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Abstract: Rapid urbanization in Indian cities has significantly intensified the Urban Heat Island (UHI) effect, a 

phenomenon where urban areas experience higher temperatures than their rural surroundings due to the replacement of 

natural landscapes with heat-retaining materials like concrete and asphalt. While Transit-Oriented Development (TOD) 

is a pivotal strategy for sustainable mobility, its implementation can drive substantial Land Use and Land Cover (LULC) 

transformations that inadvertently exacerbate local warming. This research presents a comparative study of the 

established Delhi Metro and the emerging Indore Metro corridors to evaluate the impact of transit-induced densification 

on microclimatic conditions. 

To balance transit growth with climate resilience, the research advocates for mandatory 30–40% green cover, high-

albedo materials, and water-sensitive urban design. These results provide a strategic framework for mitigating UHI 

effects in rapidly developing Indian transit corridors. 

 

Index Terms – Urban Heat Island (UHI), Transit Oriented Development (TOD), Land Use and Land Cover 

(LULC), Delhi Metro, Indore Metro 

 

INTRODUCTION 

Over the past few decades, India's urbanization rate has increased drastically, turning cities into congested, complicated 

places. Urban areas are confronted with issues like rising temperatures, inefficient land use, and environmental 

deterioration due to growing population pressure and geographical development. Among these, the Urban Heat Island 

(UHI) effect has grown to be a major issue, especially in metropolitan areas. The concentration of built-up surfaces, 

decreased vegetation, and increased anthropogenic activity, urban areas experience noticeably higher temperatures than 

their surrounding rural regions.  

 

Transit-Oriented Development (TOD) is a sustainable urban planning concept that promotes mixed-use, high-density 

development around public transportation hubs. TOD seeks to improve mobility, reduce emissions of greenhouse gases, 
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and make cities more liveable by lowering reliance on private automobiles. On the other hand, the concentration of 

development near transit lines often results in more construction, the removal of natural areas, and the spread of heat-

absorbing materials like asphalt and concrete. 

 

The growth of metro systems has drastically changed land-use patterns in places like Delhi. Rapid urbanization, marked 

by higher building densities and commercial activity, has occurred in the areas surrounding metro stations. Although 

these modifications improve accessibility and economic growth, they also exacerbate environmental problems like the 

UHI impact. However, the situation is different in developing cities like Indore, where metro systems are still being 

developed.  

 

The relationship between transit-oriented development and the Urban Heat Island effect, especially in the Indian setting, 

is still poorly understood despite a wealth of research on urban transportation and land-use change. Instead of analysing 

how TOD-driven land-use changes affect urban temperature trends, the majority of research either concentrate on 

mobility advantages or environmental concerns separately. 

 

Thus, utilizing the Delhi Metro as a key case study and contrasting it with the developing Indore Metro route, the goal 

of this research is to examine how Transit-Oriented Development adds to the Urban Heat Island effect. 

 

NEED FOR THE STUDY 

The need for these studies arises from the urgent challenges posed by rapid urbanization in megacities, where the 

expansion of infrastructure like the Delhi Metro significantly transforms the urban landscape and environmental health. 

According to the sources, the primary reasons for conducting this research include: 

 Mitigating the Urban Heat Island Effect: UHI is a rising environmental concern that profoundly impacts the 

quality of life, public health, and energy consumption in megacities. There is a critical need to understand the root causes 

of UHI. 

 Addressing Underexplored Environmental Impacts: While the Delhi Metro has improved accessibility and 

reduced emissions, its specific effects on Land Use and Land Cover (LULC) and environmental dynamics remain 

underexplored. This study is necessary to evaluate how the metro's expansion contributes to environmental degradation, 

including habitat loss, deforestation, and the UHI effect. 

 Filling Gaps in Sustainable Urban Planning: There is a growing consensus on the necessity of comprehensive 

urban planning strategies that foster resilient environments. Research is needed to offer insights for policymakers to 

balance high-density urban growth with the preservation of green infrastructure and natural water bodies. 

 Managing Rapid Urbanization Pressures: Urban land areas are growing faster than their populations, leading to 

disorderly land development and pressure on resources. The study aims to investigate how Transit-Oriented 

Development (TOD) can be effectively integrated with urban planning to create compact, walkable communities while 

minimizing negative consequences like urban sprawl and gentrification. 

 

METHODOLOGY: 

This study employs a qualitative and analytical methodology based on secondary data sources. The research examines 

vegetation indices, temperature trends, and changes in land use to understand the relationship between TOD and UHI.  
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Satellite photography is necessary to analyse changes in land use over time. Using information from Landsat sensors, 

land cover is divided into classes such as vegetation, open land, water bodies, and built-up areas. These classifications 

facilitate the identification of urban growth trends and their environmental impacts. 

