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Abstract
Urban thermal environments and their characteristics and the distribution of 
urban green space (UGS) are studied in four major Indian cities: Ahmedabad, 
Delhi, Jaipur, and Lucknow. The Landsat satellite data was used to create 
the Normalized Difference Vegetation Index (NDVI) to study vegetation's 
spatial distribution. However, MODIS thermal bands were employed to 
analyse Land Surface Temperature (LST) and city thermal properties. The 
findings show that 15.97 per cent of Lucknow's total area is classified as 
a High potential SUHI zone, compared to 29.41 per cent, classified as a 
Low potential SUHI zone. Jaipur has two possible SUHI zones: a high 
potential zone (12.69 per cent) and a low potential zone (30.45 per cent). In 
contrast, Ahmedabad exhibits an 18.37 per cent High potential SUHI Zone 
and a 27.62 per cent low potential SUHI Zone. Delhi exhibits a 14.98 per 
cent High potential SUHI Zone but is significantly higher at 39.97 per cent 
Low potential SUHI Zone. Analysis of LST distribution reveals correlations 
with vegetation cover, with areas abundant in greenery experiencing lower 
temperatures. This study emphasizes how crucial green infrastructure is 
to urban planning to improve thermal comfort in fast-urbanizing areas and 
reduce the negative consequences of urban heat islands. 
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Introduction
The definition of an urban heat island (UHI) is a 
metropolitan area that experiences temperatures 
that are noticeably higher than the rural areas 
that surround it.1 Human activit ies include 
industrialization, transportation, energy generation, 
and replacing natural vegetation with impermeable 

surfaces, like building areas, asphalt, etc., that 
absorb and hold heat.2,3 The primary classifications 
of urban heat islands are surface (SUHI) and 
atmospheric (AUHI).4 Summertime is when SUHI 
is most noticeable, and winter and nighttime are 
when AUHI is most noticeable.5 UHIs have been 
linked to various environmental and health issues, 
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such as increased energy consumption for cooling, 
heat-related health problems, and elevated pollution 
levels.6 Mitigating UHIs is crucial for reducing cooling 
energy demands, preventing smog formation, and 
improving overall urban environmental quality.2

The presence of Urban Green spaces (UGS) helps 
to mitigate the effect of Urban Heat Islands due 
to evapotranspiration and cooling effects.7,8,9 The 
presence of vegetation cover significantly decreases 
the air temperatures of the adjacent areas.10, 11 The 
green spaces also create a cooler microclimate 
near them and help in reducing the SUHI effect.12, 13 
Vulnerable populations, particularly in underserved 
communities, are disproportionately affected by 
extreme heat events.14 On the other hand, urban 
greenspaces have been found to affect physical 
and mental health and well-being positively.15 Their 
size and extent strongly influence the cooling effect 
of urban green spaces. On average, green spaces 
of around 50 hectares can reduce temperature 
ranges by 1.5–3.0 degrees Celsius,16, 17 while larger 
areas exceeding 150 hectares exhibit even more 
pronounced cooling effects on the adjacent air 
temperatures.8 Hence, the UGS proved effective in 
providing better thermal comfort to the urban dwellers 
residing in their vicinity. Increased exposure to 
greenspaces can benefit mental health by providing 
opportunities for social interaction, recreation, and 
relaxation.18 Integrating greenery in urban planning, 
such as vertical greenery systems and green roofs, 
has been proven effective in mitigating UHIs.19, 20 
Optimising cooling efficiency with the help of green 
spaces is crucial to balancing urban development 
and minimising the influence of UHIs.21

This study uses remotely sensed data to compare the 
spatial pattern of the UHI effect in four metropolises 
in India. This approach advances our understanding 
of urban environments and the urban heat island 
effect. The index-based strategy allows a greater 
understanding of the link between LST, SUHI, 
UTFVI, and NDVI. Even though the UHI effect has 
been extensively studied elsewhere, more research 
is still required to fully understand the influence 
of SUHI and other index-based methods. This 
study closes a knowledge gap by explaining how 
greenness could mitigate the impact of SUHI in a 
rapidly growing Indian metropolis.

