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EXECUTIVE SUMMARY 
 

This executive summary outlines a strategic vision for transforming Varanasi’s urban fabric through a water-
based Transit-Oriented Development (TOD) model that leverages the River Ganges as a sustainable 
transport corridor. As one of India’s oldest and most culturally significant cities, Varanasi faces pressing 
urban challenges, including traffic congestion, environmental degradation, unplanned growth, and 
seasonal flooding. The proposed development framework integrates modern mobility solutions with 
heritage preservation and ecological restoration to ensure long-term urban resilience. 
 
The central premise is the development of a 180-meter-wide navigable canal ring around the city, 
interlinking the Ganges with its tributaries—the Varuna and Assi rivers. This circular waterway forms the 
spine of a new TOD strategy, complemented by the creation of ten satellite urban nodes. These nodes, 
designed around principles of high-density, mixed-use development, will serve as hubs for housing, 
commerce, culture, and public infrastructure, reducing the pressure on the city’s core. 
 
Drawing from successful international models such as Seoul’s Cheonggyecheon Stream and Amsterdam’s 
integrated water transit networks, the proposal emphasizes environmental restoration, multimodal transit 
integration, public space creation, and equitable growth. The canal will not only improve urban mobility 
through water-based transport but also function as a flood mitigation buffer, green corridor, and economic 
stimulant via tourism and local enterprise. 
 
The initiative aligns with key national programs including AMRUT 2.0, the Smart Cities Mission, and 
Namami Gange, and proposes a blended financial model involving public investment, PPPs, and 
international climate funds. 
 
This vision represents a paradigm shift—merging Varanasi’s spiritual legacy with forward-looking 
infrastructure. It aspires to create a model city where resilience, ecology, mobility, and heritage coalesce 
to form a sustainable and inclusive urban future. 
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Chapter 1: Introduction 
 
1.1 Background & Context 

 
Urban resilience is an emerging concept in global planning discourse, emphasizing the ability of cities 
to withstand, adapt, and recover from multifaceted challenges—ranging from climate change and 
natural disasters to rapid urbanization and socio-economic disruptions. As Indian cities grapple with 
increasing environmental stress and infrastructural overload, the demand for sustainable and adaptive 
planning approaches has never been greater. Among these, Transit-Oriented Development (TOD) has 
emerged as a key strategy that integrates land use and transit systems to foster compact, walkable, 
and connected communities cantered around efficient public transportation. 
 
Traditionally, TOD has been predominantly applied in the context of rail and metro systems. However, 
in water-rich cities like Varanasi, there exists an untapped opportunity to expand the TOD framework 
into water-based transit systems. Varanasi, one of the world's oldest continuously inhabited cities, 
holds exceptional cultural, spiritual, and ecological significance. Situated along the banks of the 
Ganges and intersected by tributaries like the Varuna and Assi rivers, Varanasi has historically 
leveraged its waterways for trade, ritual, and connectivity. Unfortunately, these networks have been 
neglected in contemporary urban planning, leading to underutilization of a critical natural asset. 
 
This thesis proposes a transformative vision for Varanasi through the development of a 180-meter-wide 
navigable canal ring with a central radius of 25 kilometres. The canal aims to interconnect the Ganges, 
Varuna, and Assi rivers, forming the backbone of a Water-based Transit-Oriented Development (WTOD) 
system. Around this circular water corridor, ten strategically located satellite urban nodes are 
proposed, each envisioned as a self-sustaining urban centre with mixed land uses, multimodal 
connectivity, and climate-resilient infrastructure. This initiative draws from global best practices such 
as Seoul’s Cheonggyecheon Stream Restoration and Amsterdam’s canal-integrated urbanism, 
tailoring them to Varanasi’s unique context. 
 
The integration of this canal network into the city’s planning framework promises several benefits. It 
provides an alternative mode of mobility that is environmentally sustainable, culturally resonant, and 
economically catalytic. The WTOD framework also helps reduce the urban heat island effect, improves 
drainage and flood management, supports tourism and local livelihoods, and decentralizes urban 
development away from the congested core. The project aligns with national initiatives such as the 
Smart Cities Mission, AMRUT 2.0, Namami Gange, and the National Inland Waterways Program. 
 
This thesis therefore seeks to explore how the reintroduction of water-based transit, guided by TOD 
principles, can serve as a strategic lever for enhancing urban resilience in Varanasi. It provides a 
comprehensive analysis of the spatial, social, and ecological dimensions of the canal project, and 
proposes a planning framework that integrates policy, design, and community participation. By 
positioning the Ganges and its tributaries as the spine of future urban expansion, this study envisions 
a resilient, inclusive, and forward-looking urban form for Varanasi—one that celebrates its heritage 
while embracing innovation. 
 

1.2 Research Problem & Justification 
 
Varanasi today faces numerous urban challenges—traffic congestion, unstructured growth, recurring 
floods, and lack of last-mile connectivity. Despite the presence of natural water networks, these are 
underutilized in the city’s transport and planning strategies. The proposed canal ring aims to address 
this gap by unlocking the potential of water-based transit as a sustainable, resilient, and economically 



11 
 

viable solution. This intervention also supports India's larger mission for river rejuvenation, smart city 
development, and climate adaptation. 
 

1.3 Objectives & Research Questions 
 
• To evaluate how a canal-based WTOD system can enhance sustainable urban mobility. 
• To analyse the potential of the canal corridor in strengthening Varanasi’s flood resilience. 
• To explore the economic and social revitalization opportunities through satellite node 

development. 
 

• Research Questions: 
o Can canal-based transit reduce traffic congestion and emissions in Varanasi? 
o What are the ecological and climate benefits of reactivating river networks? 
o How can TOD principles be adapted for water-centric urban planning? 

 
1.4 Methodology & Approach  

This study employs a mixed-methods research design, combining both qualitative and quantitative 
techniques to analyse the feasibility and implications of a 180-meter-wide canal-based WTOD system 
in Varanasi. The methodology is designed to integrate spatial, social, policy, and infrastructural 
perspectives into a comprehensive planning framework. The steps involved in the methodology are as 
follows: 
 
Step 1: Literature Review & Conceptual Framework 
• Review of global best practices in urban resilience and water-based TOD systems (e.g., Seoul, 

Amsterdam, Rotterdam). 
• Study of theoretical models of TOD, sustainable mobility, and climate-adaptive planning. 

 
Step 2: Primary Data Collection 
• Field Surveys: Conducted to understand mobility patterns, community perceptions, and existing 

bottlenecks. 
• Stakeholder Interviews: Discussions with local authorities (VDA, IWAI), planning experts, 

environmentalists, and residents. 
 

Step 3: Secondary Data Analysis 
• Collection of data from sources such as: 

o Census of India (Population, Housing, Employment Data) 
o Varanasi Master Plan 2031 
o Satellite imagery and riverine maps 
o Government policy documents (Smart Cities Mission, AMRUT, Namami Gange) 

 
Step 4: Spatial Analysis using GIS 
• Mapping of existing land use, river systems, and transport networks 
• Identification of potential TOD nodes within a 25 km canal radius 
• Spatial overlay of flood-prone zones, heritage sites, and green areas 

 
Step 5: SWOT Analysis 
• Evaluation of the Strengths, Weaknesses, Opportunities, and Threats associated with 

implementing a canal-based transit system in Varanasi. 
 

Step 6: Policy and Institutional Review 
• Assessment of existing urban and transport policy frameworks to determine implementation 

feasibility 
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• Institutional mapping of key stakeholders involved in river management, urban development, and 
transport 

Step 7: Synthesis and Proposal Development 
• Integration of spatial, social, and economic insights into a WTOD proposal 
• Development of a phased implementation strategy with design interventions and policy 

recommendations 
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1.5 Scope & Limitations 

The scope of this study is confined geographically to a 25-kilometer radius surrounding the core 
metropolitan region of Varanasi. This area has been strategically chosen to encompass the proposed 
circular canal alignment and the ten satellite urban nodes envisaged under the Water-based Transit-
Oriented Development (WTOD) framework. Within this delineation, the study focuses specifically on 
the conceptual planning, urban design strategies, and policy integration of a 180-meter-wide navigable 
canal system that interlinks the Ganges, Varuna, and Assi rivers. 
 
• The research is primarily limited to the planning and spatial development aspects of the proposed 

WTOD corridor. While engineering feasibility, construction technologies, and detailed hydraulic 
modelling are acknowledged as critical to real-world implementation, these fall outside the 
purview of this academic inquiry. However, indicative strategies and best-practice 
recommendations are included to inform future technical studies. 
 

• The study also assumes a set of foundational preconditions necessary for the realization of the 
project:  

(i) Sustained policy support at both central and state levels,  
(ii) Coordinated action from institutional stakeholders,  
(iii) Availability and timely acquisition of land, and  
(iv) Long-term financial viability through blended public-private investment 

mechanisms. 
 

• Temporal limitations are also recognized, as the projections and proposals are based on data 
available up to 2025, with hypothetical forecasting extended to the year 2075. Consequently, any 
changes in demographic patterns, climate variability, or political contexts beyond this window 
may affect the project’s applicability and outcomes. Despite these constraints, the study offers a 
robust conceptual framework that can guide comprehensive, scalable, and adaptive canal-based 
TOD planning in Varanasi.  
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Chapter 2: Literature Review 
 
2.1 Urban Resilience and Climate-Responsive Planning 
 

Urban resilience has emerged as a critical framework for understanding and enhancing the capacity of 
cities to respond to the challenges posed by climate change, rapid urbanization, socio-economic 
disparities, and environmental degradation. In the 21st century, urban areas face increasingly complex 
and interconnected threats—ranging from rising sea levels and extreme weather events to 
infrastructural overload and systemic inequality. Urban resilience emphasizes the need for cities not 
only to recover from shocks and stresses but also to adapt and transform in ways that improve their 
long-term sustainability and livability. 

 
Key theoretical frameworks such as the Rockefeller Foundation’s 100 Resilient Cities (100RC) initiative 
and the IPCC’s Special Reports on Climate Change and Cities provide a foundational understanding of 
how resilience can be embedded into urban planning processes. The 100RC framework identifies four 
dimensions of urban resilience: health and wellbeing, economy and society, infrastructure and 
environment, and leadership and strategy. The IPCC underscores the importance of climate-
responsive urban design, especially in the global South, where vulnerability is often exacerbated by 
informal settlements, inadequate services, and poor institutional capacities. 
 

Urban resilience can be categorized into four interrelated dimensions: 
1. Infrastructural Resilience: Ensuring that urban infrastructure—including transportation, water 

supply, energy, and housing—is designed to withstand extreme events, such as floods and 
heatwaves. This involves redundancy (multiple systems for critical services), robustness (capacity 
to withstand stress), and flexibility (capacity to change operations during emergencies). 

2. Ecological Resilience: Restoration and preservation of ecosystems such as rivers, wetlands, and 
green corridors that act as natural buffers against climate extremes. Blue-green infrastructure, 
water-sensitive urban design (WSUD), and urban biodiversity initiatives play a key role. 

3. Social Resilience: Empowering communities to participate in planning, access resources, and 
develop networks of support. Socially resilient cities are inclusive, equitable, and capable of 
protecting vulnerable populations from displacement and marginalization. 

4. Institutional Resilience: Strengthening governance systems, promoting decentralization, and 
enhancing coordination among urban agencies to respond effectively to disasters and long-term 
stressors. 
 

Two notable international examples of successful urban resilience planning are Seoul and Amsterdam: 
1. In Seoul, the restoration of the Cheonggyecheon Stream is a flagship model of ecological and 

infrastructural resilience. A six-kilometre stretch of a buried stream was revitalized, creating a 
blue-green corridor that reduced urban heat, restored biodiversity, and improved air quality. 
Importantly, this project reduced the city’s flood vulnerability by channelling stormwater through 
a naturalized streambed. It also enhanced social resilience by reclaiming public space for 
community interaction, thus fostering inclusive urban regeneration. 

2. In Amsterdam, the city’s extensive canal network and waterfront planning have long been 
integrated into its urban resilience strategy. Through adaptive reuse of historical water 
infrastructure, the city manages flood risks, encourages mixed-use waterfront development, and 
integrates water transport with cycling and public transit. Amsterdam’s blue infrastructure is not 
only functional but also deeply woven into the cultural and economic identity of the city. Its 
approach exemplifies how heritage, mobility, and resilience can be harmoniously interlinked. 
 

In the Indian context, these dimensions take on added significance. Rapid urban expansion, 
particularly in tier-2 cities like Varanasi, has outpaced the capacity of existing infrastructure and 
governance systems. Varanasi, a riverine city with immense cultural heritage, faces frequent 
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challenges such as monsoon-induced urban flooding, water pollution, inefficient mobility systems, 
and a fragile ecological setting. As such, the development of urban resilience in Varanasi must be 
tailored to its geographic, social, and cultural uniqueness. 
 
Climate-responsive planning integrates resilience into the spatial and infrastructural planning of cities. 
It emphasizes decentralized infrastructure systems (e.g., decentralized drainage or energy systems), 
flexible land-use zoning that accounts for ecological buffers, and redundancy in transport and utility 
networks. These principles ensure that when one system fails`—due to flood, heat, or congestion—
others can compensate, preventing systemic collapse. 
 
In the context of this thesis, the proposed canal-based WTOD system for Varanasi inherently supports 
resilient planning. It leverages the natural hydrology of the city for mobility, drainage, and flood 
management while decentralizing urban growth through satellite nodes. By integrating ecological, 
infrastructural, and social resilience into a TOD framework, Varanasi can transition into a more 
adaptive, inclusive, and future-ready city in the face of climate uncertainty. 
 

2.2 Transit-Oriented Development (TOD): Concepts and Evolution 
 

Transit-Oriented Development (TOD) has emerged as one of the most influential urban planning 
strategies in the 21st century, addressing the dual challenges of sustainable mobility and unregulated 
urban expansion. TOD proposes a holistic integration of land use and public transportation to promote 
compact, walkable, and economically vibrant communities. As cities worldwide grapple with issues 
such as traffic congestion, urban sprawl, climate change, and socio-spatial inequalities, TOD offers a 
multidimensional solution that not only enhances mobility but also improves quality of life, economic 
productivity, and environmental health. 