 

NDVI and land surface temperature (LST) data are used to analyse the link between vegetation and temperature. While 

LST gives information on surface temperatures, NDVI readings show the density of vegetation. The study reveals a 

relationship between land cover and temperature properties by comparing these datasets.  

In order to determine the parallels and differences between Delhi and Indore's development patterns and possible 

environmental effects, a comparative analysis is finally carried out. 

 

3.1 Literature Review: 

The relationship between land-use change, urban environmental conditions, and transit infrastructure has become more 

significant in increasingly urbanizing cities. India's spatial expansion has been mostly driven by metro networks, 

particularly through Transit-Oriented Development (TOD). While TOD promotes compact and efficient urban form, 

recent studies reveal that it also profoundly changes the environment, especially in terms of land surface temperature 

and the impact of Urban Heat Islands (UHIs). 

 

3.1.1 Transit-Oriented Development and Land Use Transformation 

Urban growth patterns have been significantly altered by the Delhi Metro's expansion. The metro network has grown to 

roughly 389–393 km with roughly 285–288 stations, according to latest study, making it one of India's biggest rapid 

transit networks.[1] Due to this extensive network's substantial advances in accessibility and connectivity, urban 

expansion has emerged around metro corridors. 

 

A thorough examination of satellite imagery from 1997, 2006, 2011, and 2019 shows a recurring pattern of land-use 

change in metro impact zones.[1] According to the study, there has been a significant transition from open space and 

vegetation to populated regions within buffer zones of 0–500 m, 500–1000 m, and 1000–1500 m. The 0–500 m buffer 

zone shows the most dramatic changes, suggesting that the degree of urbanization is significantly impacted by proximity 

to transit infrastructure. 
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The main forces behind this shift are rising land values and heightened real estate activity in the vicinity of metro 

stations. The literature indicates that the Delhi Metro's daily ridership has increased significantly, with over 2.03 billion 

passenger trips in 2023, highlighting its critical role in urban mobility. Despite improvements in the usage of public 

transportation, the number of private automobiles in Delhi increased from 6.98 million to 9.08 million between 2011–

12 and 2015–16, indicating continued pressure on urban infrastructure and land resources. These numbers show how 

TOD not only promotes development but also accelerates the conversion of natural land cover into dense urban fabric, 

which has an immediate impact on environmental circumstances. 

 

3.1.2 Urban Heat Island and Land Surface Temperature 

The Urban Heat Island effect is closely linked to changes in land use and urbanization. Studies based on Landsat data 

show significant differences in land surface temperature (LST) amongst different land-use groups. Delhi's temperature 

varies from about 24°C near the Yamuna River to 35°C in the western parts of the city, with temperatures as high as 

36°C to 37°C in the outlying districts. 

These variations are closely related to the distribution of vegetation and population areas. Built-up and fallow regions 

often report higher temperatures, whereas vegetated areas and bodies of water function as cooling zones. The study also 

reveals that, even within cities, there are temperature differences of 10–13°C between heavily populated and greener 

locations.  

Because of this, the impact of UHI is not uniform but rather varies spatially, with the highest intensity being seen in 

areas experiencing rapid and dense urban expansion. This is particularly crucial in TOD zones, where high-density 

construction and a lack of greenery enhance localized heat accumulation. 

 

 

 

3.1.3 NDVI and Its Relationship with Temperature 

The Normalized Difference Plant Index (NDVI) is a crucial tool for assessing plant density and its impact on urban 

temperature. Research demonstrates a substantial negative correlation between NDVI levels and land surface 

temperature, indicating that higher vegetation cover leads to lower temperatures.  
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Delhi's densely forested areas, such as the Yamuna River and the Delhi Ridge, experience lower temperatures, typically 

between 24°C and 30°C.[2] Conversely, temperatures exceed 35°C in densely inhabited regions with low NDVI values. 

The study also reveals that central and southern Delhi, which have relatively higher vegetation cover, maintain 

temperatures between 28°C and 31°C, while periphery urbanized areas show increased heat intensity. This clearly 

demonstrates how vegetation regulates urban microclimates. 

 

3.1.4 TOD-Induced Environmental Impacts 

Even though TOD aims to create sustainable urban environments, studies show that poor management can lead to 

environmental stress. The expansion of metro infrastructure and concomitant development has been linked to habitat 

loss, deforestation, and changed local climate conditions, all of which worsen UHI.  