This work adds a new perspective on the cooling 
effect of green areas and how they can mitigate 

the effects of SUHIs on urban microclimates and 
habitats, which has substantially enhanced our 
understanding of the topic. This study investigates 
LST patterns on the ground, the impact of heat 
islands on the surface, and the cooling impacts 
of UGS on the LST and its surroundings in a 
metropolitan area of India. It is predicated on index-
based methodology and data from remote sensing. 
We can also solve the issue that just a few urban 
cooling studies have examined the thermal effects 
of green space samples by examining every green 
area in a large city. Additionally, the study expands 
our knowledge of the regional impacts of surface 
temperature and heat islands on the ground, 
which assist decision-makers and administrators in 
creating practical strategies to relieve the harmful 
effects of heat islands on urban ecosystems and 
people's health.

Methodology
Location
Four Indian metropolitan cities, i.e. Delhi, Lucknow, 
Jaipur, and Ahmedabad, were considered for the 
study due to their geographical location and that face 
similar contemporary urban issues like infrastructure 
development, pollution, health concerns, etc. 

Delhi, a crucial part of India's National Capital 
Region, rests in the north of the country, averaging 
216 meters above sea level across its approximately 
1483 square kilometres. Important geographical 
features include the Yamuna floodplains and the 
Delhi Ridge. With a population of around 17 million 
as of the 2011 Census, Delhi is renowned for its 
diverse landscapes, from ancient monuments to 
bustling markets, government offices, and modern 
residential and commercial sectors.

The state capital of Rajasthan, Jaipur, is surrounded 
by the Aravalli Mountains and is amidst lush 
plains, hills, and immense deserts. The estimated 
population of Jaipur was 2.8 million in 2011, and it 
is a model city for urban planning and development. 
Lucknow, the capital of Uttar Pradesh, is situated on 
the verdant alluvial plains of the Ganges River. The 
Gomti River is a major water channel in this area. 
With a population projected for the 2011 Census 
at over 4.6 million, the city's cultural tradition and 
modernity contribute to its increased regional 
relevance. 
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Ahmedabad, Gujarat's leading financial and 
commercial centre, is fortunate to have a diverse 
landscape. Warm summers and pleasant winters 
are typical of its semi-arid climate. Encircling the 
suburbs of Ahmedabad are desert landscapes with 

large areas of industrial and agricultural zones. As of 
2011, the city has 5.5 million residents, symbolising 
economic activity, urban growth, and historical 
significance.

Table 1: Details of the acquired Satellite Data

Satellite Landsat 8 – OLI & TIRS MODIS - Terra

Spatial Resolution 30 × 30 m 1000 × 1000 m
Acquisition Period June 2023 June 2023

(TIRS, or Thermal Infrared Sensor; OLI, or Operational Land Imager)
Source: USGS-Earth Explorer & NASA Earth Data

Datasets
The Landsat 8 datasets were incorporated to 
study the Green cover of the four cities using 
an index-based approach, whereas the thermal 
characteristics were extracted using the MODIS 
Terra satellite datasets (Table 1). Thermal and 
optical remote sensing data were collected to 
assess the spatial pattern of LST and land surface 
characteristics in these four cities. The USGS (United 
States Geological Survey) provided radiometrically 
calibrated and atmospherically corrected Landsat 
8 data (L2), which was employed to assess land 
surface features.  MODIS thermal data provided by 
NASA Earth data was used to create LST maps to 
evaluate the  UHI effect on the cities.

Methodology
In several disciplines, including ecology, biology, 
agriculture, earth science, horticulture and forestry, 
the Vegetation Index of NDVI is a commonly used 
geo-statistic. It is a widely used indicator in many 
urban green space studies.   NDVI is derived from 
the ratio of near-infrared (NIR) and red reflectance 
of vegetation, providing insights into vegetation 
greenness, productivity, and phenology.22 It is a 
valuable indicator of vegetation health, biomass, and 
responses to environmental changes like climate 
fluctuations.23

A remote sensing-based approach can be beneficial 
for analysing green cover and the surface land 
temperatures of cities.24, 25 Thermal infrared remote 
sensing has become a key technology in studying 
Urban Heat Islands.26 The GIS tools and techniques 
can further utilise the acquired Remote Sensing data 

to study their spatial patterns and distribution and 
the correlation of the Green Cover and SUHI.27, 28

The NDVI is used to analyse the four cities' Urban 
Green Spaces.29,30,31,32, 33 It is calculated by the 
following Equation:34

