovsky et al., 2004; Singh & Grover, 2014). Urbanisation has changed 
the cities’ landscapes, significantly altering the biophysical environment and the 
heat balance (Lo & Quattrochi, 2003; Li et al., 2018). These landscape modifica-
tions have resulted in converting natural pervious surfaces like agricultural land 
and green cover into built-up areas (Swamy et al., 2017; Carlson & Arthur, 2000; 
Gupta, 2024). The transformations in Land Use and Land Cover (LULCs) of the 
urban environments give rise to many issues like urban sprawl (Sundarakumar 
et al., 2012; Subramani & Vishnumanoj, 2014; Rahman et al., 2011), water scar-
city (Fuentes et al., 2021; Menzel et al., 2009), housing problems (Desalegn et al., 
2014; Haffner & Hulse, 2019), microclimatic variations and formation of Urban 
Heat Island (Fashae et al., 2020; Lo & Quattrochi, 2003; Gupta & Parashar, 
2020). An Urban Heat Island is a phenomenon where the urban areas experience 
higher temperatures than their adjacent countryside (Najafzadeh et al., 2021; Liu 
& Zhang, 2011). The intensity of the urban heat island varies spatially and tem-
porally, with economic activities in metropolitan areas contributing significantly 
to its formation (Tang, 2022). Several factors are also responsible for creating 
and intensifying the UHI effect in the cities, like the presence of vegetation and 
water bodies, local weather, heat emissions, and building geometry (Gupta, 2012; 
Voogt & Oke, 2003).  

The UHI is broadly categorised into Surface Urban Heat Island (SUHI) and 
Atmospheric Urban Heat Island (AUHI). SUHI is more pronounced during the 
summer (Valsson & Bharat, 2009), while AUHI is more prominent at night and 
in winter (Chen et al., 2006). A direct relationship exists between surface and 
atmospheric temperatures, particularly within the canopy layer. Forested areas, 
vegetated landscapes, and water bodies often exhibit cooler surface tempera-
tures, contributing to lower atmospheric temperatures in those locales. Con-
versely, dense built-up zones and extensive concrete areas tend to have warmer 
surface temperatures, which can lead to elevated atmospheric temperatures in 
those urban environments (Singh & Grover, 2014).  

The quantitative characterization of degraded land was achieved through the 
application of the Normalized Difference Barren Index (NDBaI) and the Modi-
fied Normalized Difference Water Index (MNDWI) (Gao, 1996; Zha et al., 2003). 
The LST was compared to the normalized difference vegetation index (NDVI), 
NDBaI, and MNDWI in order to assess the ambient environmental status for 
living organisms (Sun et al., 2012). Vegetation-based indicators offer a means of 
demonstrating the quantity and quality of vegetation cover (Moisa et al., 2022; 
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Jiang & Tian, 2010). 
Assessment of the geographical flexibility of the NDVI, LST, NDBaI, and 

MNDWI is crucial for natural resource monitoring and decision-making in 
natural and environmental research (Zareie et al., 2016). According to Yuan 
and Bauer (2007), the significance of displaying the distribution of green space 
has also been validated by using the NDVI. Moreover, a number of studies 
have reported that the expansion of agricultural and grazing land, urbaniza-
tion, deforestation, and forest fires were the primary factors contributing to 
the steady decrease in remote sensing indices such as MNDWI and NDVI, which 
in turn caused increases in NDBaI and LST (Zhou & Wang, 2010; Mimbrero et 
al., 2014).  

Based on an index-based approach, this study allows for a deeper under-
standing of the interaction between LST and UHI and their relationship with 
UTFVI, NDVI, NDBI, NDBal, and MNDWI. Although the UHI effect has been 
extensively investigated in other cities, more is needed to know about the surface 
UHI effect and various index-based approaches. This study fills this gap in the 
literature and clarifies the UHI effect in a rapidly growing metropolitan area in 
India. 

For this purpose, we have selected two planned cities in India. Jaipur is called 
the Pink City of India, and Ahmedabad is called the Manchester of India. Both 
metropolitan cities have different histories: Ahmedabad is primarily known for 
its textile sector, while Jaipur is India’s most visited tourist destination. Ahmed-
abad is situated in the western part of India, while Jaipur is in the northwest part 
of the country. 