 

Increased built-up density increases heat absorption because impermeable surfaces are more common along metro 

routes. Tall buildings and meandering alleys are characteristics of dense urban morphology, which can also obstruct 

airflow and retain heat, increasing local temperatures. 

 

The study also points out that although metro systems reduce emissions associated with transportation, their indirect 

effects on land-use change may offset some of these environmental benefits. This creates a conundrum. 

 

3.2 Implications for Emerging Metro Cities 

On the other hand, developing cities like Indore are still developing their transit infrastructure. Compared to Delhi, these 

cities today have fewer built-up areas and more open spaces. However, if comparable development patterns occur in the 

future, they may encounter similar environmental challenges.  

 

The research indicates that early planning in these types of cities offers an opportunity to include climate-sensitive 

strategies into TOD frameworks. By maintaining vegetation cover, reducing urbanization, and putting in place green 

infrastructure, potential UHI impacts can be mitigated before they get worse. 

 

Study Area 

               Delhi and Indore, two Indian cities in various phases of transit-led urban growth, are the subject of this study. 

A comparative study of how metro infrastructure affects urban growth patterns and spatial organization across time is 

made possible by the selection of these cities. 

 

3.2.1. Delhi: Urban Structure and Metro Influence 

Delhi, India's capital, is the focal point of the National Capital Region (NCR), which covers an area of around 55,000 

square kilometres and is home to over 46 million people. The city has grown quickly over the last few decades as a 

result of population increase, infrastructure development, and economic activity.  

 

The two primary geographical features of Delhi are the Yamuna River, which runs along its eastern side, and the Delhi 

Ridge, an extension of the Aravalli range and an important biological zone. But as cities continue to grow, these natural 

systems have become smaller and more dispersed. 
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The Delhi Metro has had a major impact on the city's urban form. With a network extending more than 390 km and 

roughly 280–290 stations, it connects significant residential, commercial, and institutional destinations throughout Delhi 

and its satellite cities, including as Noida, Gurugram, and Ghaziabad. The metro, which uses a combination of elevated, 

underground, and at-grade routes, is one of the biggest transit networks in the country. 

 

The neighbourhoods surrounding metro stations have seen a noticeable physical transformation. Within walking 

distance of stations, the following have increased:  

 High-density residential buildings 

 Commercial complexes and mixed-use buildings  

 Road infrastructure and parking facilities 

The intensity of these motions gradually decreases beyond 1500 meters, and they are most noticeable within a radius of 

0 to 500 meters. The traditional geographic distribution of the city has been altered by the dense urban clusters created 

by the concentration of construction near metro corridors. 

 

Despite improved public transportation, millions of registered cars in Delhi add to traffic congestion and environmental 

hardship. Delhi's dense built-up areas, lack of open spaces, and high levels of human activity make it a challenging 

urban environment for studying the effects of transit-based expansion. 

 

3.2.2. Indore: Emerging Urban Growth and Metro Development 

In contrast, Indore is a Tier-2 city that is growing quickly and is only now beginning to focus on transportation. Indore, 

in Madhya Pradesh, is well known for its economic significance and has experienced consistent urbanization and 

population growth in recent years.  

 

Because of a combination of planned and uncontrolled expansion, the city's urban structure is less crowded than Delhi's. 

Nonetheless, low-rise structures, open areas, and agricultural land make up a sizable portion of the urban fringe. Future 

planning initiatives will be more flexible as a result. 

 

The infrastructure development of the city has changed significantly since the Indore Metro was introduced. It is 

anticipated that the metro line will link important parts of the city, such as commercial districts, residential 

neighbourhoods, and industrial zones. Developers and real estate investors are starting to express interest in regions 

along the suggested routes as development moves forward. 

 

The consequences of transit infrastructure are still being felt in Indore, in contrast to Delhi, where metro-induced 

development has already reached a mature level. This comprises: First, the value of land along metro routes has changed. 

early phases of infrastructure development and construction. Urbanization is progressively increasing in the vicinity of 

the proposed stations.  

 

The city is a perfect case study for examining future TOD growth trends because of its current urban circumstances, 

which include comparatively lower built-up density and more open area. 
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3.3 Comparative Analysis: Delhi Metro and Indore Metro Corridor 

 

1. Stage of Development and Urban Growth 

Delhi's well established metro network is exemplified by the Delhi Metro, which has been functioning for more than 20 

years. Around metro stations, dense urban clusters have already grown, significantly changing the city. Different TOD 

characteristics, like increased economic activity, high population density, and mixed land use, are present in these areas. 

The Indore Metro, on the other hand, is still in stages of development.  

Earlyurban expansion is taking place along the projected metro routes, with improvements inpropertyvalues and const

ruction activity that are evident but modest. 

