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Abstract

The research paper has focused on investigating green infrastructure (GI) and policies to diminish environmental
challenges for sustainable urbanization in rapidly growing cities in India. Urban cities in this country have faced
many environment-related issues like pollution, water crisis, waste management, lack of green areas and so on.
These are causing health, social and economic issues. Therefore, it is important to implement green infrastructure
and policies to mitigate these problems. The author has studied various research papers to gather in-depth
knowledge. The secondary qualitative data collection method has been applied where four scholarly articles have
been chosen to collect and analyze data via themes. It is seen that Gl and certain policies have addressed
environmental challenges. But due to overpopulation and overconsumption, the water crisis is rising causing water
and air pollution. However, the author has also provided solutions to solve this situation through sustainable

urbanization, proper groundwater and resource management, building more green spaces etc.
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Chapter One: Introduction

1.1 Background of the Topic

New urban India faces a number of environmental problems like air and water pollution, improper waste disposal,
excess heat, lack of green spaces etc. These problems have become a threat to the health of the population,
ecosystems and overall sustainability of cities (Halder et al., 2020). Sustainable urbanization is the key to reducing
these challenges by stimulating eco-friendly development. Landscapes, including urban trees, green roofs and
water-sensitive urban design solutions, increase the ecological capability. Frameworks including the Smart Cities
Mission and the National Urban Transport Policy among others have ensured that sustainability is incorporated
into urban planning and management (Mohapatra et al., 2023). These can reduce possible impacts on the

environment and ensure that future generations live in comfortable cities.

1.2 Rationale

The need for this research arises from the fact that there is an urgent need to enhance sustainable city development
in India since the rate at which cities develop contributes to pollution, and deforestation and exacerbates global
warming, including climate change vulnerability. In an attempt to deliver practical solutions for the development
of green infrastructure and implementation of successful green policies, the scope of this study prescribes the
overall goal of advancing knowledge and best practices towards achieving environment-friendly urban

environments for the well-being of future generations.

1.3 Aim, Objectives and Research Questions

The research aims to critically investigate green infrastructure and policies to diminish environmental challenges

for sustainable urbanization in rapidly growing cities in India.
Objectives:

° To analyze the effectiveness of green infrastructure initiatives in addressing environmental challenges in

rapidly growing Indian cities.

° To examine the role of urban policy frameworks in promoting sustainable urbanization practices in India
° To identify key environmental challenges linked to rapid urbanization in India
° To suggest solutions for overcoming environmental issues and integrating green infrastructure better within

urban planning to enhance ecological resilience in Indian cities

Research questions:What is the effectiveness of green infrastructure initiatives in addressing environmental

challenges in rapidly growing Indian cities?

1. What is the role of urban policy frameworks in promoting sustainable urbanization practices in India?

2. What are the key environmental challenges linked to rapid urbanization in this country?
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3. What are the solutions for overcoming the environmental issues and integrating green infrastructure better

within urban planning to enhance ecological resilience in Indian cities?

Chapter Two: Literature Review
1.1 Assessing the effectiveness of green infrastructure initiatives in India

Mitigation of environmental impacts in growing Indian cities such as Kolkata and Pune has been proven hugely
effective by green infrastructure interventions. Kolkata’s urban wetlands and the East Kolkata Wetlands/EKW
system are important for natural water treatment for water supply and domestic use, flood regulation and aeolian
ecosystems (Yadav et al., 2024). They minimize heat island formation, and at the same time, they can support a

sustainable ecology.
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Figure 1: Wetlands of Eastern Kolkata
(Sen, 2022)

Pune has developed Rooftop gardens, urban afforestation and rainwater harvesting which has increased green
cover decreased air pollution and optimized water utilization. Also, green corridors and cycling tracks in both
cities enhance sustainable transport implying lower vehicle fumes (Sujata et al., 2023). Some of the existing
programs include the incorporation of solar power in public facilities and structures and green building plans and
designs. These efforts demonstrate that well-designed green infrastructure/GIl interventions are capable of

delivering significant reductions in environmental harm and increased sustainability enhancing urban lifestyles.
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1.2 Urban policy frameworks in promoting sustainable urbanization, India

There is an interesting role in supporting sustainable city development which lies in urban policy in the case of
India. Hoque and Prakash (2023) noted that the current governmental programs like Smart Cities Mission contain
provisions for applying technology to green buildings, proper waste disposal and renewable energy sources. The
National Urban Transport Policy has enhanced environment-friendly transport by promoting public transport and

non-motorized transportation.