The study dramatically advances our understanding of the topic and provides 
a unique perspective on the impact of urban heat islands (UHIs) and their effects 
on urban microclimates and habitats. The current study aims to evaluate the 
patterns and dynamics of LST, SUHI, and relation to geospatial indices (UTFVI, 
NDVI, NDBI, NDBal and MNDWI) of two metropolitan cities. To develop a 
map using index based method to investigate the connection between LST and 
above geospatial indices. This approach contributes to understanding how urban 
heat island (UHI) affects altered development levels, land-use patterns, and ur-
ban landscapes of the city. In addition, the study broadens our understanding of 
the local consequences of LST and UHI, which will assist policymakers and ur-
ban planners in developing workable plans to mitigate the detrimental effects of 
UHI on public health and urban environments. 

2. Material and Methods  
2.1. Study Area 

Jaipur, the capital city of the north western Indian state of Rajasthan, is sur-
rounded by fertile plains, hills, and desert areas. The Aravalli Mountains enclose 
the city from three sides and serve as natural protection for the city. The city is at 
an average elevation of 432 meters above the mean sea level and has a semi-arid 
climate with hot summers and mild winters as characteristic features. With a 
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population of approximately 2.8 million (Census of India, 2011), the city is an 
intrinsic example of proper urban planning and development (Figure 1). 
 

 

Figure 1. Location map. Source: By author using GIS. 
 

Ahmedabad, an economic and financial hub in the western state of Gujarat, is 
known for its varied geographical features. The city is located on the banks of 
the Sabarmati River, with the landscape composed of flat fields and undulating 
terrain with an average elevation of 50 meters above the mean sea level. Ah-
medabad has a semi-arid climate characterised by hot summers and mild win-
ters. Arid landscapes characterise the city’s surroundings, and industrial areas 
and agricultural zones dominate its suburbs. With an approximate population of 
5.5 million (Census of India, 2011), Ahmedabad is famous for historical events, 
economic dynamism, and urban development (Figure 1). 

Jaipur and Ahmedabad, located in the western part of India, are experiencing 
hot summers and mild winters. The rugged Aravali hills surround Jaipur, while 
Ahmedabad is situated along the banks of the Sabarmati River. Ahmedabad’s 
average summer maximum is 39˚C, and average minimum is 24˚C while in 
winter, the average maximum temperature is 30˚C, and the average minimum is 
15˚C. For Jaipur, in summer, the average maximum temperature is 40.1˚C, and 
the average minimum is 25.3˚C whereas in winter, the average maximum tem-
perature is 22.6˚C, and the average minimum goes down to 7.9˚C. Ahmedabad 
is called the “Manchester of India” due to its thriving textile industry, whereas 
Jaipur also encompasses industries like Cotton textile, leather, mineral-based, 
wooden, etc. Both the cities are enriched with cultural heritage and historical 
significance. 

2.2. Datasets 

The current study’s data sources primarily involved using geospatial data in the 
form of satellite images. The satellite images of the Landsat 8 OLI, TIRS, and 
MODIS Terra Sensors were acquired from the USGS Earth Explorer and NASA 
Earth Data platforms. The details of the Data acquired are given in Table 1. 
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Table 1. Datasets used. 

S. No Satellite 
Spatial 

Resolution 
Sensor Time Source 

1 Landsat 8 30 m OLI & TIRS June 2023 USGS Earth Explorer 

2 MODIS 1 km Terra June 2023 NASA Earth Data 

Source: Open-source satellite data. 

2.3. Methods 

After the acquisition of the satellite data, GIS-based tools and techniques were 
incorporated to analyse and interpret the datasets. The MODIS Terra data was 
used for the calculation of the Land Surface temperatures of the cities, whereas 
the Landsat 8 Data were utilised for the mapping and identification of Land Sur-
face Characteristics (Zhu & Woodcock, 2014; Huang et al., 2009; Hassan et al., 
2016; Tao et al., 2018; Spruce et al., 2013; Park et al., 2019). For this purpose, the 
following method was used to determine the relationship between LST and sev-
eral geospatial indices to assess the green urban environment. The UTFVI plays 
a prominent role in ecologically evaluating the Urban Environment by consid-
ering the Land Surface Temperatures (LST). The NDBI helps indicate the high 
built-up area, NDVI, which is the numerical indicator for evaluating the health 
and density of vegetation. MNDWI calculates the water concentration in vegeta-
tion canopies, and NDBaI is beneficial in identifying and mapping the areas of 
bare soil or exposed ground. The following indices were incorporated in the 
study: 