From the early stages of planning in Indore to the full reality of urban transformation in Delhi, 

this distinction  shows how the consequences of TOD evolve over time. 

 

2. Land Use and Built-Up Transformation 

                 Delhi's long-term metro expansion has significantly altered land use. In regions close to metro stations, 

particularly within a 0 - 500 m radius, there has been a notable shift from open ground and vegetation to built-up 

surfaces. This includes business complexes, high-rise residential buildings, and infrastructure development. This 

transformation reflects a matured TOD model, but it also implies that there are significantly fewer open and green spaces 

available. Even so, Indore's built-up density is still relatively modest, especially in its periphery. 

 

               Open spaces, agricultural areas, and low-rise buildings are still prevalent. However, there are early signs of 

change along the metro route, where land parcels are gradually being converted for both residential and commercial 

usage. This implies that if growth is not carefully controlled, Indore is likely to follow Delhi's densification trajectory 

 

3.  Urban Heat and Environmental Conditions 

Delhi's heavily populated area has resulted in notable variations in urban temperature. More urbanized areas record 

temperatures between 35°C and 37°C, whereas areas with vegetation or bodies of water record comparatively lower 

temperatures between 24°C and 30°C. This variation demonstrates how the urban microclimate is significantly 

influenced by land-use trends. 

 

Indore currently experiences less intense urban heat due to its more vegetation cover and lower density, but comparable 

hazards will persist in the future. As metro-induced development accelerates, replacing natural surfaces with 

impermeable materials may increase heat absorption, ultimately replicating Delhi's urban heat island patterns.  

 

4. Urban Form and Density Patterns 

               Delhi has a compact and dense urban form with mixed land use and vertical growth along metro routes. The 

concentration of activities in transit zones has improved land use, but it has also increased the demand on infrastructure 

and environmental resources. 
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               Conversely, Indore's urban structure is still more spread and less dense. This is an opportunity to put into 

practice a more balanced TOD plan, where density can be distributed more equitably without being unduly concentrated 

close to transit hubs.  

 

Delhi as a Learning Model for Indore: Strategies to Mitigate Urban Heat Island 

Delhi's massive metro development, which completely changed the city, offers an essential learning foundation for 

growing cities like Indore. Delhi, a post-metropolitan city, is a prime example of the long-term consequences of transit-

oriented development (TOD), including its advantages for transportation as well as its unanticipated environmental 

implications, chief among them the intensification of the Urban Heat Island (UHI) effect. Because both cities are situated 

in a composite climate zone with hot summers and high levels of thermal stress, the mitigation strategies required are 

immediately transferable to contextual adaptation. 

 

One of Delhi's most crucial lessons is the consequences of unchecked densification near metro routes. The concentration 

of high-rise, compact developments near metro stations has increased heat absorption because of the predominance of 

impermeable materials and diminished vegetation. This highlights the need for Indore to control density rather than 

totally eliminate it. Excessive vertical expansion centred just at transport hubs can be replaced with a more graded 

density approach, where development intensity gradually decreases with distance from the metro route. This reduces 

localized heat accumulation while maintaining TOD efficiency.  

 

Another crucial lesson is the loss of natural cover in transit-affected areas. The transformation of natural fields into 

urban areas has been the primary cause of Delhi's rising surface temperatures. Indore may solve this by requiring green 

infrastructure to be included in TOD planning. This means safeguarding existing trees, establishing linear green 

corridors along metro routes, and maintaining a minimum percentage of green cover within each development plot. 

Instead, then being an add-on, greenery should be integrated into urban development as a structural element. 

 

Delhi is another illustration of the detrimental consequences of utilizing a lot of heat-absorbing building materials, such 

as concrete, asphalt, and glass. These materials increase surface temperatures and aid in heat retention. As a preventative 

measure, Indore can promote the use of high-albedo, climate-responsive materials including reflecting pavement, cool 

roofs, and permeable surfaces. Particularly in public spaces and pedestrian zones close to metro stations, these materials 

enhance surface cooling and reduce heat absorption. 

 

Urban morphology is another crucial factor. Due to Delhi's tight, compact construction, ventilation is sometimes 

restricted, creating heat pockets inside urban canyons. Indore has the opportunity to plan for better ventilation and 

airflow by maintaining adequate distances between buildings, aligning streets with the direction of the primary wind, 

and avoiding excessively tiny street canyons. This approach can significantly improve thermal comfort at the 

microclimatic level. 