Smart Cities Mission

No. of
cities
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Proposal
(inX crores)

Central
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Figure 2: Smart Cities Mission, India
(Muthaiya, 2023)

Schemes like AMRUT are intended to upgrade water supply and availability of open spaces in urban areas as well
as ecological sustainability (Roy, 2023). Nevertheless, the assemblies of these frameworks tend to be met with
implementation gaps, insufficient financial resources and low community participation. So, these are effective in
promoting sustainable management when implemented and accompanied by strong cohesiveness between agencies

and the incorporation of those good practices into policy-making frameworks developed at the local level.

1.3 Discussing environmental challenges linked to rapid urbanization in India

Air and water pollution have become acute due to industrial emissions, excessive use of vehicles and untreated
wastes which are consequences of India's progressive urbanization (Humbal et al., 2023). These problems related
to urban growth, which lead to deforestation have caused heat islands and low levels of biological diversity.
Besides, there is an issue with landfills and underground water contamination due to poor waste management

systems. Furthermore, excessive exploitation of water resources results in a water crisis especially in the dry
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season and uncontrolled construction contributes to floods and soil erosion (Bera and Mukhopadhyay, 2023).

These challenges negatively affect the overall ecological processes and the organization and quality of life in urban

centres.

1.4 Mitigating the environmental issues and integrating green infrastructure

As per federal government policies, the Indian government has planned to recycle wastewater by 70% by the end
of 2030 (figure 3). PM Narendra Modi has ordered officials to refurbish or build 75 lakes in 785 districts in this

country. This will recharge the underwater table.

i . Value add from the use of water
Domestic wastewater treated o i ’ Renewable water withdrawn
per cubic meter
India's current levels EARGE I $3 66%
India’s 2030 target S6

USA 28%

34%

Germany

Figure 3: Current water status in India
(Das and Patel, 2024)

To enhance the levels of waste management, cities have considered taking measures to decentralize the
composting and recycling functions (Mandpe et al., 2020). The solutions for improving air quality include
supporting electric vehicles and increasing the availability of public transportation while planting urban forests
acting as green barriers can make a huge impact in improving the quality of the air and the ecological structure of
the city. Similarly, community participation and awareness creation can promote local ownership of green
endeavours. Enforcing the rigid measures of the environmental policies, integrating technologies and cooperation

among agencies are advocated as strategies for advancing ecological capacity and sustainable city growth.

1.5 Theoretical Framework

Ecological Modernization Theory postulates that sustainability of urbanisation in India is attainable by diplomacy,
economy and society (Weber and Weber, 2020). Politically, the government needs to bring strict rules and policies
for urban areas that can protect the environment from pollution and water crises. In the economic aspect, it relates
to environmentally friendly technologies and green systems by the firm that supports sustainable economic
development. In terms of community, they should turn to sustainable social practices as the people can be educated

on sustainable development through engagements like awareness campaigns.

New Urbanism principles integrate walkable neighbourhoods and mixed-use developments, open space creations.
This is in harmony with Gl and policy to combat environmental problems facing Indian cities (Cysek-Pawlak and

Pabich, 2021). Connecting rain gardens, green forests and sustainable drainage systems in compact population-
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orientated design concepts can also eliminate pollution, manage water, and challenge heat islands. AMRUT and
Smart Cities Mission based on these principles, contribute to the sustainable infrastructure to make cities

sustainable and more livable in growing urban zones.

1.6 Literature Gaps

There are research gaps in assessing the sustainability and success of green infrastructure policy solutions in the
overall framework of sustainable urbanisation in India. The extent and ability of the specified urban policies need
to be studied further across multiple cities in India. Furthermore, there is a lack of literature regarding the
application of community-centred strategies in partnership with policies. Previous studies also lack research on
how green infrastructure policies deal with socio-economic issues at the community level and the impacts on

informal settlements and marginalized groups.

Chapter Three: Methodology

3.1 Research Philosophy

The author has selected the positivism philosophy for this research paper. It has helped to cover an extensive range
of phenomena within a limited time period. Thus, quantifiable and reliable results can be generated. It also reduces
bias (Jayasuriya, 2023). However, other philosophies have disadvantages. The interpretivism approach lacks
generalizability as it focuses on subjective experiences only causing bias in research. Pragmatism also lacks a
theoretical foundation and might not provide consistency in the results. But positivism offers theoretical

justifications with real-time experience. Hence, all other philosophies are rejected and positivism is ideal.