2.3.1. Urban Thermal Field Variance Index (UTFVI) 
The UTFVI plays a prominent role in ecologically evaluating the Urban Envi-
ronment by considering the Land Surface Temperatures (LST). It considers the 
impact of the LST of different locations with the overall mean LST of the Urban 
Area. Using the Land Surface Temperatures, the UTFVI index was used to Sur-
face Urban Heat Island (SUHI) (Sobrino & Irakulis, 2020; Toy et al., 2007; Liu & 
Zhang, 2011). The following equation calculates it: 

 ( )Mean PixelUTFVI 1 LST LST= −  (1) 

LST is the land surface temperature obtained by the satellite data using 
MODIS Terra. LSTPixel is the Pixel value of the LST of different locations, and 
LSTMean is the Mean value of the whole urban area considered. 

After the computation of the above indices, Area Identification and Extraction 
were performed to analyse Land Surface Characteristics and Urban Heat Expo-
sure using GIS tools and Statistical techniques. 

2.3.2. Normalised Difference Vegetation Index (NDVI) 
The NDVI incorporates the Red and Infrared bands of the satellite data products 
to delineate the Vegetation cover at a particular location from its surrounding 
land uses (Reed et al., 1994; Huang et al., 2019; Piao et al., 2011; Mao et al., 
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2012). The following Equation calculates it: 
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2.3.3. Normalised Difference Built-Up Index (NDBI) 
The NDBI utilises the middle and near-infrared ranges to differentiate the built-up 
areas from other features. The following equation calculates it (Zha et al., 2003): 
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2.3.4. Modified Built-Up Index (MBI) 
An improved and modified approach (He & Reith, 2023) gives better results for 
extracting the Built-Up Land and is calculated by the following equation: 

 Modified NDBI NDBI NDVI= −  (4) 

2.3.5. Normalised Difference Bareness Index (NDBaI) 
The NDBaI utilises the Middle-range Infrared and Thermal range bands to ex-
tract the Bare Land from the surrounding areas (Zhou et al., 2014). The follow-
ing equation calculates it: 

Short wave Infrared Thermal
Short wave Infrared Thermal

NDBaI −
+

=  

 Band 6 Band 10
Band 6 Band 

NDBaI for Landsat
1

 8
0

−
+

=  (5) 

2.3.6. Modified Normalised Difference Water Index (MNDWI) 
The MNDWI proves to be more effective in improving and extracting water-related 
information from within the nearby built-up environment or other land uses as 
it can minimise or eliminate noise from built-up land, a feature that sets it apart 
from the NDWI (Xu, 2006). The following equation calculates it: 

Green Short wave Infrared
Green Short wave Infrare

WI
d

MND −
+

=  

 Band 3MNDWI Bafor Land nd 6
Band

sat 
 3 d

8
Ban  6

−
+

=  (6) 

3. Results and Discussion 
3.1. Land Surface Temperatures 

The Thermal band data acquired by the satellite sensors is generally utilised to 
study the Land Surface temperatures. The Brightness values measured are con-
verted into the Temperature values using the following equation in GIS Soft-
ware: 

Temperature in ˚C = DN * 0.02 − 273.15 
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where DN stands for the Digital Number of the MODIS Land Surface Tempera-
ture Satellite Data Product. 

The calculated results of LST (Figure 2) reveal that in Ahmedabad, the max-
imum recorded LST stands at 45.19˚C, while the minimum is 37.31˚C, resulting 
in a temperature range of 7.88˚C. Similarly, Jaipur exhibits slightly higher tem-
peratures, with a maximum LST of 45.51˚C and a minimum of 37.17˚C, result-
ing in a slightly wider temperature range of 8.34˚C (Figure 3). 
 

 

Figure 2. Land surface temperature map. Source: Open-source satellite data. 
 

 

Figure 3. Maximum & minimum values of LST. Source: Open-source Satellite data. 

3.2. Surface Urban Heat Island 

The UTFVI was used to analyse the spatial patterns of the SUHI in both cities. 
When the UTFVI was calculated, the values were reclassified into high, medium, 
and low UHI potential zones (Figure 4). 
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Figure 4. Surface urban heat island map. Source: Open-source Satellite data. 
 