NDVI = (NIR-R)/(NIR+R)

NDVI (Landsat 8) = (B5 -B4)/(B5+B4)

Where, NIR: Near Infrared

R: Red
B: Band

The Thermal characteristics of the cities were 
calculated using the MODIS LST data products.35,36 
To improve the results of the Surface Urban Heat 
Island, the LST Satellite datasets were enhanced by 
adding the UTFVI, or Urban Thermal Field Variance 
Index. Google Earth was also utilised to extract 
and verify the area characteristics of the NDVI. The 
values obtained from the indices were reclassified 
into High, medium, and low values. The results were 
further analysed, interpreted, and represented using 
various statistical tools. 

Results and Discussion
Urban Green Spaces (UGS)
The spatial coverage of green spaces in cities was 
analyzed using data from the Landsat satellite. The 
range of NDVI values is +1 to -1; values closer to +1 
suggest the existence of healthy plant cover, while 
values closer to -1 are associated with other land 
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use classifications.  The NDVI values calculated in 
the study give an insight into the state of health and 
intensity of vegetation in each of the discussed cities 
(Table 2 and Figure 1). The higher values for NDVI 
maximum for Delhi (0.585), Ahmedabad (0.560), 

Jaipur (0.550), and Lucknow (0.416) imply that they 
have healthier and denser vegetation.

Area Statistics with High NDVI Values for the four 
cities are indicated in Table 3. There is a significant 
variation in the percentage of high vegetation zones 
among the cities listed. Delhi has the highest rate at 
28.29 per cent, followed by Ahmedabad at 26.77 per 
cent, Jaipur at 25.39per cent, and Lucknow at 21.16 
per cent. Numerous factors, including geography, 
climate, bodies of water, and human activity, impact 
high vegetation zones. For example, areas along 
rivers like the Sabarmati in Ahmedabad, the Yamuna 
in Delhi, or the Gomati in Lucknow tend to have more 
vegetation due to water availability.

Table 2: NDVI Values

City NDVI-Maximum NDVI-Minimum

Lucknow 0.416 0.0171
Jaipur 0.550 -0.069
Ahmedabad 0.560 -0.072
Delhi 0.585 -0.136

Source: USGS Earth Explorer

Table 3:  High Vegetation Zones

City High Vegetation Zones Location
 (per cent of total Area) 

Lucknow 21.16 Kukrail Forest, Cantonment, RDSO, Outskirts along Hardoi  
  Road, Janeshwar Park, Areas along Gomti
Jaipur 25.39 The dense vegetation surrounding Jhalana Safari Park, Jal  
  Mahal, Central Park, and the Aravali Mountains  
Ahmedabad 26.77 Sabarmati River-front neighborhoods to the city's north and  
  south
Delhi 28.29 Areas along the Yamuna, Kamla Nehru Ridge, Model Town,  
  Dhirpur Wetland, Yamuna Biodiversity Park, PUSA Hill Forest, 
  and the vicinity of JNU are examples of peri-urban areas in
   Northern and Southern Delhi.

Source: USGS Earth Explorer

The Urban Surface Heat Island
LST is calculated using the brightness temperature 
measured by the satellite sensors. MODIS thermal 

bands measure brightness temperatures, converted 
into physical temperatures (LST) using GIS (Table 4).  

Table 4:  Maximum and Minimum Land Surface 
Temperatures

City LST-Maximum (in °C) LST-Minimum (in °C)

Lucknow 46.17 39.15
Jaipur 45.51 37.17
Ahmedabad 45.19 37.31
Delhi 47.27 32.93

Source: NASA Earth Data
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The LST Calculation findings provide each city's 
thermal properties of the land surface. With a 
minimum of 39.15°C and a maximum of 46.17°C, 
Lucknow has the highest maximum LST, closely 
followed by Jaipur, which has a minimum of 37.17°C 
and a maximum of 45.51°C. In Ahmedabad, 
the minimum temperature is 37.31°C while the 
maximum temperature is somewhat lower at 
45.19°C. Interestingly, Delhi displays the highest 
maximum LST among the cities at 47.27°C and 
the lowest minimum LST at 32.93°C, indicating 
significant temperature fluctuations within the town. 
However, Lucknow's temperature ranges between 
its maximum and minimum values with moderate 
variability (7.02°C). At 8.34°C, Jaipur's temperature 
range is somewhat broader than Lucknow's, 
indicating marginally more significant temperature 
swings. Ahmedabad exhibits a 7.88°C temperature 
range comparable to the fluctuations noted in Jaipur 

and Lucknow. With a range of 14.34°C, Delhi, 
on the other hand, exhibits the broadest range of 
temperatures among the cities, showing notable 
variations in temperature inside the town. 