 
Defining Principles of TOD 

The core idea of TOD revolves around creating high-density, mixed-use development within walking 
distance (usually 400–800 meters) of a public transit station. The objective is to make public 
transportation the most convenient and accessible option for daily commuting while reducing the 
need for private vehicle usage. Key principles of TOD include: 
• Compact Urban Form: Development is concentrated around transit hubs to reduce land 

consumption and preserve open space. 
• High-Density Development: Residential and commercial densities are higher around transit 

nodes to support ridership and walkability. 
• Mixed Land Use: Housing, employment, shopping, civic services, and recreational facilities are 

located in close proximity to each other. 
• Pedestrian and Cyclist Infrastructure: Streets are designed to prioritize walkability, safety, and 

access for cyclists and people with disabilities. 
• Multimodal Transport Integration: Seamless connectivity between different modes of 

transport—metro, buses, ferries, bicycles, and footpaths—is ensured. 
• Public Realm Activation: Streetscapes, plazas, and public amenities foster social interaction and 

community engagement. 
These principles collectively contribute to the development of human-scaled, inclusive, and sustainable 
urban environments. 
 
Evolution of TOD: From Rail Corridors to Multimodal Integration 

The roots of TOD can be traced back to pre-automobile cities where transportation and settlement 
were closely linked. European cities like Paris, Vienna, and Amsterdam organically evolved around 
tram lines and canals, supporting walkability and compact growth. In the early 20th century, cities like 
New York and Tokyo formalized rail-based urban expansion where transit stations became anchors of 
high-density development. 
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The modern TOD framework was popularized in the 1990s through the works of Peter Calthorpe and 
organizations like the Institute for Transportation and Development Policy (ITDP). These models 
emphasized integrated land use and transit design, primarily in the context of rail and metro systems. 
However, with growing urban diversity and technological advancement, TOD has expanded beyond 
fixed rail to include Bus Rapid Transit (BRT), Light Rail Transit (LRT), cable cars, and increasingly, water-
based transit systems. 
 
TOD is no longer confined to a rigid template; it is a flexible framework that adapts to geography, 
culture, and socio-economic context. This adaptability has enabled its application across global 
cities—from the planned transit corridors in Curitiba, Brazil, to the pedestrianized zones of 
Copenhagen, and from Singapore’s integrated housing-transport system to India’s emerging metro-
based urban expansions. 

 
Global Best Practices in TOD: Case Studies of Seoul and Amsterdam 
 
Seoul, South Korea 

Seoul presents one of the most comprehensive examples of TOD integration at a metropolitan scale. 
The city boasts an extensive subway network which is interlinked with bus services, bike lanes, and 
pedestrian corridors. Around major transit hubs like Gangnam, Seoul Station, and Jongno, high-density 
commercial and residential developments are seamlessly connected with public spaces and transit 
infrastructure. 
 
A landmark initiative that redefined Seoul’s TOD landscape is the Cheonggyecheon Stream Restoration 
Project. This project involved dismantling a congested elevated expressway to daylight an ancient 
stream running through the city centre. The stream was restored into an ecological corridor, flanked by 
pedestrian boulevards, cycle paths, and mixed-use developments. The result was not just a public 
space revival but a dramatic reduction in air pollution, vehicular congestion, and urban heat island 
effect. The area became a TOD zone organically—residents, workers, and tourists could all access 
services, housing, and transit with ease. The Cheonggyecheon model proves how TOD can be 
catalysed through ecological and infrastructural convergence. 

 
Amsterdam, Netherlands 

Amsterdam is another exemplary city that embodies TOD principles, but through a distinct water-
centric planning model. Historically structured around its extensive canal network, the city integrates 
ferry-based transport, tram systems, metros, and cycling corridors into a seamless urban mobility web. 
TOD in Amsterdam is characterized by compact neighbourhoods, high land-use efficiency, and active 
public spaces. 
 
Amsterdam’s IJburg development—a TOD expansion in a newly reclaimed waterfront district—
demonstrates innovation in combining housing, transit, and water-sensitive planning. Designed with 
water trams and metro connectivity, IJburg provides affordable housing, recreational spaces, and 
sustainable energy systems. The integration of mixed-income housing and social infrastructure within 
walkable distances from ferry terminals and tram stops makes it a model of inclusive TOD. 
 
Moreover, Amsterdam’s canal-side neighbourhoods maintain heritage integrity while supporting 
transit access, retail vibrancy, and residential density. The city’s ability to synchronize water transport 
with cycling and public transit sets it apart as a TOD model deeply rooted in ecological and cultural 
identity. 
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Benefits of TOD 
The advantages of Transit-Oriented Development are far-reaching and intersect across multiple domains: 

• Environmental: Reduces greenhouse gas emissions by curbing car dependency and promoting 
low-emission transit. 

• Economic: Increases land value, stimulates local economies, and attracts private investment in 
transit corridors. 

• Social: Promotes equitable access to services, reduces travel time and costs, and supports 
community cohesion. 

• Public Health: Encourages walking and cycling, thereby improving physical activity and reducing 
pollution exposure. 

• Land Use Efficiency: Utilizes urban land optimally by concentrating development in existing or 
new transit zones. 
 

Limitations of Conventional TOD Models 
Despite its numerous benefits, traditional TOD faces limitations, especially when applied in contexts with 
unique spatial, ecological, or socio-political conditions: 

• High Infrastructure Costs: Rail-based TOD demands significant upfront capital for station 
construction, electrification, and rolling stock. 

• Gentrification Risk: Without safeguards, TOD zones may attract speculative investment, 
displacing low-income residents. 

• Over-reliance on Fixed Transit: In areas with fluctuating demand, fixed routes may be inefficient 
or underutilized. 

• Neglect of Natural Systems: Conventional TOD often overlooks water bodies, ecological 
corridors, and floodplains in its planning. 
 

The Need for Innovation: Water-Based Transit-Oriented Development (WTOD) 
To address the spatial and ecological constraints of traditional TOD, planners are now exploring Water-
Based Transit-Oriented Development (WTOD)—a novel approach that merges TOD principles with river 
and canal systems. WTOD offers several strategic advantages: 

• Cost-effective Infrastructure: Canals and rivers, where navigable, offer ready-made corridors for 
public transit, reducing land acquisition costs. 

• Flood Resilience: Integrated blue-green infrastructure supports stormwater management and 
ecological restoration. 

• Decentralized Growth: WTOD enables balanced urban expansion by linking peripheral and 
heritage areas through water transit. 

• Cultural Reconnection: Reinforces traditional relationships between cities and their rivers, 
promoting cultural continuity and spiritual relevance. 
 

The Varanasi Canal Project—proposing a 180-meter-wide navigable ring canal that links the Ganges, 
Varuna, and Assi rivers—is a pioneering application of WTOD in India. The project envisions ten 
satellite nodes around the canal, each developed as a high-density, multimodal hub with ferry 
terminals, cycling lanes, and mixed-use zones. Inspired by Seoul’s ecological regeneration and 
Amsterdam’s canal-based mobility, this initiative not only enhances transit but also revives the cultural 
and ecological lifelines of the city. 
 
In conclusion, Transit-Oriented Development continues to evolve, finding new expressions in diverse 
geographies and urban forms. The adaptation of TOD principles into water-based systems marks a 
critical shift toward climate-adaptive, heritage-sensitive, and economically inclusive urban 
development. As cities like Varanasi embrace WTOD, they pave the way for a resilient future that 
harmonizes tradition with innovation, and ecology with urbanism. 
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• Defining features of TOD: compactness, walkability, high-density, mixed-use development, and 
multimodal transit 

• The evolution of TOD from rail-based models to inclusive multimodal applications 
• Benefits in terms of sustainable mobility, land-use efficiency, and socio-economic development 
• Limitations and criticisms of conventional TOD and the scope for innovation through water-based 

systems 
 

2.3 Water-Based Transit-Oriented Development (WTOD) 
Water-Based Transit-Oriented Development (WTOD) represents a progressive rethinking of 
conventional transit-oriented planning by integrating natural hydrological systems—such as rivers, 
canals, and streams—into the core framework of urban mobility, spatial planning, and ecological 
resilience. WTOD leverages navigable water corridors to create sustainable, multimodal urban 
environments that reduce reliance on road infrastructure while activating underutilized blue assets for 
public transport, tourism, and recreation. In cities with historical riverfronts or extensive water 
networks, WTOD presents a unique opportunity to bridge ecological restoration with smart urban 
growth. 
 
At its core, WTOD retains the defining principles of traditional TOD—namely compact, high-density, 
mixed-use development anchored by accessible and efficient transit nodes—but replaces or 
supplements rail and road-based transit with ferry terminals, water taxis, and inland water transport 
systems. In addition to mobility, WTOD plays a critical role in flood mitigation, aquifer recharge, 
biodiversity enhancement, and climate adaptation, particularly in low-lying or flood-prone regions. 

 
Conceptual Foundations of WTOD 
WTOD systems are characterized by the following features: 

• Navigable Water Corridors: Utilization of existing or restored rivers and canals as transit 
infrastructure 

• Blue-Green Integration: Canal edges developed as public spaces with bioswales, wetlands, and 
green promenades 

• Ferry or Water Taxi Terminals: Strategically placed access nodes that serve as multi-modal 
transport hubs 

• Mixed-Use Zoning: High-density, pedestrian-oriented land use along the water corridor 
• Last-Mile Connectivity: Integrated infrastructure for walking, cycling, and e-mobility 
• Ecological Design: Low-impact design principles for embankments, docks, and adjacent built 

form 
WTOD differs from traditional TOD by incorporating water-sensitive urban design (WSUD) into transit 
planning, offering a framework that is inherently aligned with environmental sustainability and climate 
resilience. 
 

Seoul’s Cheonggyecheon: Ecological Restoration as Transit Strategy 
A globally acclaimed example of blue-infrastructure-led urban renewal is Seoul’s Cheonggyecheon 
Stream Restoration Project. Once buried under a highway, the Cheonggyecheon stream was 
daylighted and transformed into a 10.9-kilometer-long linear park with integrated pedestrian paths, 
ecological zones, and water-sensitive landscape features. Although the stream does not support ferry 
transit, it introduced a walkable ecological corridor that acts as a spine for surrounding TOD. 
 
The restoration drastically reduced heat island effects, improved air quality, and lowered particulate 
matter concentration by removing thousands of vehicles per day. The stream’s banks now support 
cafes, cultural venues, and residential complexes, turning the zone into a multimodal, pedestrian-first 
transit corridor. Crucially, it demonstrated how the reactivation of a water body can stimulate land 
value appreciation and social inclusivity while offering flood mitigation and biodiversity gains. 
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Amsterdam: Canal-Integrated Urbanism 
Amsterdam exemplifies a mature WTOD framework. Its historic canal system—dating back to the 17th 
century—continues to serve as a public transit and logistics network. The city operates an extensive 
ferry and water taxi system, particularly in its central districts and waterfront zones such as 
Amsterdam-Noord and IJburg. The canals, integrated with cycling networks and tram lines, form a 
multi-modal mesh that reinforces walkability and transit equity. 
 
In areas like IJburg, a reclaimed land extension in eastern Amsterdam, urban design incorporates 
water-based transit from the outset. Ferry docks, tram lines, and pedestrian routes are placed within 
walkable proximity to dense residential and mixed-use buildings. Water edges are activated with public 
parks, community gardens, floating pavilions, and commercial spaces. The city’s water management 
agency collaborates closely with transport and planning departments, ensuring that flood control 
infrastructure doubles as urban public space and mobility asset. 
Amsterdam’s approach to WTOD is further strengthened by policies that support affordable housing, 
heritage conservation, and renewable energy in canal-adjacent zones. It demonstrates that WTOD can 
be both modern and historic, high-tech and heritage-driven, inclusive and efficient. 

 
Benefits of WTOD 
WTOD offers a robust array of benefits that extend beyond traditional TOD, particularly for cities like 
Varanasi where rivers are both ecological assets and cultural lifelines: 

• Sustainable Mobility: Reduces congestion and emissions by introducing low-carbon water-
based transport modes 

• Climate Resilience: Acts as flood buffer, supports stormwater drainage, and enables 
groundwater recharge 

• Cultural Preservation: Protects and revitalizes riverfront heritage, ghats, and ritual landscapes 
• Economic Regeneration: Attracts tourism, boosts real estate around waterfronts, and supports 

local crafts and businesses 
• Land Value Enhancement: Canal-facing development yields premium market value and 

incentivizes private investment 
• Decentralization: Satellite node development relieves pressure on the urban core, supporting 

balanced metropolitan growth 
 
Varanasi and the Vision for WTOD 

Varanasi’s proposed 180-meter-wide canal ring system, with a 25-km central radius connecting the 
Ganges, Varuna, and Assi rivers, is envisioned as the backbone of a Water-Based Transit-Oriented 
Development strategy. Ten satellite nodes will be developed along the canal ring, each functioning as 
a mixed-use, transit-integrated urban center. These nodes will include ferry terminals, cycle paths, 
ecological buffers, green promenades, and TOD zoning to promote walkability and sustainable growth. 
Inspired by Amsterdam’s ferry-canal-mobility integration and Seoul’s green corridor activation, 
Varanasi’s WTOD model aims to: 
• Restore and revitalize sacred and ecological water channels 
• Introduce affordable, non-polluting water-based transport modes 
• Integrate heritage conservation with modern urban services 
• Promote inclusive development and improve access to peripheral zones 
• Decentralize city functions while reinforcing the historic and cultural identity of the core 

 
Institutional and Planning Considerations 
Implementing WTOD in Indian cities will require a multi-agency approach: 

• Urban Development Authorities (e.g., VDA) for land use and zoning integration 
• Inland Waterways Authority of India (IWAI) for ferry operations and river navigability 
• Smart Cities and AMRUT Missions for funding and convergence of urban services 
• State and Municipal Governments for stakeholder coordination and PPP facilitation. 
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Policy reforms may be required to: 
• Amend zoning regulations to include WTOD corridors 
• Incentivize canal-facing development through floor space index (FSI) benefits 
• Mandate ecological impact assessments and resilient infrastructure design 
• Encourage participation from private developers under PPP frameworks 

 
WTOD is not merely a transport intervention—it is a systemic reimagination of how water, mobility, and 
urban form intersect. In a culturally rich and ecologically vulnerable city like Varanasi, this model holds 
transformative potential. By integrating the planning insights of Seoul’s ecological revitalization and 
Amsterdam’s canal urbanism, WTOD can serve as the foundation for a resilient, inclusive, and future-
ready urban fabric. 
 