In Ahmedabad, the analysis reveals that 35.53 per cent of the total area is clas-
sified as having a low potential for UHI formation, while 50.92 per cent falls 
within the moderate potential category, and 13.55 per cent is designated as a 
high potential UHI zone. Similarly, in Jaipur, 30.45 per cent of the city’s total 
area is identified as a low potential UHI zone, with 56.86 per cent categorized as 
moderate potential and 12.69 per cent classified as a high potential UHI zone 
(Figure 5). 
 

 

Figure 5. Area Statistics of SUHI. Source: Open-source satellite data. 
 

In Ahmedabad, areas characterized by high potential UHI include industrial 
zones along the city’s eastern parts, the Old City area, Khadia, and certain peri-urban 
regions primarily consisting of barren land towards the southern outskirts. 
Conversely, locations with low potential UHI zones are generally found along 
the Sabarmati River, peri-urban regions, and surrounding waterbodies such as 
Kankaria Lake and Chandola Lake. On the other hand, in Jaipur, high-potential 
UHI zones are predominantly found in industrial areas in the northwest part of 
the city and specific localities like Shastrinagar and Bapu Bazar. On the other 
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hand, areas with low potential for UHI development in Jaipur include regions 
characterized by dense vegetation, such as those surrounding Jal Mahal, Jhalana 
Safari Park, the Aravali Mountains, and Central Park (Table 2). 
 
Table 2. Major locations of Urban Heat Island (UHI). 

City High Potential UHI Zones Low Potential UHI Zones 

Ahmedabad 

Industrial areas along the eastern 
parts of the city, Old City, Khadia, 
and some peri-urban in the form of 
barren land towards the south 
of the city 

Areas along the Sabarmati River 
and a few peri-urban areas of the 
city, areas around Kankaria Lake, 
Chandola Lake, etc. 

Jaipur 
Industrial Areas in the Northwest 
part of the city, Shastrinagar, 
Bapu Bazar, etc. 

Dense Vegetation around 
Jal Mahal, Jhalana Safari Park, 
Aravali Mountains, Central Park, 
etc. 

Source: Open-source satellite data. 

3.3. Land Surface Characteristics 
3.3.1. Vegetation 
The values obtained through Normalised Difference Vegetation Index (NDVI) 
Mapping (Figure 6) reveal the information about the vegetation cover in Ah-
medabad and Jaipur, ranging from a maximum of 0.560 to a minimum of −0.072 
in Ahmedabad and from a maximum of 0.550 to a minimum of −0.069 in Jaipur. 
Both cities display certain areas with dense vegetation, with Ahmedabad show-
ing slightly higher NDVI values than Jaipur (Table 3). 
 

 

Figure 6. Vegetation-NDVI Map. Source: Open-source satellite data. 
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Table 3. Values of Normalised Difference Vegetation Index (NDVI). 

 
Ahmedabad Jaipur 

Maximum Minimum Maximum Minimum 

NDVI 0.560 −0.072 0.550 −0.069 

Source: Open-source satellite data. 
 

The area statistics reveal that approximately 26.77 per cent of Ahmedabad’s 
total area is covered by high vegetation. This vegetation is predominantly found 
along the Sabarmati River, spanning the city’s northern and southern parts. This 
greenery contributes to biodiversity and environmental health by improving air 
quality and mitigating the urban heat island effect. On the other hand, Jaipur’s 
healthy vegetation covers a slightly more significant portion, accounting for 
25.39 per cent of the total area. In Jaipur, this vegetation is concentrated around 
the Aravali Mountains, a significant geographical feature of the region. Addi-
tionally, dense vegetation is found in and around the areas like Jal Mahal, Jha-
lana Safari Park, and Central Park (Table 7). 

3.3.2. Built-Up Area 
Upon mapping the areas of Built-up areas through MBI, the values highlight the 
extent of urbanization in Ahmedabad and Jaipur (Figure 7). The values range 
from a maximum of 0.318 to a minimum of −0.930 in Ahmedabad, and from a 
maximum of 0.291 to a minimum of −0.932 in Jaipur; both cities exhibit consid-
erable built-up areas (Table 4). This suggests that urban development and infra-
structure expansion have significantly altered the land cover in both cities, lead-
ing to increased impervious surfaces and reduced vegetated areas. 
 

 

Figure 7. Modified Built-up Index (MBI) Map. Source: Open-Source Satellite data. 
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Table 4. Values of Modified Built-up Index (MBI). 

 
Ahmedabad Jaipur 

Maximum Minimum Maximum Minimum 

MBI 0.318 −0.930 0.291 −0.932 

Source: Open-source satellite data. 
 

