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Abstract

Urban waterfronts have evolved into vibrant centres of recreation, tourism, and economic
activities, becoming focal points for social, cultural, and religious gatherings in modern
cities. The historical development of riverfronts sought to elevate the economic status and
image of neighbouring cities during the industrial era. However, with the growing empha-
sis on riverfront revitalization projects in recent times, it has become imperative to pri-
oritize environmental sustainability and ecological considerations in the planning and
execution of these initiatives. This paper delves into the revitalization plans of the Sabar-
mati and Patna riverfronts in India, undertaking a comparative assessment of their devel-
opment strategies and challenges encountered in ecological preservation. The study seeks
to explore the interplay between the river and environmental concerns and analyse the
positive impacts of ecological improvements on the social and economic dimensions of
these urban waterfronts. Additionally, the research scrutinizes the alignment of these vari-
ous aspects with the United Nations’ Sustainable Development Goals, presenting an inte-
grated approach towards fostering holistic and sustainable urban riverfront development.
The study on riverfront development projects revealed that successful projects prioritize
social inclusivity, economic vitality, and environmental sustainability, contributing to the
long-term success and well-being of both communities and ecosystems. The research dem-
onstrates the potential for holistic and sustainable urban development through riverfront
revitalization, offering valuable insights and case studies for future urban redevelopment
projects.
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1 Introduction

Rivers have been a lifeline for human civilization since ancient times, providing fertile
lands, water, and transportation through valleys (Vriddhi, 2017). In earlier times, horses
and carts were the primary means of transportation along those riverbanks. However, fac-
tories and warehouses emerged along the riverbeds during the industrial revolution, dump-
ing pollutants into the once-pristine waters (Chakrabortty et al., 2022; Slathia & Jamwal,
2022). As roads expanded during this period, the need for boats dwindled, and those fac-
tories moved to central parts of cities. Unfortunately, as Roy Cloutier observed, little was
done to repurpose those old warehouses, and they fell into disuse. In the Indian context, the
evolution of urban riverfronts followed a similar trajectory, with sociocultural and religious
factors included (Vimawala, 2015).

The history of riverfronts in India can be divided into four categories: the early stage,
which focuses on the initial civilizations such as the Indus Valley civilization; the mytho-
logical period from 3000 BC, which led to settlements by various groups, including the
Mughals, Portuguese, Dutch, French, and the British; the preindependence stage from
the thirteenth century to the twentieth century, which saw an increase in industries; and
finally, the postindependence stage from the twentieth century onwards, where a steady
degradation of riverfronts is observed (Garg & Anand, 2022; Vimawala, 2015). Through-
out this development, rivers in India have been held in spiritual esteem and respected as
providers among many Indians, making it a daunting task for planners to balance local
and global perspectives. In addition to being cultural and religious hubs, rivers are integral
to urban life. Riverfront imaginings have been priceless for architecture, settlements, and
public spaces. For example, the Taj Mahal, an architectural marvel on the banks of the
Yamuna River, still stands as an identity for India. Hence, rivers and their respective devel-
opments play a crucial role in encapsulating vital imagery of any city. Human intervention
has adversely impacted riverfront areas, leading to indiscriminate raw waste and sewage
dumping on these water fronts (Chen et al., 2022). As a result, rivers have become a dump-
ing ground for all undesirable activities, posing unprecedented environmental challenges.
However, in the last decade, significant efforts have been made to restore these water-front
areas, bringing them back to life and reviving their beauty (Zhang et al., 2022).

The Indian government has taken on a massive urban redevelopment mission, known as
the National Smart City Mission, to elevate the quality of life for its citizens. This ambi-
tious project aims to enhance the livability of various cities across India and make them
more user-friendly. The riverfront development project is a critical part of this mission,
which aims to connect the linear waterfront with public spaces, protect natural riverfront
development, and restore the city’s identity (Vercruysse et al., 2022). The Planning Tank
has reported that improving these riverfront projects has directly influenced the positive
well-being of the city’s residents, which is an excellent sign of progress.

To achieve a better and more sustainable future, the United Nations has also set up Sus-
tainable Development Goals that aim to create frameworks for sustainable development.
While ecological aspects have been given exclusive importance in these programmes,
users’ social, economic, physical, and psychological aspects have been neglected (Khan
et al., 2022; Singh et al., 2022). However, it is essential to consider all these factors while
devising riverfront development plans, as they significantly impact the quality of life of
the city’s residents (Paonam & Chatterjee, 2022). In today’s fast-paced world, the urban
lifestyle has become the norm, leading to the need for more user-friendly and liveable cit-
ies. Thus, the National Smart Cities mission launched by the Indian government to revamp
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cities across the country, with riverfront development projects playing a pivotal role, would
help enhance citizens’ liveability. However, while ecological factors have been given
importance, the social, economic, physical, and psychological aspects have been side-lined
in developmental programmes. Addressing the missing points in environmental policymak-
ing is crucial for achieving effective and sustainable solutions (Srinivas et al., 2020). While
some policymakers acknowledge the need for policy interventions, comprehensive and
actionable policy recommendations are often lacking, limiting their practical implementa-
tion by policymakers and stakeholders. Additionally, focusing solely on ecological aspects
without delving into the social and economic dimensions related to environmental chal-
lenges hinders the development of holistic and inclusive strategies. Moreover, the absence
of longitudinal studies limits insights into long-term environmental changes, trends, and
the lasting impacts of human activities on ecosystems. Integrating social, economic, and
policy aspects, along with conducting longitudinal studies, can enhance the robustness and
applicability of the environmental policies created, leading to more sustainable and impact-
ful solutions for the challenges we face.

The paper’s objective is to understand the interlinkage between the different aspects of
riverfront development using data from case studies and surveys. This analysis revealed
the need for a more holistic approach to synchronize all aspects of riverfront development.
Therefore, this study aims to examine the impact of ecological development on the social
and economic facets of riverfront revitalization projects in India (Ahirrao & Khan, 2022).
The present study analyses the driving forces behind riverfront redevelopment, particu-
larly the ecological aspect. It identifies the linkage between all three facets of riverfront
development, ecological, social, and economic, to achieve a more holistic design approach,
an aspect that was lagging, especially in studies related to the Indian context. This study
examines this important aspect with reference to Indian riverfront revitisation projects. The
Sustainable Development Goals framework analyses the linkage between each aspect to
support the study. In addition, the study closely examines the various attributes considered
for each aspect. Figure 1 indicates the various aspects considered in the study. The analysis
will provide insights into the impact of ecological development on India’s social and eco-
nomic uplift of riverfront development (Bozdag, 2022). The riverfront development pro-
ject is a much-needed initiative to enhance the livability of Indian cities. A more holistic
approach that considers all aspects of riverfront development is essential to achieve a sus-
tainable and better future for all.

2 Research methodology

This methodology aims to assess the environmental impacts and promote sustainable
development in riverfront development projects. The research acknowledges the impor-
tance of addressing missing points in environmental research, including comprehensive
policy recommendations, social and economic dimensions, and longitudinal studies. Fig-
ure 2 represents the methodology adopted for the study.