2.4 Global Case Studies on River-Based Urban Transport and Revitalization 
 
Introduction: Reimagining Urban Waterways for Sustainable Development 
 

Urban rivers, historically the lifelines of many civilizations, have in recent decades suffered neglect 
due to industrialization, pollution, and encroachments. However, the global shift towards 
sustainable and resilient cities has revitalized interest in utilizing river systems for transportation, 
ecological rejuvenation, and urban development. Among the most successful examples of this 
revival are the Cheonggyecheon Stream Restoration in Seoul, South Korea, and Amsterdam's 
Canal Network Integration in the Netherlands. These cities have effectively blended 
environmental restoration with modern mobility and transit-oriented development (TOD), setting 
global benchmarks in river-based urban planning. 

 
I. Seoul, South Korea – Cheonggyecheon Stream Restoration 

A. Historical Context and Decline 
The Cheonggyecheon Stream originally flowed through the heart of Seoul, serving as a vital water 
source and public gathering space for centuries. By the mid-20th century, rapid urbanization and 
industrial growth led to its degradation. The stream was covered with concrete and elevated 
highways were built over it in the 1950s and 60s, turning the once-vibrant natural corridor into a 
polluted and forgotten space. 
 
B. The Vision for Restoration 
In the early 2000s, Seoul’s then-mayor Lee Myung-bak initiated an ambitious plan to "daylight" 
the stream—removing the highway and restoring the riverbed to its natural form. The project aimed 
to: 

• Improve ecological health and biodiversity. 
• Enhance public space and walkability. 
• Reduce urban heat and pollution. 
• Promote sustainable transit alternatives. 

C. Key Implementation Strategies 
1. Demolition and Rehabilitation: Over 5.8 km of elevated expressway was dismantled. The 

streambed was restructured using a combination of piped water and natural spring 
sources to ensure year-round flow. 

2. Transport Planning: To compensate for the lost highway, bus rapid transit (BRT) lanes and 
upgraded metro connectivity were established, discouraging private vehicle use and 
promoting multimodal transport. 

3. Public Space Design: The restored stream features walkways, footbridges, public art 
installations, and recreational zones, transforming it into a linear urban park. 

D. Ecological and Environmental Outcomes 
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• Urban Cooling: Temperatures around the stream dropped by 3–5°C, mitigating the urban 
heat island effect. 

• Air Quality: Fine dust (PM10) levels decreased significantly in the surrounding areas. 
• Biodiversity: Over 25 species of fish and 90 species of birds have been recorded, 

indicating successful ecological revival. 
E. Socioeconomic and Urban Impacts 

• Property Value Rise: Land and rental values along the corridor increased by up to 30%, 
stimulating local business. 

• Public Engagement: The area became a cultural hub, attracting over 60,000 visitors daily. 
• Heritage Revitalization: Historic sites adjacent to the stream, such as Gwangtonggyo 

Bridge, were restored, blending modern urbanism with historical preservation. 
F. Lessons from Seoul 

• Strong Political Leadership: High-level commitment and public outreach were critical to 
overcome resistance. 

• Integrated Urban Design: The project was not limited to the stream but redefined 
surrounding urban mobility and land use. 

• Ecological Economics: Prioritizing nature restoration yielded long-term social and 
economic dividends. 

 
II. Amsterdam, Netherlands – Canal Network Integration 

A. Historical Legacy of Canals 
Amsterdam’s canals, built in the 17th century, were initially designed for drainage, transport, and 
defence. The city's iconic Grachtengordel (canal belt) now comprises over 100 kilometers of 
waterways, more than 1,500 bridges, and plays a vital role in the city’s identity. 
While historically functional, the canals today have been seamlessly integrated into 
contemporary urban transport, tourism, and sustainable living strategies. 
 
B. Urban Transport Integration 

1. Ferry and Water Taxi Services: 
o The city operates public ferries (free of charge in many cases) across the IJ River, 

enhancing connectivity between Amsterdam Noord and the city center. 
o Water taxis and private boat services offer residents and tourists alternative, 

scenic, and efficient transport modes. 
2. Multimodal Synergy: 

o Ferry terminals and canal docks are closely integrated with metro, tram, and 
cycling networks. 

o The Amsterdam Central Station serves as a major intermodal node, connecting 
rail, ferry, tram, and canal routes. 

3. TOD Nodes and Waterfront Planning: 
o Strategic TOD projects like IJburg, a planned waterfront neighbourhood built on 

reclaimed land, prioritize high-density housing, mixed-use zoning, and 
sustainable transport modes cantered around canal access. 

o These neighbourhoods combine housing, commercial services, green spaces, 
and water-based transit—fulfilling the TOD vision. 

C. Heritage-Preserving Waterfront Design 
• Strict Zoning and Conservation Laws: Amsterdam's canals are protected under 

UNESCO World Heritage status. Any urban development along the canals must preserve 
the architectural and visual integrity of the area. 

• Adaptive Reuse: Many former warehouses and canal-side buildings have been 
transformed into cultural venues, boutique hotels, and eco-friendly residences. 
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D. Environmental Management 
1. Water Quality Initiatives: 

o Continuous dredging, advanced sewage treatment, and reduced industrial 
discharge have turned Amsterdam’s canals into clean and swimmable water 
bodies. 

o Events like the Amsterdam City Swim highlight the success of these efforts. 
2. Flood Resilience and Climate Adaptation: 

o As a city below sea level, Amsterdam employs a complex network of dikes, 
pumps, and flood barriers—supported by canal management—to prevent 
inundation. 

o The city also incorporates water squares (spaces that store rainwater during 
storms) and floating homes to adapt to rising water levels. 

E. Public Realm and Urban Aesthetics 
• The canal network is seamlessly woven into Amsterdam’s public realm design—

encouraging walking, cycling, and cultural engagement. 
• Public lighting, historical signage, and canal cruises reinforce the city’s image as a living 

museum that is also functionally modern. 
F. Lessons from Amsterdam 

• Sustainable Urbanism: Canals can support both mobility and climate resilience if 
integrated with broader sustainability goals. 

• Transit and Tourism Balance: Water transport can coexist with tourism when managed 
through regulation, zoning, and infrastructure design. 

• Civic Identity: Heritage conservation can drive economic growth while reinforcing local 
identity and pride. 

 
III. Comparative Analysis and Shared Lessons 

Aspect Seoul – Cheonggyecheon Amsterdam – Canal Integration 
Historical River 
Use 

Ancient stream covered during 
urbanization 

Canals built for transport, defense, and 
water management 

Restoration 
Strategy 

Daylighting and ecological renewal Integrating heritage canals into modern 
transport and TOD planning 

Transit Integration BRT, pedestrian corridors, metro Ferries, water taxis, tram/cycle 
connectivity 

Environmental 
Outcome 

Urban cooling, air quality, 
biodiversity recovery 

Water purification, climate resilience, 
eco-tourism 

Social Impact Revived public spaces, urban 
culture, civic pride 

Public events, urban leisure, equitable 
access to waterfronts 

Economic Impact Land value rise, increased footfall, 
tourism growth 

Real estate appreciation, tourism 
income, mixed-use district growth 

Governance Model Strong municipal leadership, public-
private collaboration 

Local government, heritage conservation 
boards, community stakeholders 

Design Philosophy Urban greening, minimalistic 
modernity 

Heritage-sensitive, adaptive reuse, 
cycling-friendly 

 
IV. Implications for River-Based Urban Transport and Revitalization 
 
The Seoul and Amsterdam models offer complementary blueprints for river-integrated development: 

• Revitalization is More Than Beautification: It requires multi-dimensional planning—ecological, 
transport, economic, and cultural. 

• Water as Infrastructure: Rivers and canals should be treated as infrastructure assets, supporting 
transport, drainage, and public life. 
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• People-Centric Development: Both cities place pedestrians, cyclists, and community spaces at 
the centre—offering inclusive mobility and urban equity. 

• Integrated Governance: Success requires coordination across municipal departments—
planning, environment, transport, heritage, and tourism. 

• Resilience and Adaptation: Water-based planning can mitigate climate impacts through flood 
control, cooling, and green-blue infrastructure. 

• Place Identity and Branding: Waterways reinforce civic identity and international branding—
Cheonggyecheon as Seoul's cultural artery, Amsterdam’s canals as its global signature. 

 
V. Relevance for Cities like Varanasi and Beyond 
Emerging cities like Varanasi, which blend heritage with dynamic urbanization, can draw significant 
lessons from Seoul and Amsterdam: 

• Restoring the Ganges waterfront through canal corridors and walkways can replicate the 
Cheonggyecheon pedestrian success while cooling and cleaning urban microclimates. 

• Integrating water taxis and ferries with existing rail/road networks can echo Amsterdam’s canal-
mobility synergy—serving both residents and pilgrims. 

• Land value capture, eco-tourism, and culturally resonant public spaces along restored ghats can 
yield long-term economic returns. 

• Flood resilience planning, through embankment redesign and blue-green infrastructure, can 
address monsoon-driven urban flooding sustainably. 

 
Reimagining Cities Through Rivers 

The urban rivers of Seoul and Amsterdam have transitioned from neglected waterways to dynamic 
urban lifelines. Their stories show how integrated planning, design sensitivity, and policy 
commitment can unlock rivers' potential as ecological corridors, transport routes, and cultural 
anchors. 
 
Cities around the world, especially those facing climate challenges, population pressures, and 
heritage conservation dilemmas, can benefit immensely from these examples. As we look toward 
more sustainable and resilient futures, it is clear that the revival of urban rivers is not just a 
technical task—it is a transformative vision for living harmoniously with nature, history, and 
modernity. 

 
2.5 Climate-Adaptive Planning Strategies for Flood-Prone Cities: Lessons from Seoul and Amsterdam 
 
Introduction: Navigating Urban Futures Amidst Rising Waters 

Climate change poses a substantial risk to cities, particularly those situated along rivers, 
coastlines, or in low-lying areas. Flooding, driven by rising sea levels, intense rainfall events, and 
river overflow, has emerged as one of the most pressing threats to urban resilience. In response, 
cities around the world are increasingly adopting climate-adaptive planning strategies that 
integrate water-based infrastructure, nature-based solutions, and land-use planning reforms. This 
paper explores such strategies in detail, with Seoul, South Korea and Amsterdam, Netherlands as 
exemplary case studies of forward-thinking and holistic urban flood management. 

 
I. The Need for Climate-Adaptive Urban Planning in Flood-Prone Cities 
Flood-prone cities face complex challenges: 

• Increasing frequency and intensity of storms and rainfall events 
• Urbanization of floodplains and disruption of natural drainage systems 
• Inadequate infrastructure capacity to manage runoff 
• Socioeconomic vulnerability of populations living in low-lying or informal settlements 
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Adaptive planning aims to embed flexibility and resilience into urban development frameworks to 
mitigate, absorb, and recover from such hydrological shocks. The following strategies highlight key 
mechanisms employed by Seoul and Amsterdam to achieve flood adaptation. 

 
II. Use of Canals and Blue Corridors in Urban Flood Mitigation 

A. Amsterdam: The Canals as Sponge Cities 
Amsterdam’s centuries-old canal system, originally developed for water management and 
defence, has been recalibrated to function as a modern blue-green infrastructure network. Key 
features include: 

1. Stormwater Buffering: The extensive canal system absorbs and redirects stormwater, 
reducing surface runoff and alleviating pressure on drainage systems during heavy rains. 

2. Dynamic Water Level Management: The city uses a sophisticated system of locks, 
sluices, and pumping stations to regulate water levels, ensuring that canals can 
accommodate storm surges. 

3. Floating Urbanism: Projects like IJburg and Schoonschip showcase how urban living can 
adapt to fluctuating water levels through floating homes and amphibious buildings. 
 

B. Seoul: Cheonggyecheon Stream as an Urban Flood Drainage System 
While Cheonggyecheon is celebrated for its aesthetic and social contributions, it is also a high-
performing stormwater drainage corridor. During heavy rainfall: 

• Water from adjacent urban areas is diverted into the stream, reducing flood risk in 
downtown Seoul. 

• The corridor’s design includes floodplains and adjustable water flow systems that 
mitigate peak surges. 

• Rainwater is collected and filtered before entering the stream, maintaining ecological 
balance. 

Lessons: 
• Blue corridors are essential dual-purpose infrastructure serving both ecological and flood 

management roles. 
• Historic waterways can be repurposed with contemporary engineering to meet climate 

challenges. 
 
III. Nature-Based Solutions: Bioswales, Retention Ponds, and Wetland Parks 

A. Amsterdam: Urban Ecology Meets Engineering 
Nature-based solutions (NbS) in Amsterdam are central to flood mitigation and climate resilience:  

1. Retention Ponds and Water Squares: 
o Water squares like Benthemplein double as recreational spaces and stormwater 

retention basins. 
o During rain events, these depressions store excess water temporarily, preventing 

street flooding. 
2. Green Roofs and Bioswales: 

o Incentives encourage green roofs that reduce runoff and provide insulation. 
o Bioswales, vegetated channels along roads, absorb and filter rainwater. 

3. Wetland Restoration: 
o Peri-urban areas feature restored wetlands that act as sponges, filtering water 

and providing habitats. 
B. Seoul: Park-Based Solutions and Ecological Urbanism 

1. Seoul Forest and Tancheon Stream Park: 
o These green spaces include retention ponds and wetland features designed to 

store excess rainwater. 
o Trees and vegetation help cool the city and reduce surface runoff. 

2. Rain Gardens and Community Parks: 
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o Micro-scale rain gardens are being adopted in neighborhoods to manage local 
stormwater. 

Lessons: 
• Nature-based solutions provide co-benefits: flood mitigation, biodiversity, public health, 

and aesthetics. 
• Small-scale decentralized systems (e.g., rain gardens) can be powerful when scaled city-

wide. 
 
IV. Smart Design of Riparian Zones, Floodplain Zoning, and Buffer Development 

A. Amsterdam: Living with Water Ethos 
Amsterdam embraces the "Room for the River" philosophy: 

1. Riparian Setbacks and Zoning: 
o Strict building codes restrict development near key water bodies. 
o The city uses layered zoning to distinguish safe development zones and 

vulnerable floodplains. 
2. Buffer Infrastructure: 

o Green belts and dike systems provide layers of protection. 
o These buffers serve both ecological and hydraulic functions. 

B. Seoul: Adaptive Floodplain Management 
1. Elevated and Relocated Infrastructure: 

o Infrastructure along the Han River, including cycling tracks and parks, is elevated 
or designed for submersion. 

o Flood-prone informal settlements have been relocated and redeveloped. 
2. Smart Urban Design Tools: 

o GIS-based flood modeling informs planning decisions. 
o Early warning systems and dynamic flood gates ensure timely response. 