 

Water-based strategies, often overlooked in transit design, also emerge as an essential solution. Delhi's inadequate 

integration of water bodies has reduced the city's natural cooling capacity. Indore can incorporate blue infrastructure, 
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such as urban lakes, bioswales, and rainwater collection systems, into metro routes to enhance evaporative cooling and 

reduce ambient temperatures 

At the policy level, Delhi's TOD framework has prioritized density and mobility over environmental performance. This 

provides Indore with a clear route for putting into practice a more thorough TOD strategy that includes thermal comfort 

and UHI reduction as crucial planning factors. Regulations mandating green roofs, vertical landscaping, and shaded 

public spaces for all transit-oriented constructions could be passed. 

 

Ultimately, Delhi serves as both a warning and a model for transformation. It serves as an example of how TOD can 

encourage efficient urban growth, but the absence of climate-sensitive planning can lead to major environmental issues. 

Due to its developmental stage, Indore benefits from proactive implementation. By applying these lessons to its planning 

framework, it may develop a transit-oriented urban design that ensures environmental sustainability and thermal comfort 

while also encouraging mobility.  

 

3.4 Recommendations and Design Strategies 

The research of Delhi and its implications for Indore shows that Transit-Oriented Development (TOD) must use 

climate-responsive techniques to lessen the impact of Urban Heat Island (UHI).  

 

Green infrastructure must be integrated first and foremost. The loss of vegetation in Delhi's metro corridors 

highlights the necessity of maintaining and implementing green buffers, linear parks, and green roofs within TOD 

zones to increase cooling and reduce heat absorption. 

 

Second, density must be controlled properly. Instead of concentrating too much near transport intersections, Indore 

should employ a tiered density strategy to prevent localized heat buildup while maintaining TOD efficiency.  

 

Thirdly, permeable pavement, cool roofing, and reflecting surfaces are examples of climate-responsive materials that 

can significantly reduce surface temperatures and improve in high-density areas. 

 

Urban architecture could also encourage ventilation by suitable building spacing, orientation, and covered pedestrian 

walkways in order to decrease heat absorption and improve airflow. Blue infrastructure, like bodies of water and 

rainwater systems, can further enhance cooling through evaporative processes. 

 

Last but not least, TOD requirements at the policy level must include environmental features like minimum green 

cover and thermal comfort standards to guarantee that future development is resilient and sustainable.  

 

CONCLUSION: 

The study unequivocally demonstrates a link between land-use transformation, transit-oriented development (TOD), 

and the intensification of the Urban Heat Island (UHI) impact in fast urbanizing Indian cities. By examining Delhi as 

an established transit-oriented metropolitan system and Indore as an emerging metropolis, the study shows how 

infrastructure-led urbanization significantly affects both urban form and microclimatic conditions.  
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Delhi is a prime example of how the expansion of the Delhi Metro has impacted compact urban development and 

enhanced connectivity, but it has also had unanticipated environmental consequences. The concentration of densely 

populated places, the loss of vegetation, and the pervasive usage of heat-absorbing materials. This highlights a crucial 

gap in the use of TOD, where compactness and mobility have taken precedence over thermal comfort and environmental 

performance. 

 

However, because of the ongoing construction of the Indore Metro, Indore is a transitional urban scenario with 

significant intervention potential. The comparison analysis shows that both cities have similar growth variables and 

meteorological circumstances, making Indore particularly susceptible to replicating Delhi's UHI patterns if development 

follows a similar path. However, this also places Indore in a strategic location were, given Delhi's detrimental 

consequences, more sustainable planning decisions can be made. 

 

One important outcome of this study is the identification of Delhi as both a paradigm of change and a cautionary tale. 

The findings show that while TOD is essential for sustainable mobility, it must be paired with climate-responsive design 

methods to ensure long-term environmental sustainability. The study highlights the importance of finding a balance 

between density and ecological considerations through the implementation of green infrastructure, control over physical 

form, and use of climate-sensitive materials and urban design concepts.  

 

The best course of action for Indore is to go from a reactive to a proactive planning approach. By incorporating UHI 

mitigation strategies into the early stages of metro construction, the city may build a more balanced urban form that 

supports both mobility and environmental resilience. This means preserving vegetation, bolstering blue-green networks, 

encouraging urban ventilation, and reconsidering TOD regulations to include thermal comfort as a key factor.  

 

The study's conclusion emphasizes that the efficacy of transit-oriented development should be assessed in terms of its 

ability to create sustainable, environmentally friendly, and thermally comfortable urban settings in addition to density 

and accessibility. The comparison between Delhi and Indore highlights the necessity of an integrated planning 

framework where ecological systems and transportation infrastructure are created together. This will guarantee that 

future urban expansion won't jeopardize human comfort and climate stability. 
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