Data collection: A mixed methodology approach is employed, combining qualitative
and quantitative methods. For the quantitative aspect, existing datasets from journals, gov-
ernment archives, and surveys with 20 questions are collected. Qualitative analysis will
involve examining existing studies from journals and government archives. Content analy-
sis will categorize and discuss key points, phrases, and words that emerge during the study.
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Fig. 1 Aspects considered for the study

Environmental impacts: The data analysis will establish linkages between identified
environmental impacts and secondary attributes of riverfront development. Longitudi-
nal studies will be used to understand long-term changes and trends in environmental
conditions, enabling a comprehensive evaluation of the lasting effects of human activi-
ties on ecosystems.

Social and economic dimensions: This research delves into the social and eco-
nomic aspects related to environmental challenges in riverfront development. It will
explore the interconnections between ecological, economic, and social impacts, ensur-
ing a holistic understanding of the projects’ implications on the quality of life of city
residents.

Interconnections with sustainable development goals: This study will analyse how
riverfront development projects align with the United Nations’ Sustainable Develop-
ment Goals (SDGs). Identifying connections between the projects and SDGs will con-
tribute to a broader vision of sustainable urban development.

Holistic approach: By integrating social, economic, and policy aspects and conduct-
ing longitudinal studies, this methodology will offer a comprehensive and informed
analysis of riverfront development projects. The research findings will contribute to
more sustainable and impactful solutions, guiding policymakers and stakeholders
towards effective riverfront development that balances ecological preservation and
social well-being for a better and more sustainable future (Majumdar et al., 2023).
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Fig.2 Methodical approach to the study

3 Background of the study

For centuries, civilizations have thrived along the banks of rivers and water bodies, creat-
ing several port cities worldwide. These waterfronts have become public spaces that engage
the community and promote maritime commerce, bringing together the waterline and the
city (Vercruysse et al., 2022). However, planning these water-front spaces requires under-
standing the planning and development process, including the perception and inclusion of
propelling bodies. In the present-day planning scenario, people’s perception and inclusion
of propelling bodies are essential factors missing from the planning process (Ahirrao &
Khan, 2022; Sekhar & Raina, 2021). It is essential to cater to the psychological needs of
the people and consider various social issues in riverfront development programmes. Roy
Cloutier’s study of designing water-front access to public spaces emphasized that physi-
cal and psychological factors are the most critical barriers to redesigning degraded water
fronts (Wu et al., 2021). While designing riverfront development projects, comprehensive
frameworks and guidelines must be considered. These guidelines can help designers cre-
ate water-front properties more holistically and lead to the development of cities’ social,
economic, and physical conditions (Bozdag, 2022). However, it is essential to consider the
sociocultural aspects of rivers in an Indian context. Each river in India has a unique cultural
aspect, and in addition to ecological importance, each river serves as a social and economic
lifeline to the surrounding communities. A survey of 20 questionnaires helped gain insight
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into people’s perceptions of the present-day riverfronts. Most users who lived near the riv-
ers rarely visited these waterfronts. On enquiring about this situation, the users felt that
water quality degradation, safety issues, and lack of social spaces and infrastructure are
significant reasons to avoid riverfronts (Khan et al., 2022). Accessible walkways and prom-
enades with the landscape, demarcated social spaces, pollution of the river, and commer-
cial and recreation spaces are some of the aspects that can create an ideal riverfront. Hence,
most users feel that improving the place’s overall ecology can help improve the overall
sociocultural and economic aspects (Bozdag, 2022). The revitalization of the social and
economic forefront is also essential, along with the ecological sustenance of the river. It is
crucial to understand that the river is not just an ecological but also a cultural resource that
must be protected (Wu et al., 2021). By incorporating the sociocultural aspects of rivers
and considering people’s needs, riverfront development can be more holistic and engaging
for the community (Ahirrao & Khan, 2022).

3.1 Review of the literature

The research papers reviewed as a backtrack exhibited a strong focus on assessing the envi-
ronmental impact of various activities on riverfronts. These studies delve into the effects of
factors such as pollution, urbanization, agriculture, and quarrying on different ecosystems
and natural resources. By thoroughly analysing these impacts, a comprehensive under-
standing of the environmental challenges facing riverfronts and other areas was noted. A
common approach used in these papers is the utilization of water assessment methods.
These served as valuable tools for quantifying the environmental impact and ecological
health of water bodies. This standardized approach enhances the accuracy and objectivity
of environmental assessments (Begum et al., 2022). Moreover, the inclusion of case studies
in many research papers adds practical relevance to their findings. These case studies focus
on specific regions or river basins, providing real-world insights into the challenges faced
and potential solutions(Ravindra et al., 2022). By examining the environmental conditions,
the impacts of human activities, and the responses to conservation efforts in these case
studies, researchers can draw valuable lessons applicable to similar scenarios worldwide.
Overall, the assessment of environmental impact and the inclusion of case studies contrib-
ute to the robustness and applicability of the research papers. These elements enhance the
understanding of the complexities involved in riverfront development and environmental
management. By embracing a data-driven and real-world approach, researchers and poli-
cymakers can work together to develop more effective strategies for sustainable riverfront
development and environmental conservation.

4 United nations sustainable development goals

As per the United Nations, sustainable development goals were formulated to provide a
common ground for sustainable development. The primary SDG selected for the basis of
the study is goal 6.

4.1 Goal 6-clean water and sanitation

Mission: Ensure availability and sustainable management of water and sanitation for all.
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As per the United Nations (United Nations (UN) Water, 2018), Goal 6 under the SDGs
mainly aims to access safe drinking water and sanitation facilities for all concerned. The
primary six targets to achieve this goal include the following: safe and affordable drinking
water, ending open defecation and providing access to sanitation and hygiene, improving
water quality, wastewater treatment and safe reuse, increasing water-use efficiency, ensur-
ing freshwater supplies and protecting and restoring water-related ecosystems. One of
the main aspects the United Nations considers for SDG 6 is the INRM system, a process
that promotes the coordinated development and management of water, land, and related
resources to maximize the resultant economic and social welfare equitably without com-
promising the sustainability of vital ecosystems (Vercruysse et al., 2022). As per UNE-
SCO’s synthesis report on SDG 6 in 2018, there is an overall interlink between the SDG
targets as shown in Fig. 3 related to governance and policy settings.

Involvement in managing water resources while using integrated water resource man-
agement principles with overall benefits for poverty reduction is presented in what can be
considered the "software" of the water resource management system. On the other hand,
the interlinkages between SDG targets related to providing access to and supplying clean
water and proper wastewater disposal and management in an urban and rural environ-
ment with critical importance for human health are considered the "hardware" of the water
resources management system. Targets for improving water quality by reducing pollution
and untreated wastewater, eliminating dumping, and minimizing the release of hazard-
ous chemicals and materials are essential to leveraging points in this system’s interlinkage
model. This shows that utilizing wastewater for energy generation through innovation cre-
ates decent jobs and general economic growth. Hence, in assessing the linkages, synergies
and trade-offs, it is essential to understand the codependency of SDGs. For example, water
quality will drastically improve by increasing water sanitation and hygiene, reducing pol-
lution and increasing human well-being. Many SDGs cannot be achieved without meeting

Fig.3 Interlinkage between En
SDGs ~Op
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the targets offered by this SDG, making it one of the essential SDGs to be achieved. The
secondary SDG selected for the basis of the study is goal 14.