Lessons: 
• Land use regulations and zoning are powerful tools in shaping long-term flood resilience. 
• Integration of digital planning tools enhances adaptive capacity. 

 
V. Role of Water-Based Transit-Oriented Development (WTOD) in Mainstreaming Resilience 

A. Amsterdam: TOD Meets Climate Goals 
1. Canal-Linked TOD Nodes: 

o IJburg, a TOD development connected via bridges, tramways, and canals, 
demonstrates sustainable waterfront urbanism. 

o Mixed-use planning reduces the need for long car trips, indirectly reducing 
emissions and runoff. 

2. Freight and Passenger Canal Use: 
o Shift to barge-based freight transport reduces road congestion and pollution. 
o Tourist ferries are increasingly electric and contribute to local economies. 

B. Seoul: Emerging WTOD Frameworks 
1. Cheonggyecheon and Urban Density: 

o The restored stream has catalyzed high-density, mixed-use development within 
walking distance. 

o BRT, subways, and pedestrian zones enhance low-carbon mobility. 
2. Han River Blue Transit Vision: 

o Ongoing plans to integrate ferry services with metro and bus networks. 
o New developments are encouraged to align with transit and flood-resilient zones. 

Lessons: 
• WTOD reinforces compact, resilient, and low-carbon urban forms. 
• Integrating blue mobility within TOD frameworks enhances adaptive capacity and 

connectivity. 
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VI. Comparative Summary: Seoul vs Amsterdam 

Strategy Area Seoul Amsterdam 
Blue Corridors Cheonggyecheon Stream Historic Canal System 
Nature-Based 
Solutions 

Wetland parks, rain gardens Water squares, green roofs, bioswales 

Floodplain 
Management 

Relocation, elevated parks Layered zoning, dikes, wet buffers 

Smart Planning Tools GIS, early warning systems Adaptive zoning, hydraulic modeling 
WTOD Integration Cheonggyecheon BRT, Han River 

plans 
IJburg, canal-based freight and ferry 
systems 

 
Toward a Climate-Resilient Urban Future 
Seoul and Amsterdam present two compelling and contextually unique pathways to flood adaptation in 
riverine urban environments. While Seoul demonstrates rapid transformation through strategic restoration 
and infrastructure modernization, Amsterdam exemplifies long-term integration of water and urban life, 
rooted in centuries-old practices but updated for 21st-century challenges. 
Both cities underscore the importance of: 

• Holistic and multi-scalar planning, 
• Co-creation of urban spaces with nature, 
• Integration of water, mobility, and land use systems, 
• Policy innovation backed by data and community participation. 

Flood-prone cities, particularly in developing nations, can benefit immensely by customizing these insights 
to local socio-ecological contexts. The goal is not to eliminate water, but to learn to live with it more wisely, 
resiliently, and equitably. 

 
2.6 Socioeconomic Impacts of Integrated Urban Mobility Systems: Lessons from Seoul and 
Amsterdam 
 
Introduction: Mobility as a Catalyst for Inclusive Urban Development 

Urban mobility systems are the arteries of modern cities, shaping economic patterns, social 
access, and the overall quality of life. In an era of rapid urbanization and climate stress, integrated 
mobility—especially that which includes transit-oriented development (TOD) and water-based 
transport (WTOD)—has emerged not only as a solution for congestion and pollution, but also as a 
transformative force for socioeconomic development. This document explores how integrated 
urban mobility systems, with examples from Seoul and Amsterdam, impact job creation, land 
values, equity, and livelihood diversification, while also addressing the challenges of gentrification 
and displacement. 

 
I. Economic Growth Through Integrated Mobility Systems 

A. Job Creation and Local Economic Stimulation 
1. Seoul: Post-Cheonggyecheon Revitalization 

o The Cheonggyecheon Stream project not only restored an ecological corridor but 
also catalysed thousands of jobs during its construction and through the ongoing 
operation of commercial establishments and tourism. 

o The project’s surroundings saw a 3.5% increase in employment growth compared 
to other parts of the city. Retail, hospitality, and leisure industries witnessed 
significant boosts. 

2. Amsterdam: Mobility and Maritime Economies 
o The canal freight revival and integration with city logistics systems have spurred 

growth in the urban freight and water-based tourism sectors. 
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o The development of floating housing projects and ferry infrastructure has led to 
new opportunities in construction, green-tech engineering, and water transport 
services. 

B. Tourism and Cultural Economy 
1. Amsterdam: 

o The canal network is one of the primary drivers of Amsterdam’s tourism industry, 
generating millions of euros annually. Sightseeing cruises, floating museums, 
and water festivals contribute to both the formal and informal economy. 

2. Seoul: 
o Cheonggyecheon has become a cultural landmark, hosting events and drawing 

domestic and international tourists. The walkability and connectivity to 
traditional markets and art spaces fuel local entrepreneurship. 

C. Land Value Appreciation and Urban Redevelopment 
• In both cities, land values in areas with multimodal access and TOD corridors appreciated 

significantly: 
o Seoul: Commercial property values along Cheonggyecheon rose by 30-50% 

within five years post-revitalization. 
o Amsterdam: TOD neighbourhoods like IJburg have witnessed sharp increases in 

real estate prices, with waterfront views and ferry accessibility being key drivers. 
Lesson: Integrated mobility boosts local economies, attracts investment, and facilitates new 
markets—especially when combined with cultural and environmental assets. 

 
II. Risks of Gentrification and Displacement in TOD Zones 

A. Challenges of Gentrification 
1. Seoul: 

o The success of Cheonggyecheon led to rising property prices that pushed out 
small vendors and low-income residents, especially in adjacent traditional 
neighbourhoods. 

o Informal housing clusters around revitalized corridors were subject to eviction 
without adequate resettlement planning. 

2. Amsterdam: 
o TOD projects in canal-side neighbourhoods like Oostelijk Havengebied resulted 

in the transformation of former industrial lands into luxury zones, increasing the 
risk of socio-spatial segregation. 

B. Strategies for Inclusive Planning 
1. Social Housing Mandates: 

o Amsterdam requires 30-40% of new developments in TOD and WTOD areas to be 
social housing, ensuring affordability. 

2. Small Business Protection: 
o Seoul implemented zoning and tax relief measures to preserve local enterprises 

in redevelopment areas. 
3. Participatory Planning: 

o Community consultations and bottom-up planning approaches are increasingly 
used to mediate displacement risks. 

Lesson: While TOD and WTOD create economic vibrancy, they must be accompanied by 
safeguards that protect vulnerable populations from being priced out of improved infrastructure 
zones. 
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III. Enhancing Accessibility and Social Equity 
A. Bridging Urban-Rural Divides 

1. Seoul: 
o Expansion of metro lines into suburban and exurban areas, complemented by 

feeder bus services, has significantly improved access to jobs and services for 
peri-urban populations. 

o Waterways such as the Han River are being studied for ferry-based transit to serve 
new suburban growth zones. 

2. Amsterdam: 
o The integration of ferry services across the IJ River has made the formerly 

underdeveloped Amsterdam Noord more accessible, unlocking economic and 
residential growth. 

o Rural areas connected via cycling highways and water transit see increased 
tourism and commuter movement. 

B. Mobility for Marginalized Groups 
1. People with Disabilities and the Elderly: 

o Seoul’s barrier-free subway stations and pedestrian zones like Cheonggyecheon 
promote equitable access. 

o Amsterdam has retrofitted ferry and tram systems with universal design 
standards. 

2. Low-Income Communities: 
o Affordable public transport in both cities has allowed low-income groups to 

access jobs, healthcare, and education. 
o Discounted travel cards, bike-sharing, and integrated mobility platforms are key 

to social inclusion. 
Lesson: Integrated mobility systems, when designed with universal access principles, can be 
powerful tools for social justice and economic opportunity. 

 
IV. WTOD and Livelihood Diversification in Riverine Economies 

A. Amsterdam: Diversified Urban Waterfront Economies 
1. Maritime Startups and Green Innovation: 

o Canal-side zones have become hubs for boat-based logistics startups and 
electric water taxis. 

o Redeveloped ports now host creative economies—design studios, cultural 
events, and pop-up markets. 

2. Blue Jobs and Green Tourism: 
o Tourism-dependent communities benefit from jobs in hospitality, boating 

services, event management, and eco-guiding. 
B. Seoul: River-Based Livelihoods and Urban Integration 

1. Han River Leisure Economy: 
o Development of parks and ferry points supports vendors, fitness trainers, boat 

operators, and service staff. 
2. Micro-Enterprise Zones: 

o Small food stalls, rental bike services, and cultural kiosks along the 
Cheonggyecheon corridor support informal employment. 

C. Riverine Rural Linkages: 
• WTOD expansion connects rural craft and agri-economies to urban markets, fostering 

new income streams for river-dependent communities. 
Lesson: WTOD not only facilitates urban transit but also revitalizes the socioeconomic potential 
of riverine economies through diverse livelihood pathways. 
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V. Policy and Governance Innovations Supporting Socioeconomic Equity 
A. Integrated Mobility Authorities 

• Both cities operate through coordinated agencies: 
o Amsterdam: GVB (municipal transport authority) ensures seamless multimodal 

planning. 
o Seoul: SMG’s Transport Bureau integrates road, rail, and blue corridor planning 

with land use. 
B. Equity-Focused Regulations 

1. Zoning and Land Use Controls: 
o Transit benefit zoning tools ensure developers contribute to affordable housing 

and public amenities. 
2. Subsidies and Incentives: 

o Green mobility subsidies support bike ownership, ferry commutes, and e-
mobility startups. 

3. Digital Inclusion in Mobility: 
o Integrated mobility apps allow trip planning, fare payment, and route 

optimization—particularly helpful for underserved populations. 
Lesson: Effective governance, backed by smart regulation and technology, can align mobility 
systems with broader equity and sustainability goals. 

 
VI. Comparative Insights and Broader Applicability 

Aspect Seoul Amsterdam 
Economic Growth Boost from stream revitalization, TOD 

retail 
Canal logistics, tourism, and 
innovation hubs 

Risk of 
Gentrification 

High; mitigated by partial displacement 
support 

Moderate; managed through social 
housing 

Accessibility Extensive metro + walkability Ferries + cycle + tram integration 
WTOD for 
Livelihoods 

Han River vendors, micro-enterprises Canal freight, water-tourism, green 
jobs 

Governance Centralized city agency Decentralized but well-coordinated 
 
VII. Comparative Table: Varanasi vs. Amsterdam vs. Seoul 

Attribute Varanasi, India Amsterdam, 
Netherlands 

Seoul, South Korea Sources 

Population (2023) ~1.3 million ~900,000 ~9.7 million Census 
Reports, World 
Bank 

Density 
(people/km²) 

~2,400 ~5,000 ~16,000 UN Habitat, City 
Reports 

Primary Transit 
Mode 

Road-based 
(buses, auto-
rickshaws, private 
vehicles) 

Multi-modal 
(trams, cycling, 
metro, water 
transport) 

Metro, BRT, high-
speed rail 

Govt Transport 
Reports 

Water-Based 
Transit 

Limited (Ganges 
ferries, informal 
boats) 

Highly developed 
(canal ferries, 
water taxis) 

Limited (Some river 
transport along Han 
River) 

City Transport 
Departments 
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TOD 
Implementation 

Emerging (Smart 
City & AMRUT 
Projects) 

Well-established 
(Mixed-use 
zoning, 
pedestrian-
prioritized) 

Advanced (High-
density mixed-use 
around transit hubs) 

TOD Reports, 
Urban Planning 
Journals 

Integration of 
Transit Modes 

Weak (lack of 
connectivity 
between water, 
metro, and buses) 

Strong (seamless 
transfer between 
cycling, trams, 
ferries, buses, 
and metro) 

Highly Integrated 
(Metro, buses, high-
speed rail, and 
pedestrian spaces) 

Transit 
Development 
Authorities 

Pedestrian 
Infrastructure 

Poor (narrow, 
congested streets) 

Excellent (car-
free streets, 
cycle lanes, wide 
pedestrian 
zones) 

Very High (dedicated 
pedestrian and green 
spaces) 

Smart City 
Mission, Global 
Walkability 
Reports 

Cycling 
Infrastructure 

Non-existent Excellent (40% of 
daily trips are via 
bicycles) 

Moderate (emerging 
bike lanes, rentals) 

Mobility 
Reports, 
Cycling Policy 
Papers 

Public Transport 
Accessibility 
Index (PTAI) 

~35 (low) ~85 (high) ~90 (very high) UITP, 
Sustainable 
Transport Index 

Mixed-Use 
Development 
(TOD Criteria) 

Limited 
(commercial-
residential 
segregation) 

Well-balanced 
(commercial, 
residential, 
public spaces 
near transit) 

High-density mixed-
use near transit hubs 

TOD Framework 
Studies 

Heritage 
Preservation & 
TOD 

Sensitive 
(congested old 
city, regulatory 
challenges) 

Integrated 
(adaptive reuse 
of historic canal 
buildings) 

Balanced (Seoul’s 
cultural districts 
within TOD 
framework) 

Urban 
Conservation 
Reports 

Smart City & Tech 
Integration in 
Transit 

Developing (e-
ticketing, smart 
traffic 
management) 

Advanced (real-
time transit data, 
smart cards) 

Highly advanced (AI-
powered traffic 
monitoring, 
automated metros) 

Smart City 
Index, Govt 
Transport Data 

Green & 
Sustainable 
Initiatives 

Low (waste, 
pollution, and 
traffic issues) 

High (low 
emissions, 
pedestrian 
zones, green 
buildings) 

High 
(Cheonggyecheon 
River Restoration, air 
quality improvement 
measures) 

Environmental 
Reports, UN 
SDGs 

Riverfront 
Development & 
Urban Renewal 

Ongoing (Namami 
Gange project, 
ghats 
revitalization) 

Completed 
(Amsterdam’s 
waterfront is fully 
developed for 
transport & 
leisure) 

Successful 
(Cheonggyecheon 
restoration as a 
model for urban 
renewal) 

City Planning 
Reports, 
Government 
Initiatives 
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Public Transit 
Mode Share (%) 

~30% (high private 
vehicle 
dependency) 

~70% (majority 
use public transit 
or non-motorized 
transport) 

~80% (efficient public 
transit network) 

UITP, World 
Transit Reports 

Major Urban 
Challenges 

Traffic congestion, 
unplanned 
urbanization, 
pollution, lack of 
transit integration 

Balancing 
tourism, 
sustainability, 
and climate 
resilience 

High density, need for 
smart infrastructure 
expansion 

City 
Development 
Reports, 
Research 
Journals 

Key Takeaways 
for Varanasi 

Needs better 
transit 
integration, 
pedestrian & 
cycling spaces, 
water-based 
transport 
expansion 

Model for water-
based TOD, 
mixed-use, and 
public transit-
first planning 

Lessons from 
Cheonggyecheon 
for riverfront 
renewal, 
pedestrianized 
streets 

Derived from 
case studies & 
research 

 

Demographics Comparison: Varanasi vs. Amsterdam vs. Seoul 

Factor Varanasi, India 🇮🇳 
Amsterdam, 
Netherlands 🇳🇱 Seoul, South Korea 🇰🇷 

Population (2024 
est.) 