To show the Thermally Active and Inactive zones 
of the four cities, the Urban Thermal Field Variance 
index was also calculated using the LST. Higher 
UTFVI values indicate larger thermally active zones 
and, thus, more significant temperature variability. 
Conversely, uniform temperature distributions and 
thermally inactive zones are marked by lower UTFVI 
values. 

The UTFVI of Lucknow has a range of 0.0075 to 
-0.0216, Jaipur 0.0143 to -0.0328, Ahmedabad, 
0.0167 to -0.0269 and Delhi, 0.0110 to -0.0305, 
respectively (Table 5).

Fig.1: Index of Normalized Difference Vegetation

Source: USGS Earth Explorer
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Spatial Distribution of SUHI potential zones has 
been depicted in Table 6, where Lucknow shows 
29.41 per cent of its total area characterized by a 
Low potential SUHI Zone, contrasting with 15.97 
per cent designated as a high potential SUHI Zone. 
Jaipur exhibits a 12.69per cent High potential 
SUHI Zone and 30.45per cent low potential SUHI 
Zone, indicating a notable prevalence of favourable 

thermal conditions. Similarly, Ahmedabad presents 
an 18.37per cent High potential SUHI Zone and 
a 27.62per cent low potential SUHI Zone. Delhi 
features a 14.98per cent High potential SUHI Zone 
but is significantly higher at a 39.97per cent Low 
potential SUHI Zone, suggesting a relatively higher 
prevalence of thermally favourable environments 
despite existing challenges (Figure 2 and Table 7).

Table 5: UTFVI (Urban Thermal Field Variance Index) value

City UTFVI-Maximum UTFVI-Minimum

Lucknow 0.0075 -0.0216
Jaipur 0.0143 -0.0328
Ahmedabad 0.0167 -0.0269
Delhi 0.0110 -0.0305

Source: NASA Earth Data

Table 6: Surface Urban Heat Island Potential Zones

City Low potential SUHI Zone Medium potential SUHI Zone High potential SUHI Zone 
 (per cent of total Area) (per cent of total Area) (per cent of total Area)

Lucknow 30.11 51.74 18.15
Jaipur 30.45 56.86 12.69
Ahmedabad 35.53 50.92 13.55
Delhi 40.20 42.63 17.17

Source: NASA Earth Data

Fig. 2: depicts surface urban heat islands
Source: NASA Earth Data
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Table 7: Provides the specific Locations of  the High and Low Potential SUHI areas

City Low Potential SUHI High Potential SUHI

Lucknow Areas around Kukrail Forest, RDSO, Cantonment Chowk, Balaganj, Thakurganj, Khadra,  
 zone, Kathauta Lake, and Mango orchards along  Alambagh, Indiranagar etc.
 Hardoi Road 
Jaipur The Aravali Mountains, Central Park, Jhalana  Bapu Bazar, Shastrinagar, and other
 Safari Park, and Jal Mahal are places with  northwest industrial neighborhoods of the
 dense vegetation. city.
Ahmedabad the Chandola Lake, Kankaria Lake, Sabarmati  The industrial zones in the east of the
 River basin, certain peri-urban areas of the city,  city, Old City, Khadia, and certain peri-
 and so on. urban areas south of the town are where 
  open undeveloped land can be found.
Delhi Sites along the Yamuna River, Yamuna  The Okhla industrial sites, Shahadra, 
 Biodiversity Park, JNU, Kamla Nehru Ridge,  Patparganj, Chandni Chowk, Karolbagh, 
 PUSA Hill Forest, and Dhirpur Wetland. and the peri-urban area consist of 
  undeveloped property on the western 
  fringe of the city, etc.  