4.2 Goal 14-life below the water

Mission: Conserve and sustainably use the oceans, seas, and marine resources for sustain-
able development.

As per the United Nations, Goal 14 under the SDGs mainly aims to regulate the overex-
ploitation of fish and other marine life and prevent destructive fisheries practices to restore
the fish stock quickly to produce maximum sustainability. Water bodies, especially the
coastlines and riverfronts in India, support the adjacent region’s overall social, economic,
and ecological needs. Hence, achieving these goals to promote the social, economic, and
ecological dimensions is essential. The primary outcome-oriented targets to achieve this
goal include the following: reducing marine pollution; protecting and restoring ecosystems,
sustainable fishing, conserving coastal and marine areas, and ending subsidies contribut-
ing to overfishing; increasing the economic benefits from the sustainable use of marine
resources and increasing scientific knowledge, research and technology for ocean health;
supporting small-scale fishers as per the synthesis report by UNESCO in 2018; and achiev-
ing SDG 14 concerning riverfronts directly linked to achieving SDG 1-Zero Hunger, SDG
2-Health and well-being and SDG 3 Decent work and economic growth.

4.3 Goal 15-life on land

Mission: Protect, restore, and promote sustainable use of terrestrial ecosystems, sustain-
ably manage forests, combat desertification, halt and reverse land degradation and halt
biodiversity loss.

As per the United Nations, SDG 15 mainly articulates targets for preserving the bio-
diversity of forests and all ecosystems on the landmass. Conservation and restoration of
freshwater ecosystems are essential for achieving the SDGs. The primary outcome tar-
gets to be achieved when considering riverfront development are conserving and restoring
terrestrial and freshwater ecosystems and deforestation. It also aims to restore degraded
forests, end desertification and degraded land, prevent invasive alien species on land and
in water ecosystems, and integrate ecosystem and biodiversity in governmental planning.
SDG 15, as per UNESCO, is mainly linked with the socioeconomic SDGs: SDG 6, SDG
12 and SDG 11.

5 Case studies

The various aspects of riverfront development, environmental concerns and sustainability
are studied. The riverfront development proposals of the Sabarmati River in Ahmedabad,
Gujarat, India, and the Ganga River in Patna, Bihar, India, are compared for their devel-
opment strategies and the challenges they have faced in ecological preservation as case
studies.

@ Springer



Assessing the impacts of ecological framework of Indian...

5.1 Sabarmati riverfront development

The Sabarmati Riverfront Development is an ambitious and highly lauded project
located in Ahmedabad, a bustling metropolis in the Indian state of Gujarat. This mag-
nificent project was first proposed in the 1960s but only came to fruition in 2005, with
ongoing construction still occurring today. The Sabarmati Riverfront is a site of great
cultural significance, as it was here that Mahatma Gandhi established the Sabarmati
Ashram during India’s freedom struggle. The river is one of India’s major west-flowing
rivers, originating in the Aravalli Ranges of Udaipur in Rajasthan before flowing for a
distance of 371 km and finally emptying into the Gulf of Khambhat in the Arabian Sea.
The Sabarmati River has a total catchment area of 21,674 km?, of which 4124 km? is
located in Rajasthan and 18,550 km? is in Gujarat. The Sabarmati Riverfront Develop-
ment project is a game changer for the city of Ahmedabad, and it is quickly becoming
one of the most sought-after tourist destinations in India. This exciting project offers a
range of engaging facilities and attractions for visitors, including parks, gardens, and
promenades. The project has also led to the construction of several iconic structures,
such as the Sabarmati Riverfront Flower Park and the Sabarmati Riverfront Foun-
tain Park, which serve as a testament to the city’s commitment to urban development
and sustainability. The Sabarmati Riverfront Development project is an awe-inspiring
achievement that has transformed Ahmedabad into a vibrant and dynamic city and con-
tinues to inspire other urban centres worldwide. However, before the project’s develop-
ment, the Sabarmati Riverfront was neglected and polluted due to the overpopulation of
illegal encroachments and informal economic practices such as the Sunday flea market
known as the ravivari market. This led to a significant decline in the quality of the riv-
erfront, and it became a site that could only be viewed from the bridge. As a result, the
Ahmedabad Municipal Corporation established the Sabarmati Riverfront Development
Corporation Limited (SRFDCL) as a special-purpose vehicle to rejuvenate the Sabar-
mati Riverfront and create a dynamic, meaningful water-front environment. The master-
plan of the proposal is presented in Fig. 4. As per the Ahmedabad Municipal Corpora-
tion and the Gujarat pollution control board, the main objectives of this project were.

Environmental improvement: Reduce erosion and floods to safeguard the city and
sewage diversion to ensure water retention.

Social upliftment: Activities are proposed in parks and gardens as spaces to provide
sociocultural spaces.

Fig.4 Sabarmati Riverfront master plan (Amirtahmasebi et al., 2016)
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Sustainable development: Generation of resources and revitalization of neighbourhoods
to bring a new life to the city. The entire motion for riverfront development was triggered
by the excessive pollution found in the river.

The leading causes of water contamination were as follows:

Disposal of sewage and waste along the riverbed: As per the Gujarat pollution control
board, up to 168 MLD (million litres per day) of untreated sewage is released into the
Sabarmati River per day, leading to an overall increase in the BOD to 30.14 ppm, which
is six times the standard value, and an increase in COD to 1535 mg/l. The overall increase
in BOD and COD has decreased oxygen demand, affecting the aquatic ecosystem (Haldar
et al., 2014).

Illegal encroachment: As per the Ahmedabad Municipal Council census, the Sabarmati
Riverfront has more than 10,000 families illegally living on the banks. The main reasons
are poverty and drastic urban growth within the city; however, these illegal encroachments
significantly impact the adjoining water body. The lack of proper facilities and services
has forced settlers to dispose of their waste, including open defecation over the riverbed.
In addition, the lack of space and proper infrastructure has led to the haphazard setup of
spaces such as Sunday informal flea markets, the Dhobi ghat and event areas. Haphazard
planning of these spaces has led to carelessness and disposal of waste along the riverbed
(Paneria, 2017).

5.2 Strategies used by the SRFDCL

The SRFDCL has mainly used two strategies to combat primary environmental issues.

Improving the water management system: The integration of water retention in the
Sabarmati River by the SRFDCL for almost a year helped improve water system manage-
ment, especially during rains.

Improvement of the sewage disposal system: The overall redevelopment plan by the
Gujarat pollution control board included incorporating three more sewage treatment plants
with a capacity of 20.5 MLD to combat the increasing level of pollution in the river. In
addition, drainage pumping stations, sewage treatment plants, interceptors for effluents and
sewerage were also set up. New drainage lines replaced the old ones to ensure better sys-
tem functionality. This overall contribution to the ecological development of the riverfront
has directly impacted the social uplift of the area (Paneria, 2017).

5.3 Social and economicimpact

The impact of this redevelopment project on the social and economic aspects is discussed
below.