Most of Ahmedabad’s urban landscape is covered by built-up areas, account-
ing for 56.14 per cent of the total geographical area. These areas include densely 
populated neighbourhoods such as Dariyapur, Saraspur, Kalupur, the Old City, 
Khadia, and Asarwa. Meanwhile, in Jaipur, high-built areas cover about 50.83 
per cent of Jaipur’s total geographical area. These areas include Shastrinagar, 
Bapu Bazar, Laxminarayan Puri, Subhash Chowk, and Sundarvihar (Table 7).  

3.3.3. Water Bodies 
The values obtained by the MNDWI mapping indicate the spatial cover of water 
bodies in both cities (Figure 8). The values range from a maximum of 0.347 to a 
minimum of −0.504 in Ahmedabad and from a maximum of 0.139 to a mini-
mum of −0.516 in Jaipur; both cities display the presence of water bodies (Table 
5). 
 
Table 5. Values of Modified Normalised Difference Water Index (MNDWI) Indices. 

 
Ahmedabad Jaipur 

Maximum Minimum Maximum Minimum 

MNDWI 0.347 −0.504 0.139 −0.516 

Source: Open-source satellite data. 
 

 

Figure 8. Modified Normalised Difference Water Index (MNDWI) Map. Source: Open-Source Satellite data. 
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Water bodies cover 4.64 per cent of Ahmedabad’s total area, including the 
Sabarmati River, Kankaria Lake, Chandola Lake, Malek Saban Lake, Vanar Vat 
Talab, Piranha Lake, and Isanpur Lake. Jaipur has a smaller proportion of water 
bodies, covering only 1.21 per cent of Jaipur’s total area, including significant 
water bodies like Jal Mahal and Amanishah Nala (Table 7). 

3.3.4. Barren Land 
The Normalized Difference Bareness Index (NDBaI) values detail the extent of 
bare land cover in Ahmedabad and Jaipur (Figure 9). The values range from a 
maximum of 0.252 to a minimum of −0.556 in Ahmedabad and from a maxi-
mum of 0.384 to a minimum of −0.069 in Jaipur, indicating varying degrees of 
bareness (Table 6). 
 
Table 6. Values of Normalized Difference Bareness Index (NDBaI) Indices. 

 
Ahmedabad Jaipur 

Maximum Minimum Maximum Minimum 

NDBaI 0.252 −0.556 0.384 −0.069 

Source: Open-Source Satellite data. 
 

 

Figure 9. Normalized Difference Bareness Index (NDBaI) Map. Source: Open-Source Satellite data. 
 

Bare land areas cover 11.30 per cent of Ahmedabad’s total area, primarily in 
peri-urban regions surrounding the city. These areas may include undeveloped 
or agricultural land and patches of barren terrain. In contrast, as compared to 
Ahmedabad, Jaipur constitutes high bare land areas with approximately 20.34 
per cent of Jaipur’s total area. These areas are primarily situated in peri-urban 
regions in the western and southern parts of the city and around Mansarovar 
(Table 7). 
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Table 7. Area statistics of Surface Urban Heat Island (SUHI). 

Land Characteristics 
(derived from indices) 

Ahmedabad Jaipur 

Percentage 
of total area 

Location 
Percentage 
of total area 

Location 

High 
Vegetation 

26.77 
Areas Along the 

Sabarmati River in the 
North and South Parts of the City 

25.39 
Aravali Mountains, Dense 

Vegetation around Jal Mahal, 
Jhalana Safari Park, Central Park 

High Built-Up 56.14 
Dariyapur, Saraspur, Kalupur, Old 

City, Khadia, Asarwa etc. 
50.83 

Shastrinagar, Bapu Bazar, 
Laxminarayan Puri, 

Subhash Chowk, Sundarvihar etc. 

High Waterbody 4.64 

Sabarmati, Kankaria Lake, 
Chandola Lake, Malek Saban Lake, 

Vanar Vat Talab, Biranha Lake, 
Isanpur Lake, Ghodsar Lake, etc. 

1.21 Jal Mahal, Amanishah Nala 

High Bare Land 11.30 Peri-Urban Areas of The City 20.34 
Peri-Urban Areas of Western 

and Southern City; 
Areas around Mansarovar etc. 

Source: Open-Source Satellite data. 