~1.7M (City) / ~3.6M 
(Metro) 

~900K (City) / ~2.5M 
(Metro) 

~9.7M (City) / ~25.7M 
(Metro) 

Population Growth 
Rate 📈 ~1.5% per year 

📉 ~0.3% per year 
(Stable) 📉 ~-0.2% (Declining) 

Urban Density 
(People per km²) 🏙️ 8,000–12,000/km² 🏘️ ~5,000/km² 🌆 ~16,000/km² 

Land Area (City 
Limits) 🗺️ ~82 km² 🌍 ~219 km² 🌏 ~605 km² 

Age Distribution 

👶 30% Youth (<18), 
👨‍💼 60% Working Age 
(18-60), 👵 10% Elderly 
(>60) 

👶 18% Youth, 👨‍💼 
65% Working Age, 👵 
17% Elderly 

👶 13% Youth, 👨‍💼 69% 
Working Age, 👵 18% 
Elderly 

Life Expectancy ⏳ ~70-72 years ⏳ ~82 years ⏳ ~83-85 years 

Major Ethnic 
Groups 

🇮🇳 98% Indian, 2% 
Others 

🇳🇱 75% Dutch, 25% 
Expats & Immigrants 

🇰🇷 96% Korean, 4% 
Expats & Others 

Primary Languages 🗣️ Hindi, Bhojpuri, 
English 🗣️ Dutch, English 🗣️ Korean, English 

Religious 
Composition 

🛕 85% Hindu, 🕌 15% 
Other 

⛪ 55% No Religion, 
✝️ 40% Christian, 🕌 
5% Other 

🏯 56% No Religion, 
🛕 20% Buddhism, ✝️ 
27% Christianity 

Literacy Rate 📚 ~78% 📖 ~99% 📖 ~99% 

GDP per Capita 💰 ~$2,500 💶 ~$65,000 💵 ~$35,000 
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Employment 
Sectors 

🏛️ 60% Informal 
(Tourism, Handicrafts), 
🚜 20% Agriculture, 🏭 
20% Industry 

📈 80% Services 
(Finance, Tech), 🏭 
10% Industry, 🌾 10% 
Agriculture 

💻 75% Services 
(Tech, Finance), 🏭 
20% Industry, 🌾 5% 
Agriculture 

 

Key Observations from the Comparative Study 

1. Varanasi has immense potential for water-based transit, similar to Amsterdam, but lacks 
infrastructure and policy execution. 

2. Seoul’s TOD and riverfront renewal (Cheonggyecheon Project) offer a model for Varanasi’s Ganges-
centric development. 

3. Amsterdam’s success in water-based transit can guide Varanasi in integrating the Ganges into its 
public transport system. 

4. Both Amsterdam and Seoul highlight the importance of pedestrian infrastructure, which Varanasi 
must prioritize in its urban renewal plans. 

5. Varanasi needs stronger policy backing, smart technology integration, and mixed-use 
development to transition toward an efficient TOD model. 

Conclusion: Integrated Mobility as a Pillar of Equitable Growth 
 
Seoul and Amsterdam exemplify how integrated mobility—especially when including TOD and WTOD 
frameworks—can drive holistic socioeconomic transformation. From stimulating job markets and tourism 
to enhancing access for the underprivileged and revitalizing riverine economies, these systems go far 
beyond their transportation function. 
 
However, as seen in both cities, mobility infrastructure must be consciously inclusive. Without equity-
driven safeguards, the very populations intended to benefit can be pushed out. Thus, planning mobility is 
as much about movement as it is about dignity, opportunity, and sustainable livelihoods. 
Emerging cities, especially in the Global South, can adapt these lessons by: 

• Embedding equity into transit-oriented planning from inception 
• Ensuring active participation of marginalized communities in mobility decisions 
• Leveraging blue-green infrastructure for inclusive and climate-resilient development 

 
Ultimately, integrated mobility holds the key to shaping cities that are not only efficient and green—but also 
just, inclusive, and full of life. 
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Chapter 3: Study Area – Varanasi & Canal-  
WTOD Corridor 
 
3.1 Historical & Sacred Role of the Ganges and Tributaries (Varuna, Assi) 

Varanasi, also known as Kashi or Banaras, is among the oldest living cities in the world. The sacred 
Ganges River, along with its tributaries Varuna and Assi, forms the spiritual and geographical heart of 
the city. The rivers have not only served as religious symbols but have also defined the morphology, 
economy, and identity of Varanasi across centuries. 
 
The Ganges, referred to as "Ganga Maiya," is revered as a goddess in Hindu tradition. Its banks are home 
to more than 80 ghats that serve various religious functions, from daily rituals and bathing to 
cremation. These rituals attract millions of pilgrims annually, reinforcing the river's centrality to the 
city’s cultural and spiritual life. 
 
The Varuna and Assi tributaries, though lesser in volume and modern prominence, were once active in 
channelling water, waste, and trade. The Assi Ghat and the confluence of Varuna near Adi Keshav Ghat 
mark the traditional boundaries of Kashi and hence hold symbolic and urban significance. Historically, 
these tributaries supported local agriculture, served as transportation channels, and were integral to 
flood mitigation. 
 
The cultural relevance of water in Varanasi transcends ritual. Traditional settlements evolved along the 
riverbanks with orientation towards the Ganga, and its presence shaped the spatial, economic, and 
architectural patterns. Temple towns, markets, and crafts-based economies, particularly silk weaving 
and metalwork, flourished in proximity to the water. 
 
However, in recent decades, urbanization has led to pollution, encroachment, and hydrological stress 
on the rivers. Restoration efforts like the Namami Gange Programme have aimed to re-establish the 
ecological and spiritual vitality of these rivers, making them central again to urban revitalization 
initiatives, including the Canal-WTOD Corridor. 
 

Aspect Details (2025) Projections & Notes 
(2075) 

WTOD/Urban Planning Relevance 

Population 
(City/Metro) 

City: 1,752,000; 
Metro: 2,080,000 

Projected (City): 
~4.6 million; 

Projected (Metro): 
~5.5 million (2% 
annual growth) 

Higher density will increase 
demand for efficient, sustainable 

transit, including water-based 
modes 

Population 
Growth Rate 

~2.07% annually 
(2024-2025) 

May slow to 1.5% by 
2075 as 

urbanization 
matures 

Growth rate influences 
infrastructure demand and transit 

planning 

Sex Ratio 913 females per 1000 
males 

Expected to improve 
with better health 
and social indices 

Gender-sensitive transit planning 
and safety measures needed 

Literacy Rate 79.5% overall (Male: 
84%, Female: 74.4%) 

Projected to exceed 
90% by 2075 

Higher literacy supports adoption 
of digital ticketing, smart transit, 

and public awareness 

Religious 
Composition 

Hindu: ~70%, Muslim: 
significant minority, 

Stable proportions 
expected 

Multicultural planning for transit 
access to diverse religious and 
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Others: Christian, 
Sikh, Jain, Buddhist 

cultural sites, especially along the 
ghats 

Slum 
Population 

~138,000 in urban 
area (2011) 

Could rise with 
population unless 

addressed by 
inclusive housing 

and transit policies 

WTOD can improve access and 
living standards for marginalized 

groups 

Urban Area Compact, high-
density core along 
Ganga; expanding 

suburbs 

Urban sprawl likely 
unless contained by 

transit-oriented 
planning 

WTOD can help contain sprawl and 
promote riverfront densification 

Key Rivers Ganga (NW-1), 
Varuna (NW-108), 

Assi 

Ganga and Varuna 
remain navigable; 
Assi not viable for 
IWT due to depth 

River corridors prioritized for 
passenger and freight water transit 

Water-Based 
Transit Assets 

49 community jetties, 
20 floating terminals, 
3 MMTs, 1 IMT on NW-

19 

Expansion with 
more jetties, 

advanced 
hydrogen/electric 

vessels, integrated 
water-metro 

systems 

Infrastructure backbone for WTOD; 
supports modal integration and 

last-mile connectivity 

Freight & 
Passenger 
Movement 

Jetties enable both; 
focus on time/cost 
savings and small 
industry support 

Expected to 
increase with urban 
growth and modal 
shift to waterways 

Reduces road congestion, 
pollution, and supports economic 

development 

Integration 
with Other 

Modes 

Metro, electric buses, 
ropeway, road, rail 

Full multimodal 
integration with 

seamless ticketing 
and transfer 

Essential for successful WTOD and 
urban mobility 

Policy & 
Governance 

Central: IWAI; 
Regional: VDA; City: 

Proposed Waterways 
Dept. 

More decentralized, 
tech-driven 
governance 

Strong governance ensures 
efficient, equitable transit 

development 

Environmental 
Aspects 

Focus on clean fuel 
vessels 

(hydrogen/electric) 

Greater emphasis 
on zero-emission 
fleets, riverbank 

restoration 

WTOD can drive sustainable urban 
development and climate 

resilience 

Tourism & 
Heritage 

Ghats, temples, 
Sarnath, cultural sites 

Tourism expected to 
grow, increasing 
transit demand 

WTOD can enhance visitor 
experience and manage flows to 

sensitive sites 
Land Use Mixed-use along 

riverbanks, 
commercial/industrial 

near jetties 

More mixed-use, 
higher density near 

transit nodes 

WTOD encourages vibrant, 
walkable neighborhoods with 

transit access 

Social Equity Efforts to improve 
access for all, 

including 
marginalized 
communities 

Greater focus on 
universal 

accessibility and 
affordability 

WTOD can bridge mobility gaps and 
foster inclusive growth 
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3.2 Existing Urban Form, Transport Infrastructure & Water Bodies 
 
1. Road Networks 

The city's road infrastructure comprises a mix of arterial roads, sub-arterial roads, and local streets. Recent 
developments have focused on enhancing connectivity and reducing congestion through several key 
projects 

• National Highways: Varanasi is connected by major national highways, including NH-19 
(connecting Delhi to Kolkata) and NH-28 (linking Varanasi to Gorakhpur), facilitating regional 
connectivity. 

• Ring Road Projects: The Varanasi Ring Road aims to divert through traffic away from the city 
centre, thereby reducing congestion and improving air quality. 

• Flyovers and Bridges: Multiple flyovers and bridges, such as the Malviya Bridge over the 
Ganges, enhance intra-city connectivity and ease traffic flow.                                                                   

2. Public Transit Routes 

Public transportation in Varanasi is primarily managed by Varanasi City Transport Service Limited (VCTSL), 
offering various services: 

• City Buses: VCTSL operates a fleet that includes air-conditioned and non-air-conditioned low-
floor buses, covering extensive routes throughout the city. These buses are a primary mode of 
transport for daily commuters.  

• Auto-Rickshaws and Cycle-Rickshaws: Widely available across the city, these provide 
flexible last-mile connectivity, especially in areas where larger vehicles cannot navigate due 
to narrow streets. 

• Taxis and E-Rickshaws: Taxis, including app-based services, and electric rickshaws offer 
alternative means of transport, catering to both short and long-distance travel within the city. 

3. Water Transport Facilities 

Leveraging the Ganges River, Varanasi has initiated steps to develop its inland water transport: 

• National Waterway-1 (NW-1): The Ganges River in Varanasi is part of NW-1, a significant 
inland waterway stretching from Allahabad to Haldia. This waterway facilitates both cargo and 
passenger movement.  

• Multi-Modal Terminal: Established in 2018, this terminal handle cargo movement, with a 
capacity of 1.26 million metric tons annually. It has attracted major companies like Maersk for 
container services.  

• Passenger Ferry Services: While primarily used for tourism and pilgrimages, there is potential 
to expand these services for regular commuter transit, enhancing connectivity along the 
riverbanks. 

4. Emerging Transportation Initiatives 

• Urban Ropeway Project: In 2023, construction began on the Kashi Ropeway, a 3.75 km long 
system designed to reduce travel time between the Cantonment area and Godowlia from 45 
minutes to approximately 15 minutes, with a capacity of 3,000 passengers per hour per 
direction.  
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• Metro Rail Proposal: Plans for a metro system have been proposed to further alleviate 
congestion and provide efficient mass transit options, though the project is in the planning 
stages. 

By integrating these diverse transportation modes, Varanasi aims to enhance sustainable 
mobility, reduce congestion, and promote economic revitalization, particularly by 
leveraging the Ganges as a transport corridor. 

5. Traffic Flow and Congestion Data: 

Varanasi, renowned for its cultural and spiritual significance, faces considerable traffic congestion 
challenges due to its dense urban fabric, narrow streets, and a mix of vehicular and pedestrian 
activities. Understanding the city's traffic patterns, peak congestion times, and bottleneck 
locations is crucial for developing effective transportation strategies. 

Traffic Patterns and Peak Congestion Times 

Traffic congestion in Varanasi is prevalent throughout the day, with pronounced peaks 
during specific periods: 

• Morning Rush Hour: Typically, from 8:00 AM to 11:00 AM, as residents commute to work, 
students travel to educational institutions, and markets commence operations.  

• Evening Rush Hour: From 5:00 PM to 8:00 PM, coinciding with the end of the workday, 
school dismissals, and increased commercial activities. 

Additionally, Mondays often experience heightened traffic due to the reopening of markets 
after the weekend, leading to increased vehicular movement across the city.  

Identified Bottleneck Locations 

A comprehensive assessment has pinpointed 106 bottleneck points across Varanasi's 
road network that contribute to traffic congestion. While a detailed list of all these points 
is extensive, notable areas with significant traffic issues include: 

• Godowlia Junction: A central hub known for its commercial significance and proximity to 
the Kashi Vishwanath Temple, leading to persistent congestion. 