5.3.1 The Gujjari Bazar (Ravivari Market)

The informal Sunday market below the Ellis Bridge bought in many people weekly. A
lack of proper planning left the area poor after Bazar (Fig. 5a). To combat this, design-
ers created a permeable concretized site with formal seating spaces for vendors and
adequate waste disposal techniques to avoid further pollution of the riverbed. Trash and
masonry bins were set up across the promenade to ensure that the waste disposed of
in the flea market was done correctly. The overall improvement in waste disposal has
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a) Before b) After

Fig.5 Gujjari market (Paneria, 2017)

directly improved the quality and experience within the Gujjari market, hence receiving
a more significant influx of users and improving the overall economic activity within the
area (Fig. 5b).

5.3.2 Dhobi Ghat

Sabarmati has a large Dhobi Ghat on the banks; however, due to improper drainage
and disposal, the graywater from the Ghat would directly flow into the river (Fig. 6a).
The redevelopment project has created a formal space with proper seating and washing
areas to ensure the sustenance of these ghats (Paneria, 2017). These improvements have
helped improve the social quality of the ghats (Fig. 6b). Before development, clothes
were washed and dried on the riverbanks, resulting in water quality deterioration.
Redevelopment has contributed to improving the social/economic status of the Dhobi
community.

a) Before b) After

Fig.6 Dhobi Ghat (Paneria, 2017)
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Fig.7 Event area (Paneria, 2017)

a) Before b) After

Fig.8 Forestry (Paneria, 2017)

5.3.3 Eventarea

The dry bed area hosts several events, such as circuses and fairs; however, mismanagement
leads to the direct contribution of pollution to the riverfront (Fig. 7a). Hence, this area
was converted into a space with pathways and pavements to ensure systematic use, which
directly prevents the exploitation of the river. The improvement in this area’s environmen-
tal quality has directly promoted several social activities and has led to the social inclu-
sion of several communities and activities. As per the Ahmedabad Municipal Council, one
of the significant social events is the kite festival, which serves as a basis for community
enhancement and promotes economic activity among hawkers and vendors (Fig. 7b).

5.3.4 Urban forestry

A unique afforestation project of 1 lakh square metres was also promoted between the
Vasna and Ambedkar bridges (Fig. 8a), mainly with indigenous species to Gujarat,
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promoting the area’s flora and fauna. Over 10,000 trees were planted along the promenade
to ensure afforestation within the Sabarmati area (Paneria, 2017). The entire planning pro-
cess in this area has created several public open spaces and amenities. It has also enhanced
the area covered by urban forestry (Fig. 8b).

5.3.5 Promenade

Before the riverfront’s development, the banks were occupied with dwellings, leading to
slum creation in several areas along the riverfront, as depicted in Fig. 9a. These encroach-
ments impacted the riverfront and, subsequently, the river’s ecological condition due to
the lack of proper sanitation and waste disposal facilities. It created a negative connotation
along the riverfront. After redevelopment, the promenade played a key role in offering a
recreational and leisure space for residents and visitors, as shown in Fig. 9b. It features
well-paved walkways, landscaped gardens, and seating areas, providing an inviting envi-
ronment for people to stroll, exercise, and enjoy the picturesque views of the river and the
cityscape. The promenade’s development has not only enhanced the aesthetic appeal of the
riverfront but also transformed it into a vibrant social and cultural hub, fostering commu-
nity engagement and promoting sustainable urban living.

5.3.6 Sewage treatment plants

Due to the increase in industrial and domestic waste products, the existing sewage treat-
ment plants could not keep up with the ever-increasing influx of waste treatment. Pollution
was one of the main reasons for the quality degradation on the riverfront (Fig. 10a). The
increase in pollutants in the river directly leads to an increase in oxygen-dependent micro-
organisms that harm the river’s aquatic life. Hence, to combat this issue, additional STPs
were proposed along the banks of the river. This method helped significantly reduce the
domestic and industrial untreated wastewater expelled into the river, reducing the river’s
BOD and COD. The introduction of the treatment plants by the Gujarat Pollution Control
Board significantly improved water quality, as shown in Fig. 10b. This has leveraged the
community’s social benefits and upgraded users’ health and sanitation.

a)

Fig.9 Promenade (Paneria, 2017)
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a) Before

Fig. 10 Sewage disposal (Paneria, 2017)

5.3.7 Public gardens and parks

Approximately 27% of the land was developed into parks and gardens. This was mainly
reclaimed land from the 12,000 illegal encroachments on-site, as shown in Fig. 11a. Gar-
dens adjacent to the event area and the walk spaces were created to ensure the increased
quality of space in front of the river. These gardens and parks also include indigenous flow-
ering and plant species to promote the flora and fauna of the area, as shown in Fig. 11b.
The residents were relocated to the city’s centre instead of the city’s outskirts. Hence, this
has helped residents achieve a better quality of life and commute to work, making the city
much more accessible.

5.4 Patna riverfront development

The Patna Riverfront Development Project is an ambitious initiative to revive the historic
stretch of the Ganga River flowing through the old city of Patna in India. The Ganga River

Fig. 11 Public gardens (Paneria, 2017)
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is considered one of India’s holiest rivers, and it passes through several imperial capitals,
including Patna, formerly known as Patliputra. The riverfront project seeks to enrich this
iconic river’s cultural and ecological heritage by developing a vibrant and sustainable riv-
erfront that will enhance the quality of life for the city’s residents. The project involves a
comprehensive approach to riverfront development, encompassing riverbank stabilization,
ecological restoration, and creating public spaces, cultural attractions, and tourism infra-
structure. The project aims to leverage Ganga’s cultural and historical significance to create
a world-class riverfront to catalyze economic growth and social development. The proposal
for the Patna Riverfront development is shown in Fig. 12. One of the primary goals of the
Patna Riverfront Development Project is to address the severe pollution that has plagued
the Ganga River for decades. According to the Environmental Impact Assessment (EIA)
report for Patna, the river is home to a diverse range of aquatic species, including approxi-
mately 140 species of fish, 90 species of amphibians, and several reptiles and mammals.
However, uncontrolled development, urban growth, and garbage disposal have threatened
Ganga’s ecological balance, leading to concerns among environmentalists and policymak-
ers (Srinivas et al., 2020). To combat this, the Patna Development Authority has identi-
fied several priority areas for intervention, including the construction of sewage treatment
plants, the development of green spaces, and the creation of recreational facilities. The pro-
ject also includes the development of riverfront promenades, cycle tracks, and pedestrian
paths to encourage sustainable modes of transport and promote physical activity. Overall,
the Patna Riverfront Development Project is a visionary initiative that seeks to unlock the
full potential of the Ganga River and create a sustainable, inclusive, and vibrant riverfront
that will benefit future generations.

Fig. 12 Patna riverfront development plan (Voyants Solutions PVT. Itd., 2014)
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5.5 Preconstruction considerations

Several preconstruction aspects were considered towards the implementation of the project,
which is discussed. Figure 13 is a pictorial representation of a few of the considerations.