3.2 Approach

In this study, the inductive research approach has been employed. This has been of great advantage for this
research since it has enabled the identification of new patterns and relations with reference to green infrastructure
and urban policies in examples of emerging Indian cities. The real strength of this approach is in detailing and
establishing theories and solutions from real-world phenomena collected across various urban contexts. This
provides a recent understanding of what can lead to sustained urbanization without the initial hypothesis and

corresponding potential limitations.

3.3 Design

As for the design, the descriptive design has been ideal. This is cost-effective and easy to conduct allowing
multiple data collection (Siedlecki, 2020). In this study also, the author has been able to understand the patterns
from the chosen sample's behaviour. Thus, a comprehensive analysis has been possible. Whereas, exploratory
designs might lead to inconclusive results since it lacks standardized analysis. Similarly, cross-sectional design
cannot assess sample behaviour over a particular time period. Therefore, these are discarded and the descriptive

design has been chosen.
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3.4 Data Collection and Analysis Method

To collect data for this research, the secondary qualitative data collection method has been chosen. In this case,
researchers collect relevant data from previously available data that is from previous research papers. Here also,
the learner has searched for 4 scholarly papers relevant to the topic and gathered information from there. For
analyzing secondary data, thematic analysis has been done where four themes have been created based on the

objectives and chosen study papers.

This method is time-saving and researchers can access a vast amount of data. Thus, it increases knowledge growth
and helps in fulfilling literature gaps (Lochmiller, 2021). Whereas, other methods like primary quantitative and
qualitative are time-consuming and costly and are not required in this paper. Hence, they are rejected and

secondary qualitative research is selected.

3.5 Sampling Technique

The sample size is 4 and the purposive sampling technique has been chosen. It provides researchers the higher
chances to choose relevant participants (samples) only related to the research questions (Andrade, 2021). Here, the
author has also selected the relevant articles from Google Scholar. Thus, the collected is rich and has caused

meaningful findings that have met the objectives.

3.6 Ethical Considerations

The author has cited all the researchers to give them credit. The articles chosen for data collection are not before
2019 and they are from reliable sources like Google Scholar and industry reports. Plagiarism has been avoided and

bias has been discarded.

Chapter Four: Findings and Discussion
4.1 Findings

Theme 1: Green infrastructure approaches have addressed environmental challenges in growing Indian

cities

According to Yadav et al. (2024), one approach is East Kolkata Wetlands/EKW with 12,500ha. This has met the
environmental concerns that have arisen from poor sewage management as the wetlands act as natural sewage
farms to improve the quality of water and contain pollution. This Gl improvement has helped to control and
alleviate floods and assist in the conservation of biota together with sustaining other ecosystem services. The
wetlands also ensure sustainable management of wastes through the recycling of the wetland contents. It has used
a random forest ML (machine learning) model. Thus, governments get accurate data while reducing overfitting
risks and modifying hyperparameters. The ecosystem's health has been improved by assessing VOR (vitality-

organization-resilience) to maintain the structure.
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Figure 4: Ecosystem health analysis in the EKW initiative
(Yadav et al., 2024)
Theme 2: Urban policy frameworks promote sustainable urbanization practices in India

The study by Kashkari and Brar (2023) shows that the urban policy "Master Plan for Vijaypura” has a positive
impact on sustainable urbanisation through the conservation of heritage buildings and the establishment of urban
infrastructures. Schemes have been implemented in the past including Atal Mission for Rejuvenation and Urban
Transformation (AMRUT) which has brought investment into the enhancement of necessary services. These
frameworks were developed with the objectives of protecting cultural history in the form of monuments and
improving infrastructure aligned with sustainable development goals. This ensures a balance between cultural

preservation and urban growth while promoting eco-friendly living.
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Figure 5: Areas available for development for the Master Plan at Vijaypura
(Kashkari and Brar, 2023)
Theme 3: Key environmental challenges for rapid urbanization in India

Chakraborty and Kaur (2019) say water scarcity is the biggest environmental challenge due to rapid urbanization.
Climate changes, overpopulation, overconsumption, poor water management systems, governance complexities
etc. are the main reasons. Fig 6 presents water availability per capita in 1951 was 1.4 mil gallon. By 2011, it
declined to 0.4mil gallon. By 2050, it will decrease by 60%. This is because most urban areas have larger influxes
than rural parts. Rapid urbanization is decreasing drainage, reservoir capacity and water level recharging spaces
causing urban flooding and environmental damage. These have caused severe water pollution through lessening
available clean water sources and overstressing the ecosystem. This has impaired natural filtration. Thus,

environmental degradation is rapidly increasing.
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Figure 6: Per capita water supply and population each year in India
(Chakraborty and Kaur, 2019)
Theme 4: Solutions to mitigate environmental challenges and enhance ecological resilience in Indian cities