• Lahurabeer: A critical intersection experiencing heavy traffic flow due to its connectivity 
to various parts of the city. 

• Cantonment Area: Near the Varanasi Junction railway station, this area faces congestion 
from passenger vehicles and rickshaws, especially during train arrival and departure 
times. 

• Lanka: Located near Banaras Hindu University (BHU), this area witnesses significant 
traffic from students and faculty, compounded by commercial establishments. 

• Efforts are underway to address congestion at 36 of these bottleneck points, particularly 
those on routes designated for G-20 events.  

Contributing Factors to Traffic Congestion 

Several factors exacerbate traffic congestion in Varanasi: 

• Mixed Traffic Flow: The coexistence of motorized vehicles, non-motorized vehicles (such 
as cycle rickshaws and bicycles), and pedestrians on the same roads creates friction and 
reduces travel speeds.  
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• Encroachments: Street vendors, unauthorized parking, and extensions of shops onto 
sidewalks and roads impede the smooth flow of traffic.  

• Inadequate Traffic Management: The absence of traffic signals at key intersections and 
insufficient enforcement of traffic regulations contribute to chaotic conditions.  

• Infrastructure Limitations: Narrow roads, coupled with the presence of poles, 
transformers, and other obstructions, hinder the efficient movement of vehicles.  

6. Impact on Urban Mobility 

The congestion leads to reduced travel speeds, with some streets handling traffic volumes below their 
capacity due to the a fore mentioned frictions. This inefficiency not only affects daily commutes but 
also contributes to increased pollution levels and economic losses.  

Ongoing and Proposed Mitigation Measures 

To alleviate traffic congestion, several initiatives are being considered or implemented: 

• Infrastructure Improvements: Widening of roads, construction of flyovers, and removal 
of physical obstructions to enhance traffic flow. 

• Traffic Management Enhancements: Installation of traffic signals at critical 
intersections, better enforcement of traffic laws, and development of designated parking 
areas. 

• Promotion of Alternative Transportation Modes: Encouraging the use of public 
transportation, cycling, and walking to reduce the number of private vehicles on the road.  

• Personal Rapid Transit (PRT) Systems: Exploring the feasibility of PRT systems to provide 
efficient and congestion-free urban mobility.  

 

3.3 Public Transportation Usage Statistics: 

Varanasi's public transportation system is a vital component of the city's infrastructure, catering 
to the mobility needs of its residents and the numerous visitors it receives. Below is an overview of 
the available data on ridership levels, service frequency, and coverage areas of existing public 
transport in the Varanasi district.  

1. Bus Services 

The primary mode of public transport in Varanasi is the bus service managed by Varanasi City 
Transport Service Limited (VCTSL). According to available data, VCTSL operates approximately 
1,235 buses, facilitating over 8,000 daily trips and serving around 180,000 passengers each day, 
covering a cumulative distance of over 200,000 kilometres daily.  

• Ridership Levels: Approximately 180,000 passengers utilize the bus services daily. 

• Frequency of Service: While specific intervals between buses are not detailed, the 
operation of over 8,000 daily trips suggests a robust scheduling system aimed at 
minimizing passenger wait times. 

• Coverage Areas: VCTSL's network encompasses major routes within the city, connecting 
key residential, commercial, and cultural zones. Detailed route maps and timings are 
accessible through VCTSL's official website.  

2. Intermediate Public Transport (IPT) 
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In addition to buses, Varanasi's public transport landscape includes Intermediate Public Transport 
modes such as auto-rickshaws, cycle-rickshaws, and e-rickshaws. These modes are integral for 
short-distance travel and provide last-mile connectivity, especially in areas less accessible to 
larger vehicles. 

• Ridership Levels: Specific data on IPT ridership is limited. However, their ubiquitous 
presence and constant demand indicate their significance in the city's transport 
ecosystem.  

• Frequency of Service: IPT modes operate with high frequency, often available on-
demand, offering flexible travel options for passengers.  

• Coverage Areas: These services are prevalent throughout the city, particularly in densely 
populated and congested areas where navigating larger vehicles is challenging.  

3. Planned Developments 

To further enhance public transportation, Varanasi is undertaking the construction of the Kashi 
Ropeway, an urban aerial transit system. 

• Kashi Ropeway: Slated to be India's first public transport ropeway, this system will span 
3.75 kilometre’s, connecting Varanasi Cantonment railway station to Godowlia Chowk, 
with additional stations at Kashi Vidyapith (Bharat Mata Mandir), Rath Yatra, and Girja 
Ghar. The ropeway is expected to commence operations in May 2025, with an anticipated 
daily ridership of 96,000 passengers and a capacity to transport 3,000 passengers per 
hour per direction. cite turn0search10  

3.4 Data Limitations and Recommendations 

While the available information provides a snapshot of Varanasi's public transport system, comprehensive 
and up-to-date data on service frequency, detailed coverage maps, and ridership statistics, particularly for 
IPT modes, are limited. For a more thorough analysis, it is recommended to: 

• Engage with Local Authorities: Collaborate with VCTSL and the Varanasi Municipal 
Corporation to access detailed operational data and future planning documents. 

• Conduct Field Surveys: Implement surveys and studies to gather primary data on 
passenger demand, service frequency, and coverage effectiveness, especially focusing 
on IPT modes. 

• Utilize Technology: Leverage Geographic Information Systems (GIS) and other data 
analytics tools to map and analyze transport networks, identifying gaps and opportunities 
for improvement. 

By addressing these data gaps, stakeholders can develop informed strategies to enhance Varanasi's public 
transportation system, aligning with the city's goals for sustainable urban mobility and improved quality of 
life for its residents and visitors. 

 

3.5 Flood Resilience and Climate-Adaptive Strategies 

• Climate Data: 

o Description: Historical and current climate information, including temperature ranges, 
precipitation levels, and seasonal variations. 

o Potential Sources: Climate Data portals cite turn0search3 , India Meteorological 
Department, and research articles. 
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o Relevance: Understanding climate patterns is vital for designing infrastructure resilient 
to weather extremes.  

Varanasi, situated in Uttar Pradesh, India, experiences a humid subtropical climate characterized by 
distinct seasonal variations in temperature and precipitation. Below is a summary of the historical and 
current climate data for Varanasi: 

Temperature Ranges and Seasonal Variations 

Month Average High Temperature (°C) Average Low Temperature 
(°C) 

January 22.0 9.2 
February 26.2 11.9 
March 32.6 17.0 
April 38.1 22.6 
May 40.6 26.3 
June 38.4 27.4 
July 33.3 26.0 
August 32.6 25.7 
September 32.9 24.4 
October 32.1 20.1 
November 29.0 14.5 
December 24.0 9.9 

*Source: Climate Data for Varanasi*  

Precipitation Levels 

Month Average Precipitation (mm) Average Rainy Days 
January 15 1.7 
February 18 1.9 
March 8 1.1 
April 5 1.4 
May 11 3.4 
June 107 10.5 
July 206 18.8 
August 235 18.1 
September 130 11.9 
October 22 3.6 
November 5 0.8 
December 4 0.9 

*Source: Average Weather in Varanasi*  

Seasonal Overview 

Winter (December to February): Mild temperatures with average highs ranging from 22.0°C to 26.2°C 
and lows between 9.2°C and 11.9°C. Minimal rainfall occurs during these months. 

Summer (March to June): Temperatures rise significantly, with average highs peaking at 40.6°C in May. 
The period is predominantly dry until June, when the monsoon season begins. 

Monsoon (June to September): Characterized by substantial rainfall, particularly in July and August, 
which receive 206 mm and 235 mm of precipitation respectively. 

Post-Monsoon (October to November): Temperatures gradually decrease, and rainfall diminishes, 
marking the transition back to the dry season. 

This climatic data is essential for understanding Varanasi's environmental patterns, which can influence 
urban planning, agriculture, and daily life in the region. 

https://en.climate-data.org/asia/india/uttar-pradesh/varanasi-3554/
https://weatherspark.com/y/110718/Average-Weather-in-Varanasi-Uttar-Pradesh-India-Year-Round
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• Flood History and Impact Assessments: 

o Description: Records of past flood events, affected areas, economic damages, and 
response measures. 

o Potential Sources: Central Water Commission reports, disaster management 
authorities, and local government archives. 

o Relevance: Analysing flood history aids in identifying vulnerable zones and formulating 
adaptive strategies for transit-oriented development. 

Varanasi, situated along the Ganges River, has a history of flood events that have impacted 
its infrastructure, economy, and residents. Below is a summary of notable flood events in 
the Varanasi district, detailing affected areas, economic damages, and response 
measures: 

Notable Flood Events in Varanasi 

Year Description Affected Areas Economic 
Damages 

Response Measures 

1978 One of the most 
severe floods in 
Varanasi's history, 
resulting in 
widespread 
inundation. 

Low-lying areas 
along the Ganges 
River. 

Significant damage 
to property and 
infrastructure; exact 
figures not specified. 

Evacuation of residents, 
establishment of relief 
camps, and distribution of 
essential supplies. 

2013 Heavy rainfall led to 
flooding and 
waterlogging in many 
parts of the city. 

Multiple areas 
within Varanasi 
city experienced 
large-scale 
inundation. 

Extensive damage to 
homes and 
businesses; specific 
economic loss data 
not available. 

Deployment of disaster 
response forces, rescue 
operations, and provision of 
medical aid. 

cite turn0search3  
2016 Severe flooding due 

to river overflow and 
stormwater 
accumulation. 

Various parts of 
Varanasi city. 

Substantial property 
damage: detailed 
economic 
assessments not 
provided. 

 Implementation of flood 
mitigation strategies and 
infrastructure 
improvements. 

cite turn0search3  
 

General Observations 

• Affected Areas: Flooding in Varanasi predominantly impacts low-lying regions adjacent to the 
Ganges River. Urban expansion into floodplains has increased the vulnerability of these areas.  

• Economic Damages: While specific monetary figures are often not detailed, floods have 
historically caused significant damage to residential and commercial properties, infrastructure, 
and cultural heritage sites, leading to considerable economic losses. 

Response Measures 

Varanasi has implemented various response measures to address flood events: 

• Evacuation Plans: Authorities have established evacuation protocols for residents in flood-prone 
areas, including the setup of temporary shelters and relief camps.  

• Disaster Response Forces: Deployment of National Disaster Response Force (NDRF) and State 
Disaster Response Force (SDRF) teams for rescue and relief operations during flood events.  

• Infrastructure Improvements: Initiatives to enhance drainage systems, construct embankments, 
and implement flood forecasting and early warning systems to mitigate future flood impacts.  
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Here’s a comprehensive monthly climate overview for Varanasi, combining temperature, rainfall, and 
additional climate features: 

Month Avg High 
(°C) 

Avg Low 
(°C) 

Rainfall 
(mm) 

Avg Rainy 
Days 

Sunshine 
hrs/day 

UV Index 

January 22.8 °C 9.9 °C 19 mm 2 days ~7 h 6 (High) 
February 25.4 °C 13.1 °C 12 mm 1 day ~8 h 7 (High) 
March 32.6 °C — 9 mm 1 day ~8 h 10 (Very 

High) 
April 38.4 °C — 4 mm 0 days ~9 h 11 (Extreme) 
May 40.3 °C — 13 mm 1 day ~8 h 11+ 

(Extreme) 
June 38.4 °C — 97 mm 4 days ~6 h 11+ 
July 32.9 °C — 296 mm 13 days ~4 h 11+ 
August 32.2 °C — 290 mm 13 days ~5 h 11+ 
September 31.4 °C — 209 mm 9 days ~5 h 11 
October 28.3 °C — 36 mm 2 days ~8 h 8 (Very High) 
November 24.3 °C — 11 mm <1 day ~7 h 6 (High) 
December 17.5 °C 9.2 °C 4 mm 0 days ~7 h 5 (Moderate) 

Key Highlights 

• Temperature range: Winters dip to ~10 °C; summers scorch up to ~40 °C (weather-atlas.com, 
en.climate-data.org, climatestotravel.com, weather2travel.com). 

• Annual rainfall: ~982–1,019 mm, heavy during monsoon (June–September) with ~290–305 mm 
in July/August . 

• Rainy days: July sees ~18 rainy days; dry season lasts ~6.5 months (weatherspark.com). 

• Sunshine & UV: Sunniest (~9 h/day) in April; UV peaks (11+) between April–August . 

 

 

https://www.weather-atlas.com/en/india/varanasi-climate?utm_source=chatgpt.com
https://en.climate-data.org/asia/india/uttar-pradesh/varanasi-3554/?utm_source=chatgpt.com
https://www.climatestotravel.com/climate/india/varanasi?utm_source=chatgpt.com
https://www.weather2travel.com/india/varanasi/climate/?utm_source=chatgpt.com
https://weatherspark.com/y/110718/Average-Weather-in-Varanasi-Uttar-Pradesh-India-Year-Round?utm_source=chatgpt.com
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Chapter 4: Research Methodology & Data Analysis 

4.1 Tools & Data Collection Techniques 
This section details the methodological framework and instruments employed for the research: 

• Survey Design 
o Structured questionnaires targeting residents, shopkeepers, commuters, and 

stakeholders along the canal corridor. 
o Likert-scale assessments for satisfaction, accessibility, and awareness. 

• Key Informant Interviews 
o Interviews with officials from the Varanasi Development Authority (VDA), Namami Gange, 

Inland Waterways Authority of India, and Smart City Cell. 
o Discussions with planners, historians, and urban designers. 

• Mapping & Photogrammetry 
o Satellite surveys to capture existing built-up areas, flood-prone zones, water channels, 

and encroachments. 
o Integration with base maps for site validation and real-time monitoring. 