5.5.1 Quarries and crushers

As per the EIA, 10,000-15,000 m® of aggregate and stone was required for construction.
Hence, to cater to this, the quarry materials were sourced from local quarries to ensure the
sustenance of the local economy and prevent excessive use of resources. Using local quar-
ries and stones promoted the employment of several slum dwellers, increasing the econ-
omy and employment among the residents.

5.5.2 Generation of dust

Although the project did not involve any considerable construction activity, much dust
was generated due to breaking existing ghats. To mitigate this issue, the construction team
arranged to properly dispose of the construction waste. In addition, demolition was con-
ducted in phases, and sufficient water was sprayed to ensure that the dust settled.

5.5.3 Noise and vibration

Instruments such as Jackhammers were used due to the Piles for Ghats and Promenades
requirement. However, noise significantly impacted the navigation of the Gangetic dol-
phins, impairing their echolocation, their primary navigation system. To avoid this, hydrau-
lic and Vibrio piling was used only from 7 p.m. to 6 a.m.

5.5.4 Sanitation and waste generation

Camps were constructed for workers with proper utilities such as drinking water, solid
waste management and sanitation; if proper care is not taken, these will make their way to
the river. Camps were set up with proper sanitation, biodegradable and nonbiodegradable
waste disposal systems, toilets with a proper septic tank and a leech pit. All the camps were
located at least 200 m from the riverbank.

Fig. 13 Preconstruction considerations in Patna Riverfront development (Voyants Solutions PVT. ltd.,
2014)
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5.5.5 Impact on utilities

As per the pollution control board, two sewers of untreated wastewater emptied them-
selves into the Ganga River; these sewers had a capacity of 6.64 MLD. The two sewers
were diverted to the trunk sewer, which was connected to the Saidpur STP (capacity of 45
MLD); hence, the untreated waste was also resolved.

5.5.6 Loss of vegetation and tree cutting

No trees were cut in the development clearance of bushes, and vegetation was undertaken.

5.5.7 Impacts on dolphins

Gangetic dolphins are endangered in these waters and rely on echolocation for navigation.
These mammals feed on small fishes such as gullets, mudfish, larvae, and snails near riv-
erbeds. Due to this, the increased sewage and waste disposal are mistaken by dolphins and
consumed. Furthermore, many motorized vehicle strikes have been fatal to these fishes.
Iron meshes have been used to try and divert dolphins away. The harm to dolphins has been
kept to a minimum by mainly having covered propellers to protect dolphins.

5.5.8 Clearing existing solid waste humps

Several solid waste humps are seen across the riverbed that the locals have disposed of
due to a lack of primary facilities. Hence, to mitigate this, the municipality collected and
disposed of the solid waste; different masonry bins were also created to encourage locals to
dispose of the waste efficiently.

5.6 Environmental impact and mitigation measures used during the operation
stage

Since the operational phase of a riverfront development project significantly impacts the
environment, mitigation measures were considered.

5.6.1 Physiography and drainage

Even though there is no considerable change in the drainage pattern observed, there is
an increase in the river’s velocity when it comes close to Ghat, causing a drag leading to
extensive soil erosion. Hence, to mitigate this, gabion structures and riparian vegetation are
present to reduce in situ erosion.

5.6.2 River water quality

The overall development of Ghat has led to an increase in the population. Based on pollu-
tion control board data, 400-500 users are expected daily at a ghat, making 8000-10,000
users in 20 ghats considered daily. Since 60% of the users use the washrooms, the total esti-
mated waste would be 0.6 10,000x5=30,000 KLD. Hence, to prevent the degradation
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of water due to open defecation, 24 toilets with a septic tank and soak pits are proposed.
Mobile toilets are also set up during events with connections to the trunk sewer to prevent
water body contamination. Meshes are installed along the banks, which block pious refuse.

5.6.3 Solid waste generation

Considering 400 visitors per day and a capita head waste generation of 200 gm/capita,
the estimated total waste generated for 20 ghats per day is 400 x 20 x200/1000= 1600 kg.
Before the project, these were dumped as existing solid waste humps. Four masonry dust-
bins of 20 kg capacity were set up in each Ghat, and 254 dustbins of 1 kg capacity were set
up along a 5000 m long promenade.

5.7 Social and economic impacts

The impacts of the social and economic aspects of the project are discussed below.

5.7.1 Development of ghat fronts

The revitalization of the Ghats, especially in cleaning waste, has led to several new public
spaces. Landscape and Riparian vegetation have been included along the edges, increasing
the overall quality of the space. In addition, the construction of two social and cultural cen-
tres along the ghats, mainly as spaces for tourists for activities and rituals, with large open
spaces to facilitate rituals, is included. This directly contributes to the overall community
enhancement of the area and riverfront.

5.7.2 Riverfront environment

All dwellers dispose of the waste on riverbeds or rivers due to a lack of sanitation and
waste disposal facilities. By relocating these dwellers, pollution has been reduced signifi-
cantly and contributed to the users’ better lifestyle and well-being, giving them better pub-
lic amenities and facilities. As per the socioeconomic assessment report in 2013, several
of the unemployed members of these encroachments have also been given jobs during the
construction and operation phases (as kiosks owners/guards/lifeguards), thus increasing
the overall employment percentage within the area. The previous area used by these ille-
gal encroachments is now converted into large open spaces mainly to facilitate rituals and
other cultural programmes, thus enhancing the community of the ghats.

5.7.3 Critical social issues addressed

Creating a promenade with waste bins at regular intervals has helped prevent solid waste
disposal on riverbanks. In addition, incorporating sanitary facilities such as toilets, wash-
rooms, and changing rooms has also increased the quality and safety of the ghat area, espe-
cially for women. The ruined monuments and buildings acted as harbingers for unwanted
waste disposal; these structures have been redeveloped into cultural and social spaces to be
used by tourists and pilgrims.
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5.7.4 Exploiting natural resources on riverbeds

The overexploitation of sand and silt on the riverfront leads designers to add barriers such
as meshes to prevent these activities and additional security forces within the riverfront,
making the space safer for users.

5.8 Key aspects addressed in various social groups

As per the socioeconomic impact assessment, the issues of several social groups have also
been addressed. These groups include.

5.8.1 Hawkers, street vendors and vegetable sellers

The improved sanitation facilities for street hawkers and vendors bring in a more signifi-
cant influx of buyers, thus contributing to the overall economy. The proposed masonry bins
also cater to waste disposal, thus successfully maintaining the space’s cleanliness. Through
this, hawkers are included in the RFD programme, contributing to the overall social inclu-
sivity of the project.

5.8.2 Slum dwellers

Sanitation, an essential aspect of riverfront ecological development, has proven crucial for
these dwellers’ overall social improvement. The lack of barriers, such as embankments,
often leads to waterlogging and significantly polluted water, creating a breeding ground for
diseases. Hence, the inclusion of promenades and embankments has helped reduce these
issues. In addition, the new riverfront employs several of these dwellers as kiosk owners,
security guards and lifeguards, thus providing a stable income.

5.8.3 Female groups

The inclusion of toilets, washrooms and changing areas due to open defecation and con-
tamination has resulted in a much safer social space for women on riverfronts. In addition,
the newly developed riverfront also includes employment opportunities for women, mak-
ing them more socially independent and generating employment.