Source: NASA Earth Data

An Analysis of the Four Metropolitan Cities
Lucknow
Most areas that experienced low values of LST were 
concentrated in the areas of high vegetation. The 
Areas around Kukrail forest (Figure 3a) experienced 
LST of around 39-40 °C, providing high thermal 
comfort to the nearby people. Similarly, abundant 
vegetation in the area of Cantonment (Figure 3b) 
provides much relief to the residents. The older 
parts of the city where there is a significant lack 

of vegetation receive sweltering temperatures, 
whereas the newly built areas like Gomtinagar and 
Ashiyana have been planned in such a way that the 
vegetation cover provides thermal comfort in the 
areas (Figure 3 a- c). The NDVI research identifies 
various plant types, including urban parks, greenery, 
vegetation beside roads, and urban woodlands.  
These measures help diminish the severity of 
the Surface Urban Heat Island phenomenon by 
minimizing the LST values in the affected locations.

Fig. 3a-c: NDVI & LST of Lucknow
Source: Open-Source Satellite Data
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Jaipur
Jaipur, a city recognized for its urban planning, saw 
a modest urban heat island due to green cover.  The 
areas around Aravali(Figure 4a) and the northern 
part(Figure 4b)  have been densely covered with 
greenery, which results in the cooling of nearby 

areas. The temperature found in these regions 
was around 39-40 °C. The greenery inside Jaipur 
also helps the city remain considerably excellent 
compared to the places that lack green cover 
(Figure 4c).

Fig. 4a-c: NDVI & LST of Jaipur
Source: Open-Source Satellite Data
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Delhi
Delhi, India's most populated Urban centre, 
witnesses various landscapes like Urban forests, 
ridges, the Yamuna River, densely constructed 
buildings, etc. The areas around the dense 
vegetation areas like the Pusa, Kamla Nehru Ridge, 

and Asola experience the moderating influence of 
the green cover (Figure 5 a, b). Certain areas of 
Delhi with a good amount of green cover (Figure 5c) 
witness temperatures around 37- 39°C, less than 
the areas devoid of vegetation cover or with a high 
density of built-up areas.

Fig. 5a-c: NDVI & LST of Delhi
Source: Open-Source Satellite Data
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Ahmedabad
Ahmedabad has a substantial amount of green 
cover in certain city pockets. The peri-urban areas 
of the city experience moderate temperatures due 
to the abundance of green cover. The areas of 
the Western city also have high levels of thermal 

comfort due to the presence of vegetative cover  
(Figure 6 a,b). The temperatures around the green 
spaces in Ahmedabad city were around 37-39°C. 
The northern part of the city also witnessed low 
LST values due to the vegetation cover (Figure 6c).

Fig. 6 NDVI & LST of Ahmedabad
Source: Open-Source Satellite Data
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Conclusion
The study revealed valuable insights into the 
spatial distribution of green areas, LST, and the UHI 
phenomenon in four major Indian cities. Across these 
cities, Landsat satellite datasets revealed spatial 
patterns of green spaces through NDVI and LST 
estimates, showing each city's thermal peculiarities.
The spatial distribution of LST revealed a 
correlation between high vegetation areas and 
lower temperatures, highlighting the cooling effects 
of green spaces. Urban planning initiatives, such 
as those observed in Jaipur, demonstrated the 
moderating influence of green cover on temperature 
extremes within cities.

The rich tapestry of green spaces, from urban parks 
to green riverbanks, serves as a lifeline amid the 
concrete sprawl. These lush pockets are crucial in 
moderating temperatures, fostering biodiversity, and 
enhancing urban liveability. On the other hand, the 
disparities in land surface temperatures reflect the 
unequal distribution of urban heat islands, where 
densely built-up areas experience elevated thermal 
stress. The variability in thermal characteristics 
underscores the complexity of urban environments, 
shaped by various factors, including geography, 
climate, and human activities.

Hence, it becomes evident that promoting sustainable 
urban development requires a holistic approach that 
prioritizes the preservation and expansion of green 
infrastructure in the form of transforming vacant 
lands in the cities into urban parks, implementing 
green mufflers along roads, promoting rooftop 
gardens among citizens, installing vertical gardens 

in government and corporate offices. By integrating 
nature into the fabric of our cities, we can create more 
resilient, equitable, and vibrant urban environments 
that enhance the health and welfare of the present 
and subsequent generations.
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