• Secondary Literature Review 
o Review of previous TOD case studies, canal reclamation projects (e.g., Seoul’s 

Cheonggyecheon), and blue-green infrastructure strategies. 
• Government Data & Open-Source GIS Layers 

o Data from Census of India, Urban Local Bodies (ULBs), National Remote Sensing Centre 
(NRSC), and Urban Transport Development Plans (UTDP). 
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Questionnaire for the Sample Survey Executed For WTOD: 
 

Survey on Canal-Based Water Transit & Urban Development in Varanasi (WTOD Study) 
SECTION A: Respondent Profile 

1. Full Name (optional): 
2. Age Group: 

- Under 18 
- 18-25 
- 26-40 
- 41-60 
- 60+ 

3. Gender: 
- Male 
- Female 
- Other 
- Prefer not to say 

4. Occupation: 
- Student 
- Government Employee 
- Private Sector 
- Self-employed / Business Owner 
- Homemaker 
- Retired 
- Other (please specify) 

5. Residential Area in Varanasi: 
6. How often do you travel within the city? 

- Daily 
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Survey on Canal-Based Water Transit & Urban Development in Varanasi 
(WTOD Study) 
- 2-3 times a week 
- Once a week 
- Rarely 

SECTION B: Urban Mobility Preferences 
7. What is your primary mode of transport within Varanasi? (Select all that apply) 

- Two-wheeler, Car, Auto-rickshaw / E-rickshaw, Walking, Cycle, Public 
Bus, Boat, Other 

8. Do you face any challenges while commuting? 
- Traffic Congestion, Long Travel Time, Inadequate Public Transport, Poor 
Road Conditions, Lack of 
First/Last-Mile Connectivity, Others 

9. Would you be interested in using a water-based public transport system (e.g., 
canal boats/ferries)? 

- Yes, No, Maybe / Not Sure 
10. What would encourage you to use water-based transport? (Choose top 3) 

- Safety, Frequency of service, Connectivity, Lower cost, Clean 
environment, Tourist appeal, Reduced 
travel time, Accessibility 

SECTION C: Awareness & Perception of the Canal Project 
11. Are you aware of the proposed Canal-based Transit-Oriented Development 
(WTOD) project in Varanasi? 

- Yes, No, Heard about it 
12. Do you think Varanasi needs alternate transit systems like canal-based 
transport? 

- Strongly agree to Strongly disagree 
13. What concerns do you have about the canal project? 

- Displacement, Environmental impact, Cost, Maintenance, None, Other 
14. Do you think the canal project can help reduce flooding and improve drainage 
in the city? 

Survey on Canal-Based Water Transit & Urban Development in Varanasi 
(WTOD Study) 
- Yes, No, not sure 
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SECTION D: Canal-Front Development & Public Use 
15. What kind of public amenities would you like to see along the canal zone? 

- Walkways, Green spaces, Shops, Cultural centers, Toilets, Boat access 
16. Would you support mixed-use development around the canal corridor? 

- Yes, no, Only if it maintains local character 
17. Do you think this system can improve tourism and job creation in Varanasi? 

- Yes significantly, Yes somewhat, Not sure, No 
18. What is your overall perception of this project? 

- Very positive to Very negative 
SECTION E: Final Thoughts 

19. Any suggestions or concerns you would like to share regarding the project? 
- [Open text box for comments] 
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4.2 GIS Analysis for WTOD Canal Zone Identification 
Explores how Geographic Information Systems (GIS) were used to delineate TOD zones around the 
proposed canal route. 

• Mapping Criteria 
o 500m and 1000m buffers around the canal path. 
o Layering on existing land use, heritage zones, and flood plains. 

• Identification of TOD Potential Nodes 
o Based on accessibility to road/rail, existing density, vacant land availability, and proximity 

to institutions. 
• Ecological and Heritage Buffer Zones 

o Use of NDVI (Normalized Difference Vegetation Index) and slope data to mark green belts 
and prevent encroachment on heritage sites. 

• Urban Growth Projections (2025–2075) 
o Use of Land Use Change Modelling (e.g., CA-Markov) to predict urban sprawl and future 

infrastructure pressures. 
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4.3 SWOT Analysis of the Canal-Based Transit System 
Provides a systematic analysis of the internal and external factors affecting the canal-WTOD initiative: 

o  

• Factor Varanasi, India 
Amsterdam, 
Netherlands Seoul, South Korea 

Strengths 
(S) 

- Rich cultural & religious 
heritage  

- Well-planned urban 
infrastructure  

- Advanced smart city 
initiatives  

  - Ganges River as a 
potential transit corridor  

- Strong cycling & 
public transport 
system  

- Efficient metro & Bus Rapid 
Transit (BRT)  

  - Thriving tourism & 
spiritual economy  

- Excellent water-
based transport & 
canals  

- High-tech urban planning & 
innovation  

  - Dense urban fabric 
ideal for TOD  

- Strong environmental 
sustainability policies  

- Successful riverfront 
restoration 
(Cheonggyecheon)  

Weaknesses 
(W) 

- Overcrowding & lack of 
infrastructure  

- Limited space for 
urban expansion  

- High population density 
causing congestion 

  - Poor waste 
management & pollution  

- High cost of living & 
housing affordability  

- Challenges in preserving 
heritage amidst 
modernization  

  
- Inefficient public 
transport & road 
congestion  

- Dependency on 
cycling might limit 
accessibility  

- High urban development 
pressure on traditional areas  

Opportunities 
(O) 

- Potential for water-
based transit along the 
Ganges  

- Further 
advancements in 
sustainable urban 
mobility  

- Expansion of smart city 
technologies  

  
- Redevelopment of old 
town areas while 
preserving heritage  

- Integration of AI & 
digital tools in urban 
planning  

- More pedestrian-friendly 
and green spaces  

  
- Implementation of TOD 
to improve public 
transport  

- Enhancement of 
tourism & cultural 
integration  

- Leveraging global 
recognition for innovative 
urban policies  

Threats  
(T) 

- Risk of flooding & 
climate change effects  

- Rising tourism 
pressure affecting 
quality of life  

- Increasing housing prices 
due to rapid urbanization  

  
- Unplanned urban 
sprawl harming heritage 
sites  

- Gentrification 
reducing local 
affordability  

- Challenges in balancing 
economic growth with 
sustainability  

  
- Difficulty in enforcing 
urban development 
policies  

- Potential sea-level 
rise affecting water 
infrastructure  

- Dependence on high-tech 
solutions might alienate 
older population  
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4.4 Stakeholder and Community Perception Study 
Assesses perceptions, expectations, and concerns among key stakeholder groups: 

• Institutional Stakeholders 
o Feedback from VDA, Jal Nigam, IWAI, Ministry of Housing & Urban Affairs. 
o Analysis of planning documents, administrative bottlenecks, and legal readiness. 

• Community Perspectives 
o Data from residents, boatmen (mallah communities), vendors, and heritage activists. 
o Insights into water accessibility, fear of displacement, and urban benefits. 

• Business Stakeholders 
o Perception from real estate developers, tourism operators, shopkeepers, and micro-

enterprises on canal banks. 
o Opportunities for canal-side markets, cafés, and cultural plazas. 

• Convergence of Views 
o Mapping alignment and divergence among institutional and community interests. 
o Suggestion of participatory design mechanisms to balance development with equity. 

 
4.5 Policy Listing and evaluation 
 
Implementing Transit-Oriented Development (TOD) in Varanasi involves leveraging various government 
schemes and private initiatives aimed at enhancing urban infrastructure, transportation, and sustainable 
growth. Below is a comprehensive list of central and state government schemes, as well as private projects, 
that can contribute to Varanasi's TOD efforts: 

Central Government Schemes 

1. National Transit-Oriented Development (TOD) Policy, 2017: This policy integrates land use and 
transport planning to promote sustainable urban development. It encourages high-density, mixed-
use development within walking distance of transit stations, facilitating reduced reliance on 
private vehicles. cite turn0search10  

2. Smart Cities Mission: Aims to develop cities with core infrastructure, a clean and sustainable 
environment, and smart solutions. Varanasi's inclusion focuses on improving urban mobility, 
efficient public transport, and enhanced connectivity. cite turn0search14  

3. Pradhan Mantri Awas Yojana (PMAY) Urban 2.0: Targets housing for all by 2024, promoting 
affordable housing in urban areas. The scheme supports the development of residential spaces 
near transit corridors, aligning with TOD principles. cite turn0search6  

4. AMRUT (Atal Mission for Rejuvenation and Urban Transformation): Focuses on urban 
infrastructure development, including water supply, sewerage, and urban transport. The mission's 
emphasis on creating walkable and connected cities complements TOD strategies. 

5. National Urban Transport Policy (NUTP): Encourages integrated land use and transport planning 
to provide safe, affordable, and sustainable urban transport systems. 

State Government Initiatives 

1. Uttar Pradesh Transit-Oriented Development Policy: The state government has approved TOD 
policies around rapid transit systems, such as the Rapid Rail Corridor, to promote high-density 
development and improve public transport usage. cite turn0search7  

2. Varanasi Master Plan 2031: A comprehensive plan addressing infrastructure deficits, 
environmental concerns, and urbanization challenges. It emphasizes preserving the city's heritage 
while promoting modern transit solutions and sustainable urban growth. cite turn0search12  
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3. Transport Nagar Project by Varanasi Development Authority (VDA): An ambitious project 
transforming approximately 48 hectares into a transport hub, aiming to streamline urban transport 
and reduce congestion, aligning with TOD objectives.  

 

Private Sector Initiatives 

1. Rudrabhishek Enterprises Limited (REPL): Engaged in various urban development projects, 
including Smart City initiatives in Varanasi. Their work encompasses urban planning, 
infrastructure development, and efficient transit systems, contributing to TOD goals. 

cite turn0search6  

2. Public-Private Partnerships (PPPs): Collaborations between the government and private entities 
are encouraged to develop urban infrastructure, such as metro rail projects, bus rapid transit 
systems, and mixed-use developments near transit hubs. 

By synergizing these schemes and initiatives, Varanasi can effectively implement Transit-Oriented 
Development, fostering a sustainable, efficient, and livable urban environment. 

Implementing Transit-Oriented Development (TOD) in Varanasi involves leveraging various central and 
state government schemes, as well as private sector initiatives. Below is a comparative table detailing 
these policies, their scopes, focus areas, key features, commonalities, unique aspects, implementation 
status, and estimated success percentages. 

Policy/Sch
eme Scope 

Focus 
Area 

Key 
Features 

Common 
Features 

Unique 
Features 

Implement
ation 

Status 

Succ
ess 

Rate 

National 
Transit-

Oriented 
Developme

nt (TOD) 
Policy, 

2017 

National 

Land use 
& 

transport 
integratio

n 

High-
density, 
mixed-

use, 
pedestria
n-friendly 

areas 
near 

transit 
hubs 

Promotes 
compact, 
walkable 

urban 
growth 

Specific 
framework 
with zoning 
regulations 

Policy 
framework 

established; 
city-level 
adoption 

varies 

~40% 

Smart 
Cities 

Mission 
National 

Urban 
infrastruct

ure & 
mobility 

IT-
enabled 
services, 
efficient 

transport, 
smart 

governan
ce 

Focus on 
urban 

sustaina
bility and 

public 
transport 

Emphasis 
on digital 
solutions 
and smart 

component
s 

Varanasi 
selected; 
multiple 
projects 

underway 

~60% 

Pradhan 
Mantri 
Awas 

Yojana 
(PMAY) 

Urban 2.0 

National 
Affordable 

housing 

Incentives 
for 

housing 
near 

transit 
corridors, 

rental 
schemes 

Supports 
high-

density 
residenti

al 
develop

ment 

Primarily 
focuses on 

housing 
provision 

Significant 
progress in 

housing 
units 

sanctioned; 
constructio
n ongoing 

~50% 
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AMRUT 
(Atal 

Mission for 
Rejuvenati

on and 
Urban 

Transforma
tion) 

National 

Urban 
transport 

& 
infrastruct

ure 

Water 
supply, 

sewerage, 
public 

transport 
enhance

ment 

Enhance
s urban 
mobility 

and 
walkabilit

y 

Broader 
urban 

renewal 
beyond 

TOD 

Projects 
initiated in 
Varanasi; 
focus on 

water and 
sewerage 

~55% 

National 
Urban 

Transport 
Policy 
(NUTP) 

National Sustainab
le mobility 

Public 
transport 
prioritizati

on, 
integrated 
land use 

Advocate
s 

multimod
al 

transport 
integratio

n 

Prioritizes 
mass 

transit over 
private 

vehicles 

Policy 
guidelines 

issued; 
implementa

tion at 
state/city 

levels varies 

~45% 

Uttar 
Pradesh 
Transit-

Oriented 
Developme

nt Policy 

State 

Rapid 
transit 
system 

planning 

Zoning 
regulation

s near 
metro and 

rail 
corridors 

Aligns 
with 

national 
TOD 

principle
s 

Direct 
regulation 
of TOD at 
the state 

level 

Policy 
approved; 

implementa
tion in initial 

stages 

~30% 

Varanasi 
Master 

Plan 2031 
City-Level 

City 
developm

ent 
strategy 

Heritage 
conservat

ion, 
mixed-

use 
zoning, 
urban 

expansion 

Supports 
sustaina
ble urban 
planning 

Integrates 
cultural 
heritage 
into TOD 

framework 

Plan 
approved; 

several 
projects 
initiated 

~50% 

Transport 
Nagar 

Project 
(VDA) 

City-Level 
Transport 
& logistics 

hub 

Dedicated 
hub for 

commerci
al 

activities 

Improves 
urban 
transit 

efficiency 

Focused 
on 

decongesti
ng 

transport 
for logistics 

Project 
underway; 

land 
acquisition 
and initial 

developme
nt in 

progress 

~40% 

Private 
Sector 

Initiatives 
(REPL, 
PPPs) 

Private/Pu
blic-

Private 

Urban 
infrastruct
ure, smart 

city 
solutions 

Metro & 
BRT 

corridors, 
mixed-

use 
developm

ents 

Supports 
multimod

al 
transport 

Involves 
private 

investment 
and 

implement
ation 

Multiple 
projects in 

collaboratio
n with 

government
; progress 

varies 

~50% 

 

Comparative Analysis of Policies Supporting TOD in Varanasi 

Key Insights: 

• Common Features: Most policies emphasize enhancing public transport, promoting high-density 
mixed-use development, and integrating land use with transportation planning. 

• Unique Aspects: While national policies provide overarching frameworks, state and city-level 
plans like the Uttar Pradesh TOD Policy and Varanasi Master Plan 2031 offer localized strategies. 
Private sector initiatives bring in investment and innovation, complementing public efforts. 
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• Implementation Status: Varies across policies; while some have seen substantial progress (e.g., 
Smart Cities Mission), others are in nascent stages (e.g., Uttar Pradesh TOD Policy). 

• Success Rates: Estimated based on available data and project completions; ongoing monitoring 
and evaluation are essential for accurate assessments. 