5.8.4 Fisherman communities and other vulnerable communities
Qualitative improvement of river water has led to an enhancement of aquatic life, thus con-
tributing to an increase in fish stock, which has contributed to a higher catch in subsequent

years, thus giving an economic boost to fisheries. Fishers are also closely included in the
maintenance and development process to prevent overfishing.

5.8.5 Ghatusers

Revitalizing the Ghats has led to a proper demarcation of spaces for various social activ-
ities, thus preventing conflict zones within the Ghats. The inclusion of the promenade

@ Springer



S.Simons et al.

has made the ghats broader and more attractive. The overall involvement of students and
various residents in the planning process has also created social cohesion and awareness

among users.

For the benefit of various stakeholders, as discussed, various proposals are under
consideration, including the construction of ghats (Fig. 14), the construction of a com-
munity centre (Fig. 15), an eco-centre (Fig. 16) and the development of a promenade, as

shown in (Fig. 17).

Fig. 14 Newly constructed Ghats
(Source - https://nilaa-urban.org/
Patna-Riverfront-Revitalization-

2014-20)

Fig. 15 Community centre
(Source - https://nilaa-urban.org/
Patna-Riverfront-Revitalization-
2014-20)

Fig. 16 Eco centre (Source

- https://nilaa-urban.org/Patna-
Riverfront-Revitalization-2014-
20)
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Fig. 17 Promenade (Voyants
Solutions PVT. Itd., 2014)

6 Summary of the case studies

The inferences of the case study are summarized below under various social and eco-
nomic aspects.

6.1 Social attributes

Improving water body ecology has led to higher social integrity among users and resi-
dents in adjacent areas, contributing to SDG 6 goals such as eradicating poverty and
providing better healthcare facilities, social inclusion, and connectivity. Table 1 illus-
trates the social attributes addressed in case studies about water body ecology improve-
ment (Paonam & Chatterjee, 2022).

The riverfront development projects in Ahmedabad and Patna have transformed the
imageability of the cities and improved the social factors in the areas. In Ahmedabad,
revamping the Ravivari market has reduced waste disposal into the river and attracted
more visitors, resulting in an increase in the quality of the community and the local
economy (Slathia & Jamwal, 2022). Illegal encroachments in both cities were relocated
and provided with proper facilities, including employment opportunities during the con-
struction and operation phases of the projects. In Patna, the development of community-
based eco-centres and cultural centres aimed to target youth and address the environ-
mental issues faced by marginalized groups, such as hawker vendors, slum dwellers,
women’s groups, fishermen communities, and ghat users (Chen et al., 2022). Both cit-
ies have incorporated the perceptions and needs of local communities, including fishers
and hawkers, and provided amenities such as waste disposal facilities, washrooms, and
changing areas (Ahirrao & Khan, 2022; Paonam & Chatterjee, 2022). In Ahmedabad,
the promenades were designed to prevent littering of the riverfront and open defecation.
Additionally, in Patna, the ghat front was retained with riparian vegetation to prevent
soil erosion and runoff (Khan et al., 2022). Riverfront development projects have also
focused on improving social factors, such as providing employment opportunities for
locals and enhancing the capability of the space by creating accessways and provid-
ing better security(Vercruysse et al., 2022). Using local stone in Ahmedabad provided
employment opportunities for several slum dwellers, while in Patna, heritage structures
were converted into centres for learning and infotainment (Singh et al., 2022). In con-
clusion, both Ahmedabad and Patna have succeeded in their riverfront development pro-
jects, not only by improving the environmental factors but also by addressing social
factors and improving the quality of life for local communities.

@ Springer



S.Simons et al.

UQAIS

0S[B 2I9M SIJUMO NSO pue spren3ayI| ‘sprend jo sqol ayy ‘uonippe uj e
SIS[[OMP WIN[S [BIdAS 0) JuwAo[dwa aAeS os[e siy [, ‘way) 1oddns

03 sor1renb Teoo[ woiy JySnoq Afurews sem sjeys oy} I10J pasn aUo0S oY, @

JuaWUIR)OJUT PUL JUTUIR]
IO SOIUSD 0JUT PAJIAUOD dTE SAINONIS 95eIlIay [[V ‘JJOuni pue uors
-013 [10s JuaAaxd 0) uoneyaSoa uerredLr YiIm paureIal st Juolj jeys Ay, e
SQNI[IOB] WNLIOIBWAIO JLI)OJQ pue ‘sopeuawiord
Suo[ ‘swoo1 Surueyo suiq ATUOSLW ‘SIII0] ‘JUAWILI] IQJBMIISBAN ©

SI9SN JeYD) PUE SoNTUNI
-WO0d UAULIAYST ‘sdNOI3 USWOA ‘SIA[[OMP WIN[S ‘SIOPUA ‘SIMBH
11 sdnoi3 [e100s AQ paoe] SANSST [EIUSWUOIIAUD JO uonerodioouy e

UOTIRISPISUOD
0JUT USR] I8 SANIUNIWIOD JAYI0 PUB SIMEY ‘SIAYSY Jo suondediod e
INOA 9y} pR)asIe) ATUrew SaNUId 009 PUL SANUID [BINM[N)) @
IoNI] 99npal
0) pasodoid os[e a1om seare SUISUBYD PUB ‘SWOOIYSEM ‘SUIq YSeI) Y]
santuawy 103fo1d ay) jo saseyd uonerado pue uononnNsuod Yy Jurnp
JuowAo[dwa UAIS 1om PUE PAIRIO[I 9JOM SIUSTUYIBOIOUD [ESIT @

peqepawyy jo A1
-[IqeaSewl 9y} paSueyd Sey JUOILISALI AINIUD J} JO UONBZI[BIIAI Y], @
K310 93 payoeduwir sey A1sa10j ueqin pue syied [eInjeu JO UOIBIO Y], @ Supring Ayoede)
uone}eSoA dATIEU
)M PIJBAIO OS[E AIIM SUSPIES [BIIUR)OY "(SINIAIIOR [BINI[ND IOJ)
ea1e uado pue eoIe JUoAd JY} JO SUTUBIO oY) 0} SUIPEI[ ‘Pojear) dIom
SaUI[ Jomas ‘uonejsaloye Sunowold Aq pajeSnIw sem UONEISAIOJI(] ® saoeds uado oriqng
uoneds9Jop uado pue JUOIJISALI AU} JO SULINI]
juana1d 03 $19[103 pue [esodsIp 9)sem dABY PajeaId sopeudwold oyf, e sonIuawe orqng
111535 191399 Suipraoid pue sAemssa0oe
Suneard Aq 9oeds ay) jo Ayjiqedes ay) pesueyua sey )y ‘Suruuerd
19doxdwir 03 anp JUOIFIAALL AY) JO duI[dap Y Judraid 03 Ayrunyzoddo
ue pajeald sey ‘sjoyrew Lellno pue ‘sjeys 1qoyq ‘SIuaWyorOIOUD
Te3arq1 oy se yons ‘sdnoi3 pazijeurdrew jo sadeds ur juswasoidwy e uoIsn[oul [B190S