3.4. Discussions 

The relationship between Land Surface Temperature (LST) and land surface 
characteristics in the cities is crucial for understanding urban heat dynamics. 
Both cities exhibit significant variations in land surface characteristics, with 
Ahmedabad boasting 26.77 per cent higher vegetation cover than Jaipur, which 
is slightly lower at 25.39 per cent. Areas with abundant Vegetation, such as along 
the Sabarmati River in Ahmedabad and around the Aravali Mountains in Jaipur, 
possess lower LSTs due to the cooling effects of Vegetation through transpira-
tion and shading. Conversely, built-up areas, which constitute the majority of 
urban landscapes in both cities, i.e. 56.14 per cent in Ahmedabad and 50.83 per 
cent in Jaipur, exhibit higher LSTs. In contrast, in Ahmedabad, the high LSTs 
were visible in the areas of the older city, which lack the proper planning strate-
gies, but on the other hand, the significant UHI was visible in the north western 
part of the city, which is primarily owned by industrial activities. Jaipur is a set 
example of a city that has been planned since it was established, which has en-
sured the green cover in the city and controlled the haphazard development. 
Thus, in Jaipur, only certain city pockets witness high LST, which generally in-
clude the densely populated areas with high building density. The presence of 
water bodies moderates surface temperatures by absorbing and storing heat, re-
sulting in lower LSTs, such as in the regions along the Sabarmati River in Ah-
medabad and regions along Jal Mahal in Jaipur, which exhibit the minimum 
values of LST. In contrast, regions with significant proportions of bare land, 
such as peri-urban areas surrounding both cities, experience higher LSTs due to 
increased solar radiation absorption and reduced evaporative cooling. 
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The present study reveals significant information about the Land Surface 
characteristics and their effect on the LST and microclimatic variations of the 
cities. The results from the open-source satellite images show that both the cities 
have temperature ranges of around 8 degrees Celsius. Both cities experience the 
UHI effect, but the difference is found in the locations of SUHI, where Jaipur has 
a majority of high LSTs around industrial areas, whereas Ahmedabad experi-
ences high LST values in the city’s densely built-up areas. The healthy Vegeta-
tion and presence of water bodies in both cities modify the microclimate of the 
cities by mitigating the UHI phenomenon and providing greater thermal com-
fort to the residents. 

The geographical distribution of elevated land surface temperature (LST) in-
dicates that concrete zones are becoming urban heat island types. However, any 
urban zone’s LST can be lowered by having a lot of greenery and water features. 
In urban and peri urban settings, protecting green spaces and bodies of water is 
one of the most crucial responsibilities of planners and legislators. Cities can 
improve their urban thermal environment with the use of urban plans, and it is 
recommended that administrative authorities create a plan specific to each cir-
cumstance.  

4. Conclusion 

The projected increase in land surface temperature (LST) to global climate 
change has had a detrimental impact on the quality of life, health, and urban en-
vironment, especially in emerging nations like India and its cities. The increas-
ing population growth of the city is driving up demand for residential houses. 
Consequently, this forces the government to put aside funds for private-sector 
investments and government-funded housing projects. Numerous changes in 
land usage have resulted from the rising demand for land.  

The study employed pixel-based satellite data to classify the vegetation, water 
bodies, barren land, urban built-up land and land surface temperature in the 
study area. Based on the analysis, the NDVI has been widely used to indicate 
vegetation richness in studies of urban heat islands, which has led to the estima-
tion of LST. By combining NDBI and MNDWI, positive correlations between 
NDBI and LST were found. This process also revealed that rising land surface 
temperatures were accompanied by a significant rise in the area’s impermeable 
surface. The MNDWI, however, shows a negative association because water sig-
nificantly reduces temperature. In conclusion, land surface temperature correla-
tions with NDVI, NDBI, and MNDWI can be used as a signal to monitor urban 
regions’ thermal climate.  

The importance of improving our understanding of urban microclimates to 
mitigate the consequences of the Urban Heat Island (UHI) Effect is emphasized 
in this study. Urban heat island (UHI) effects can be reduced by converting ur-
ban wastelands into parks, installing green mufflers on roadways, encouraging 
people to plant rooftop gardens, creating vertical gardens in office and govern-
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ment buildings, and utilizing sustainable building materials that absorb heat. 
Consequently, this will improve the citizens’ quality of life. The results of this 
study can be used by policymakers, urban planners, and other stakeholders to 
help them make well-informed decisions about the analysis and mitigation of the 
UHI Effect, which would improve the quality of life in Indian cities.  
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