Kumar and Singh (2023) demonstrated possible best practices for addressing environmental issues in Indian urban
cities. Sustainable urbanization can effectively reduce the environment's damage by building green parks and eco-
friendly transportation. Efficiency management on the utilization of the land and resource management has dealt
with water scarcity and even improved disaster response. To reduce air pollution, legislative controls such as
zoning and development control that prohibit the establishment of industrial estates close to residential areas are
effective in minimizing people's exposure to pollution. Besides, resource allocation for the integration of green
infrastructure with urban planning has been done more effectively through the planned distribution of green spaces

addressing ecological efficiency and sustainability of environmentally sensitive zones in urban built-up areas.

4.2 Discussion

Theme 1 has highlighted the effectiveness of the EKW in regard to sewage treatment and flood control. But at the
same time, this is underlining that further improvements should be aimed at the use of modern technologies such
as machine learning. However, although the model offers statistical data, the concentration on technological
approaches might ignore social and economic aspects (Singh, 2024). These determine the sustainable development

and successful community involvement in developing and unleashing such green infrastructures.

In theme 2, although, the available urban policy frameworks in the Vijaypura have encouraged sustainable
urbanization, the results depict some problems. Das et al. (2024) argued that poor utilization of heritage

regulations to ensure its sustainability has resulted in its disintegration. This status also makes Central schemes
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such as AMRUT suffer from delays both in infrastructure projects and sustainability targets. Furthermore, there is
seemingly no set of unambiguous scripts on how sustainable urban growth around such sites shall be accomplished

leaving the policy frameworks wanting for sound implementation strategies to usher in sustainable urbanization.

In theme 3, some of the existing concerns include water scarcity, surface water pollution and inadequate/decent
piped water supply. Prusty and Farooq(2020) opined that drought and increased levels of the sea also constrain the
ability of families in India to access safe water and sanitation. The underwater is one of the most significant
sources used in irrigation for domestic water supply. Nonetheless, overutilization of this useful natural resource
and overpopulation made it scarce. There is a growing disparity in demand and availability of water in urban
regions. An area of high concern for urban India's water sector is gaps in wastewater generation and treatment

causing air pollution.

Theme 4 has provided evidence that land-use planning and zoning regulations as policy measures are important
strategies for controlling water scarcity and air pollution. However, they are effective in cases where measures are
consistently followed and when urban governance is preemptive. Sharma and Malaviya (2021) argued that Gl is
not simply a matter of space provision. It must involve significant technology enhancement alongside the active

participation of people in the community to guarantee a sustainable ecosystem and resource provisioning.

Chapter Five: Conclusion

5.1 Overall Key Conclusion

The study is relevant to the objective of studying Gl/green infrastructure innovations and policies to mitigate
environmental problems in emergent urban centres, in India. The author has collected extensive data from previous
scholarly papers and done thematic assessments. Research findings have shown that Gl is useful in tackling most
of the problems associated with urban environments but there is a weakness in policy, funding and stakeholder
coordination. The author has identified sustainable practices as a vital component of thorough urban planning and
also underlined that the approach to policy is best done comprehensively. The study has taken examples like
eastern wetlands in Kolkata, master plan for Vijaypura, AMRUT etc. It is seen that waste management, water
management, collaboration and government policies can enhance urbanization in growing cities in this country.
Additionally, sustainable transportation and expanding green spaces have effectively improved urban life quality
while reducing environmental damage. Further, the study helps to fill the gaps in the literature by carrying out an
extensive discussion of some specific issues related to India. This can be relevant for enhancing the future progress
of sustainable urbanization in the country. Thus, the paper accomplishes its aims, providing suggestions to enhance
green infrastructure and policy to build a more sustainable urban environment. Hence, research questions have

been answered through thematic discussions and objectives have been met.
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5.3 Future Scope

Future research in this area can do an analysis on investigating how modern technologies, such as smart water
systems and artificial intelligence can be employed to improve the efficiency of green infrastructure. Further
studies are needed to be done on identifying factors influencing public-private partnerships for increasing the
sustainability of urbanisation processes and analysing challenges related to climate change that affect water
availability and quality including water footprinting in urban contexts. Future research can also centre on assessing
the socio-economic impact of green infrastructure adoption in addressing the environmental problems in the future

as well.
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