BOIR ) UMM AJUNWWOD B JUNBID SNY) ‘SITRJ [RIOAAS PUB S[BATISIJ
Y ‘SIONIBW LAY ‘SINIATIOR PISEQ-TIALI P)BAID 1)Jem IJ-uonnijod e

yoeo wbs /7 jo syiun Surjomp

ur soniqioe} 1odoxd yiim pajeso[ar AIOM—SIUSWYIBOIIUD [ESI[T JO SID
-[[9MP—I2ALI 9} JO UONBPEISIP A} 01 SUNNQLIUOD UOSBAI JYIOUY ©

Awouod9 oy Suraoxdwr pue LAyrunwwod Ay} Jo A1

-renb o) Sursearour sny) ‘SI9SN Jo XNPUI JUBDYIUSIS QIOW © Ul pA)NSI

JIOATI 9U) 0JUT [eSOdSIP 9)Sem 90NPAI 0} JONIEW LIBATART Suruue[doI oy, e  JUSWRIUEYUD AJTUNUIIO))

JuawdO[oASD JUOIJIOATI BUIRJ

Juowdo[oAdP JUOIJISALI NRULIBQES soINqLINE [BI00S

SOIPN)S ASBD A JO SANQLIIE [e100S Jo uostredwo) | ajqer

pringer

Qs



Assessing the impacts of ecological framework of Indian...

6.2 Economic attributes

River improvements have led to employment opportunities, better infrastructure, respon-
sible consumption, and resilient communities. Economic growth and employment have
increased steadily in the respective areas. Table 2 shows the economic attributes addressed
in the case studies.

The Sabarmati and Patna Riverfront Development projects have demonstrated urban
redevelopment’s transformative power, leading to significant economic growth in their
respective areas (Vandana et al., 2022). By implementing measures to ensure inclusivity,
such as providing dedicated spaces for vendors and hawkers and employing slum dwell-
ers in maintenance and centres, both projects have created more job opportunities, con-
tributing to economic growth. (Chakrabortty et al., 2022). The Sabarmati project has cre-
ated a multilevel promenade that links the riverfront to the NH and revitalizes the riverbed
through cleaning and subsidies, expanding activities such as the Ravivari market. Addi-
tionally, reducing pollution and odour has attracted more tourists, increasing tourist-based
activities such as water-front activities and kite festivals. The auctioning of reclaimed land
along the riverfront has also contributed to economic growth. Similarly, the Patna project
has created hawker zones and vegetable markets and reduced pollution, increasing fish
stock and the employment of slum dwellers. Creating cultural centres, community centres,
and dolphin research centres has promoted tourism and generated more opportunities for
economic growth (Singh et al., 2022). Both projects have also implemented measures to
prevent conflict zones and improve the overall quality of life for those who live and work
in the areas. In Sabarmati, different zones were created for different activities, while in
Patna, branding for the ghats was done through eco-centres and Gangetic dolphins. The
construction process, from local quarries to slums being transformed into city centres, has
also contributed to economic growth (Garg & Anand, 2022). In conclusion, the Sabarmati
and Patna Riverfront Development projects serve as models for urban redevelopment to
transform an area into a thriving hub of commerce and culture. By focusing on inclusivity,
reducing pollution, and promoting tourism, both projects have generated job opportunities,
attracted more visitors, and contributed to economic growth, improving the lives of those
who live and work in the areas.

7 Outcome from the data collection

The Sabarmati and Patna Riverfront Development projects reflect fundamental principles
of sustainable urban development. These principles include social inclusivity, economic
vitality, and environmental sustainability (Slathia & Jamwal, 2022). Inclusivity is a funda-
mental aspect of sustainable urban development, and both projects have made significant
efforts to ensure that all community members are included in the redevelopment process.
By providing dedicated spaces for vendors and hawkers, employing slum dwellers, and cre-
ating cultural and community centres, both projects have ensured that all share the benefits
of urban redevelopment (Garg & Anand, 2022). Economic vitality is also a crucial element
of sustainable urban development, and both projects have contributed significantly to the
economic growth of their respective areas. Both projects have stimulated local economies
and employed by creating new job opportunities through water-front recreational activi-
ties, hawker and kiosk ownership, and maintenance positions (Ahirrao & Khan, 2022).
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Environmental sustainability is an essential aspect of sustainable urban development, and
both projects have implemented measures to ensure that the redevelopment process does
not harm the environment. By reducing pollution, promoting fish stock, and creating eco-
centres, both projects have contributed to the long-term sustainability of the areas. Regard-
ing theoretical contributions, the Sabarmati and Patna Riverfront Development projects
reflect the principles of sustainable urban development as outlined in various theoretical
frameworks. For example, the United Nations Sustainable Development Goals (SDGs) pro-
vide a comprehensive framework for sustainable urban development, and the Sabarmati
and Patna projects align with several of these goals, including Goal 8: Decent Work and
Economic Growth, Goal 11: Sustainable Cities and Communities, and Goal 14: Life Below
Water. Similarly, the triple bottom line concept, which includes social, economic, and envi-
ronmental considerations, provides a sound theoretical lens through which to view these
projects. The Sabarmati and Patna projects prioritize social inclusivity, economic vitality,
and environmental sustainability, reflecting a commitment to the triple bottom line. The
Sabarmati and Patna Riverfront Development projects are examples of sustainable urban
development. By prioritizing social inclusivity, economic vitality, and environmental sus-
tainability, both projects have contributed to the long-term sustainability of their respective
areas and provide valuable case studies for future urban redevelopment projects.

7.1 Implications for theory and practice

The Sabarmati and Patna Riverfront Development projects offer several implications for
both theory and practice in architecture and urban planning.

First, the projects highlight the importance of a holistic approach to urban redevelop-
ment. Both projects demonstrate the importance of considering various factors when
designing and implementing urban redevelopment projects by prioritizing social inclu-
sivity, economic vitality, and environmental sustainability. Second, the projects illustrate
the value of community engagement in the design process. Both projects involve exten-
sive community consultation and engagement, which has helped to ensure that the needs
and aspirations of the local community are incorporated into the final designs (Vercruysse
et al., 2022). Third, the projects emphasize the importance of incorporating green spaces
and natural elements into urban design. Including parks, gardens, and other natural features
in both projects helps create more livable and enjoyable urban environments and contrib-
utes to the overall sustainability of the areas (Khan et al., 2022). Finally, the projects dem-
onstrate the value of creating multifunctional urban spaces that can be used for various
purposes. Both projects have stimulated economic growth by designing spaces accommo-
dating recreational and commercial activities while providing valuable amenities for resi-
dents. In terms of practice, the Sabarmati and Patna Riverfront Development projects offer
valuable lessons for urban designers and architects working on similar projects. The pro-
jects highlight the importance of community engagement, sustainable design practices, and
multifunctional urban spaces and provide practical examples of how these concepts can be
implemented in practice (Bozdag, 2022). Regarding theory, the projects contribute to the
ongoing discourse around sustainable urban development and provide valuable case stud-
ies for researchers and scholars interested in this field. The projects illustrate the complex
interplay between social, economic, and environmental factors in urban development and
offer insights into how these factors can be balanced and integrated into urban design and
planning (Sekhar & Raina, 2021).
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7.2 Key lessons from the study

The 2030 agenda for Sustainable development reflects three fundamental axes as shown
in (Fig. 18).

The key lessons of the study related to the three fundamental axes of Economic,
Social and Environmental aspects are as follows.

1. Economic development: Riverfront development projects can serve as an engine
for economic development by creating jobs, increasing tourism, and attracting new
businesses to the area. This can be achieved by creating a mix of public and private
spaces, including commercial and residential areas and cultural and recreational ameni-
ties (Chatterjee et al., 2022). Additionally, riverfront development projects can stimulate
economic growth by investing in infrastructure and transportation networks that connect
the riverfront area to other parts of the city or region (Ahirrao & Khan, 2022).

2. Social inclusivity: Riverfront development projects should prioritize the needs of
all community members, especially those traditionally marginalized. This can include
building public spaces and recreational areas accessible to people of all ages and abili-
ties, including those with disabilities (Jahani & Barghjelveh, 2021). Additionally, com-
munity engagement and participation should be prioritized throughout the planning and
implementation phases to ensure that the project meets the community’s needs (Lima da
Costa Preuss et al., 2021; Vercruysse et al., 2022).

3. Environmental sustainability: Riverfront development projects must prioritize
environmental sustainability to avoid damaging the ecosystem and compromising the
area’s natural resources. This can be achieved using sustainable materials, green tech-
nologies, and innovative designs that minimize the project’s environmental impact
(Khan et al., 2022). Additionally, riverfront development projects should prioritize con-
serving and restoring natural habitats and ecosystems, including preserving flora and
fauna in the area(Chinnasamy & Parikh, 2021).
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Fig. 18 The three SDG axes (Barta et al., 2023)
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To summarize, riverfront development projects in India should be planned and imple-
mented with a holistic approach that balances social inclusivity, environmental sustainabil-
ity, and economic development to ensure the community’s and ecosystem’s long-term suc-
cess and well-being.

7.3 Applications of the study

The study on riverfront development projects holds valuable real-world applications:

1. Urban planning and development: The research offers insights for urban planners,
guiding decisions in revitalizing riverfront cities with a balanced approach and consider-
ing ecological sustainability, social well-being, and economic prosperity (Lima da Costa
Preuss et al., 2021).

2. Environmental conservation: Understanding environmental impacts aids conserva-
tion efforts, enabling strategies to mitigate negative effects and protect natural riverfront
ecosystems (Chinnasamy & Parikh, 2021).

3. Sustainable development initiatives: The study’s focus on Sustainable Development
Goals aligns riverfront projects with global sustainability objectives, fostering effective
implementation and promoting sustainable urban development(Singhal et al., 2022).

4. Stakeholder engagement: Emphasizing social and economic dimensions fosters
meaningful stakeholder engagement, involving local communities, businesses, and authori-
ties for inclusive decision-making(Li et al., 2022).

5. Policy formulation: Policymakers benefit from comprehensive analysis, leading to
informed policies that harmonize ecological conservation and socioeconomic development
(Majumdar et al., 2023).

6. Water-front revitalization: Comparative insights provide practical guidance for trans-
forming riverfronts into vibrant and sustainable urban spaces.

7. Community well-being: Understanding interconnections between ecological, social,
and economic impacts enhances residents’ quality of life and promotes livability in cities
(Jahani & Barghjelveh, 2021).

The study’s applications extend beyond academia, shaping decision-making, planning,
and actions by stakeholders. It advocates sustainable and balanced riverfront development,
which is critical for resilient and thriving urban spaces amid urbanization, climate change,
and resource challenges. Policymakers can craft environmentally conscious policies pri-
oritizing community well-being. Developers and planners can integrate innovative design
principles for seamless riverfront integration. Stakeholder engagement empowers local
communities for project success. Longitudinal studies offer comprehensive insights into
riverfront dynamics and ecosystem impacts. Overall, the study guides riverfront transfor-
mation, making riverfronts more sustainable, socioeconomic, people-centric, and harmoni-
ous with nature (Wang et al., 2022).

7.4 Limitations to the study

First, the study is limited to the Sabarmati and Patna Riverfront Development projects.
Therefore, the findings may not be generalizable to other riverfront development projects
in India or other parts of the world. Second, the study relies on secondary data sources
such as reports, articles, and other published materials. Therefore, the study is limited by
the quality and availability of these sources, which may not provide a comprehensive or
accurate picture of the projects. Third, the study does not incorporate the perspectives of
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all stakeholders involved in the Sabarmati and Patna Riverfront Development projects. For
example, the study does not include the perspectives of those who may have been nega-
tively impacted by the projects, such as those who were displaced or whose livelihoods
were affected. Fourth, the study does not evaluate the long-term sustainability of the Sabar-
mati and Patna Riverfront Development projects. It is unclear whether the projects will
continue to be sustainable and provide the same benefits in the future.

8 Conclusion

Riverfronts have long been revered as cultural and economic nuclei in civilizations world-
wide. Today, these waterfronts take on new significance, promising manifold economic,
social, and ecological benefits to cities. However, urban growth and poverty encroach upon
these vital spaces, leading to pollution and degradation. To realize their true potential,
riverfronts require a comprehensive approach to planning and development, intertwining
environmental, social, and economic aspects. Beyond their scenic allure, riverfront projects
transform cities into dynamic public spaces, fostering community engagement and mari-
time commerce. However, illegal encroachments pose formidable challenges, imperilling
these precious landscapes. The consequences are amplified pollution, environmental decay,
and the erosion of their intrinsic value. To unlock their full potential, designers and plan-
ners must surpass conventional blueprints. An all-encompassing approach that integrates
ecological, social, and economic dimensions while considering the community’s pulse is
pivotal. Pristine riverfronts attract diverse users and host an array of activities, transcend-
ing conventional boundaries. Rivers are not just physical entities; they embody cultural
identities. Indian rivers, for instance, sustain communities economically and socially. A
holistic approach incorporating sociocultural aspects becomes imperative. Surveys reveal
scant users near riverfronts due to water quality, safety concerns, and inadequate infra-
structure. Creating accessible walkways, social spaces, and vibrant areas can invigorate the
sociocultural and economic fabric of cities. Revitalizing riverfronts transcends aesthetics; it
demands meticulous planning, sustainable upkeep, and coexistence with communities. Pri-
oritizing eco-friendly construction and user well-being defines the quest for enduring and
people-centric water-front spaces. Aligning riverfront projects with the United Nations’
Sustainable Development Goals fosters sustainability and intertwines environmental stew-
ardship with social amelioration. By harmoniously integrating ecological, social, and eco-
nomic considerations, riverfront development projects can yield thriving and sustainable
urban spaces. Astute planning, stakeholder engagement, and an unwavering commitment
to environmental sustainability can transform riverfronts into catalysts of positive change,
illuminating the urban landscape with enhanced quality of life. Hence, the future of river-
front development lies in implementing a comprehensive approach to emphasize sustain-
able practices, community engagement, and alignment with global sustainability goals. By
integrating ecological, social, and economic considerations, riverfront projects can pave
the way for thriving and people-centric urban spaces with a heightened focus on environ-
mental preservation.
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