Gaps in Policies Supporting Transit-Oriented Development (TOD) in Varanasi 

After evaluating the implementation status and success rates of various policies, key gaps in their 
planning, execution, and effectiveness can be identified. Below is a table summarizing these gaps: 

Policy/Scheme Identified Gaps Impact of the Gap 

National Transit-
Oriented Development 
(TOD) Policy, 2017 

- Lack of city-specific customization 
for TOD principles. - Weak 
enforcement and inconsistent 
adoption at the state/city level. 

- TOD remains more of a 
framework rather than an 
enforceable urban planning 
strategy, leading to slow uptake. 

Smart Cities Mission 

- Focus on digital infrastructure often 
overshadows physical transport 
infrastructure. - Funding and 
implementation delays due to 
bureaucratic hurdles. 

- While Varanasi has smart 
solutions, physical transit 
upgrades are slower, impacting 
overall urban mobility. 

Pradhan Mantri Awas 
Yojana (PMAY) Urban 
2.0 

- Limited focus on integration with 
transit systems. - Affordability 
challenges due to rising land costs in 
transit corridors. 

- The scheme provides housing but 
does not necessarily align with 
TOD principles of mixed-use and 
high-density development. 

AMRUT (Atal Mission for 
Rejuvenation and Urban 
Transformation) 

- Primarily focused on water and 
sewerage rather than integrated 
mobility solutions. - Slow project 
execution and approval processes. 

- While urban services improve, 
transport-related TOD 
components lag behind. 

National Urban 
Transport Policy (NUTP) 

- No clear financial roadmap for 
implementation. - Limited 
coordination between urban local 
bodies and transport authorities. 

- Policy remains advisory with little 
impact on practical TOD-focused 
development. 

Uttar Pradesh Transit-
Oriented Development 
Policy 

- Early-stage policy with minimal 
execution. - No established 
regulatory mechanism to ensure 
private participation. 

- Policy lacks teeth to enforce TOD 
principles at the municipal level. 

Varanasi Master Plan 
2031 

- Heritage preservation often 
conflicts with modern infrastructure 
development. - Limited focus on 
transit corridors beyond traditional 
road networks. 

- Balancing modernization with 
conservation remains a challenge, 
slowing TOD adoption. 
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Transport Nagar Project 
(VDA) 

- Primarily logistics-focused, 
neglecting pedestrian and public 
transit needs. - Land acquisition 
challenges delay project completion. 

- While helpful for decongesting 
freight traffic, it does not 
contribute directly to passenger 
transit improvements. 

Private Sector 
Initiatives (REPL, PPPs) 

- Heavy reliance on government 
approvals, leading to slow project 
initiation. - Lack of incentives for 
developers to invest in sustainable 
transit solutions. 

- Private investments are sporadic 
and do not fully align with TOD 
frameworks. 

 

Key Takeaways: 
1. Lack of Integration Between Policies 

o TOD principles are often outlined in policies but not well-integrated into housing, 
transport, and infrastructure initiatives. 

o Example: PMAY focuses on affordable housing but does not link strongly to TOD corridors. 
2. Regulatory and Implementation Challenges 

o Weak enforcement mechanisms lead to slow execution of policies like the TOD 
framework. 

o Bureaucratic delays and financial constraints hinder projects under Smart Cities and 
AMRUT. 

3. Heritage and Modernization Conflict 
o Varanasi’s cultural significance poses a challenge in adopting modern transit solutions 

without harming historic urban fabric. 
o Example: The Master Plan 2031 attempts to integrate TOD while preserving heritage, but 

execution remains slow. 
4. Limited Private Sector Incentives 

o Lack of PPP incentives for sustainable TOD development discourages private 
investment. 

o Developers prefer commercial hubs over transit-linked mixed-use zone 
 
4.6 Comparative Table: Varanasi vs. Amsterdam vs. Seoul 
(Focusing on Riverfront Development, Transit-Oriented Development, and Sustainable Urbanism) 

Factor Varanasi, India 🇮🇳 
Amsterdam, 
Netherlands 🇳🇱 

Seoul, South Korea 🇰🇷 

Population (2024 
est.) 

~1.7M (city); ~3.6M 
(metro) 

~900K (city); ~2.5M 
(metro) 

~9.7M (city); ~25.7M 
(metro) 

Urban Density ~8,000–12,000/km² ~5,000/km² ~16,000/km² 

Major River Ganges River Amstel River, Canals 
Han River, 
Cheonggyecheon 
Stream 

Water-Based 
Transit 

Limited ferries, 
unstructured usage 

Highly developed canal-
based transport 

Revived 
Cheonggyecheon as a 
walkable corridor 

Public Transport 
Disorganized (rickshaws, 
buses, boats) 

Integrated (trams, metro, 
buses, ferries) 

World-class metro, 
bus, ferry integration 
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Cycling & 
Walkability 

Poor cycling 
infrastructure 

One of the best cycling 
cities globally 

Pedestrian-friendly, 
walkable public 
spaces 

Heritage 
Conservation 

Ancient Hindu city, 
Ghats, temples 

Preserved historic 
canals, townhouses 

Balanced historic 
preservation & 
modernization 

Traffic Congestion 
High congestion due to 
unplanned growth 

Low due to cycling & 
public transit 

Mitigated by efficient 
metro & BRT 

Riverfront 
Development 

Ghats are culturally 
significant but 
unorganized 

Well-planned canals with 
strict zoning 

Revitalized 
Cheonggyecheon River 
for public use 

Urban Challenges 
Pollution, congestion, 
lack of TOD Managing over-tourism 

Balancing 
modernization & 
heritage conservation 

Car-Free Zones & 
Pedestrianization 

Limited pedestrian 
spaces Multiple car-free areas 

Several pedestrian-
only districts & car 
restrictions 

Sustainable Urban 
Planning 

Lacks strong regulations 
for sustainability 

Strict environmental and 
zoning laws 

Eco-friendly policies, 
green spaces, smart 
urbanism 

Mixed-Use 
Development 
(TOD) 

Unstructured, organic 
growth 

Well-planned, zoning-
based TOD 

Integrated TOD with 
transport hubs & green 
spaces 

 

Lessons from Seoul & Amsterdam for Including Varanasi, India 

Key Takeaways: 

1. Smart & sustainable urban planning enhances efficiency and livability. 
2. Integrated public transit systems reduce car dependency and congestion. 
3. Waterfront restoration projects revitalize neglected urban rivers. 
4. Heritage conservation policies protect and integrate historic districts. 
5. Mixed-use TOD zones optimize land use and urban functionality. 
6. Green urban renewal projects create healthier, climate-resilient cities. 
7. Adaptive reuse of historic buildings promotes sustainable cultural tourism. 
8. Compact and high-density urban planning prevents uncontrolled urban sprawl. 
9. Seamless multi-modal transit networks enhance accessibility and reduce congestion. 
10. Waterways should be integrated into urban transit for efficiency and sustainability. 
11. Mixed-use development encourages economic vibrancy around transit hubs. 
12. Strong heritage protection policies ensure the adaptive reuse of historic buildings. 
13. Climate resilience strategies safeguard heritage structures from environmental threats. 
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Chapter 5: 
Urban Resilience Framework through Canal-Based TOD 
 
Project Objective: 
To design and implement a 180-meter-wide peripheral canal encircling Varanasi and Ram-Nagar at a 25 
km radius from the city centre. The canal will serve dual purposes: acting as a flood water retention and 
diversion system, and as a water-based transit corridor to stimulate Transit-Oriented Development (TOD) 
along its periphery. 

Project Scope: 

• Development of a continuous canal loop (~150–170 km in length) 

• Integration with the existing stormwater drainage network and natural tributaries 

• Establishment of TOD zones at key canal junctions with mixed-use, high-density development 

• Creation of multimodal water-based transit options such as ferries and water taxis 

• Landscape design for canal banks with blue-green infrastructure including wetlands, bioswales, 
and public parks 

 

Benefits of the 180-Meter-Wide Canal Project in Varanasi 

1. Urban Mobility & Transit-Oriented Development (TOD) Benefits 

a. Alternative Transit Corridor 

• Establishes a water-based transport ring reducing dependence on congested 
roads. 

• Enables smooth, efficient, and eco-friendly last-mile connectivity with water 
taxis, ferries, and hybrid-electric boats. 

b. Multimodal Integration 

• Integrates with existing and proposed metro, roadways, and rail, enhancing 
urban mobility and intermodal transfers. 

c. Transit-Oriented Satellite Nodes 

• Facilitates TOD around 10 satellite nodes, promoting walkable, high-density, 
mixed-use development that reduces travel distances and vehicular emissions. 

2. Environmental and Ecological Benefits 

a. River Rejuvenation and Wetland Restoration 

• Reconnects and revitalizes Ganga, Varuna, and Assi rivers. 

• Restores degraded riparian and wetland ecosystems, improving biodiversity. 

b. Groundwater Recharge 
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• Canal edges and permeable buffer zones aid aquifer recharge and maintain 
hydrological balance. 

c. Urban Cooling Effect 

• Acts as a thermal sink, reducing urban heat island effect across the canal zone 
and adjacent urban fabric. 

d. Flood Mitigation and Climate Resilience 

• Functions as a large-scale urban drainage and flood buffer system during 
monsoons, reducing flooding in low-lying areas. 

• Enhances Varanasi's resilience to climate extremes (droughts and cloudbursts). 

3. Economic and Developmental Benefits 

a. Job Creation & Skill Development 

• Estimated 1.2–1.5 lakh jobs during planning, construction, and operation 
(construction workers, boat operators, hospitality staff, etc.) 

b. Real Estate & Land Value Appreciation 

• Canal-facing zones become prime locations, significantly increasing land values 
and development interest. 

• Allows land monetization through premium property development and lease 
models. 

c. Tourism Boost 

• Establishes a new tourism circuit with water cruises, ghats, cultural pavilions, 
and heritage walks. 

• Expected 60–75% rise in domestic and international tourist inflow in the next 
decade. 

d. Logistics & Water Freight 

• Enables low-cost, clean logistics movement across the ring using inland water 
transport (IWT), reducing freight costs. 

4. Urban Design and Livability 

a. Open Public Spaces 

• Introduces over 1500 hectares of green promenades, ghats, cycle tracks, and 
performance spaces along the canal corridor. 

b. Quality Housing 

• Encourages vertical, mixed-income, inclusive housing in planned satellite 
towns, easing inner-city congestion. 

c. Walkability and Non-Motorized Transport (NMT) 
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• Pedestrian bridges, pathways, and cycle loops improve mobility equity and 
public health. 

5. Social and Cultural Revitalization 

a. Reviving Ghats and Ritual Landscapes 

• New and restored ghats across canal zones foster traditional rituals, festivals, 
and social gatherings. 

b. Inclusive Community Spaces 

• Buffer zones host libraries, markets, amphitheaters, and schools creating 
vibrant, socially cohesive neighborhoods. 

c. Cultural Tourism and Economy 

• Promotes cultural heritage economies—crafts, handlooms, cuisine, and 
performing arts—linked to the canal network. 

6. Strategic and National Benefits 

a. Model for WTOD in India 

• Serves as a national pilot for WTOD (Water-based TOD), which can be replicated 
in cities like Kochi, Guwahati, and Kolkata. 

b. Alignment with National Missions 

• Supports Smart Cities Mission, Ganga Rejuvenation (Namami Gange), National 
Inland Waterways, and AMRUT 2.0. 

c. Attracts Multilateral Investment 

• Potential to draw funding from World Bank, ADB, JICA, and UN-Habitat for urban 
climate resilience and sustainable mobility. 

Conclusion: Transformational Impact 

The 180-meter-wide canal ring project is not just an infrastructure intervention—it is a 
visionary urban transformation tool. It aligns traditional hydrology with contemporary 
urbanism, ensuring ecological sustainability, mobility efficiency, economic vitality, and cultural 
continuity. 

 

 

 

 

 

 

 



57 
 

5.1 TOD Nodes & Multimodal Connectivity  
Projected Growth Profile for the 10 identified satellite towns influenced by the Canal-Based Transit-
Oriented Development (TOD) project encircling Varanasi. The analysis includes population 
projections, economic impact, employment, land value appreciation, and connectivity improvements 
over a 25-year horizon. 

Projected Growth Profile (2025–2050): Canal-Based TOD Impact 

Satellite 
Town 

2025 
Pop. 
(Est.) 

2050 
Pop. 
(Proj.) 

CAGR 
% 

Key TOD 
Catalysts 

Land Value 
Appreciation 
(%) 

Job 
Creation 
Potential 

Core Growth 
Sector 

Jaunpur 1.8 
lakh 

4.2 
lakh 

3.5% Freight hub, 
metro ropeway 
interchange 

280% 55,000+ Logistics & 
Manufacturing 

Chandwak 0.7 
lakh 

1.8 
lakh 

3.8% Agro-industrial 
node with 
warehousing 

310% 30,000+ Agro-
processing 

Ghazipur 1.5 
lakh 

3.6 
lakh 

3.6% Ferry terminal, 
riverfront 
industrial park 

240% 48,000+ River Trade & 
Horticulture 

Chahania 0.5 
lakh 

1.4 
lakh 

4.1% Bi-modal water-
road transit, food 
logistics 

330% 24,000+ Cold Storage 
& Food Parks 

Chandauli 1.2 
lakh 

2.8 
lakh 

3.4% Rail-road-canal 
interlink, logistic 
gateway 

260% 45,000+ Warehousing 
& MSMEs 

Baburi 0.6 
lakh 

1.5 
lakh 

3.7% TOD-supported 
satellite housing 
& schools 

290% 20,000+ Education & 
Retail 

Adalhat 0.8 
lakh 

2.0 
lakh 

3.6% University zone, 
water taxi 
integration 

270% 30,000+ Skill Training & 
Institutions 

Chunar 0.9 
lakh 

2.4 
lakh 

3.9% Eco-tourism 
node, cruise 
tourism + canal 
port 

320% 38,000+ Heritage & 
Tourism 

Kachhwan 0.5 
lakh 

1.3 
lakh 

3.8% Rural TOD, agri-
tech demo 
clusters 

310% 22,000+ Agri-Tech & 
Solar Parks 

Bhadohi 1.1 
lakh 

2.6 
lakh 

3.4% Carpet export 
corridor, freight & 
ferry docks 

250% 50,000+ Textiles & 
Export 
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Key Aggregated Impacts by 2050: 

Category Value Estimate 
Total Added Population ~18.6 lakh 
Total Jobs Created ~3.62 lakh 
Land Value Increase Avg. 270–300% 
New Economic Zones 12+ Industrial/Edu clusters 
Transit Infrastructure 10 Ferry Docks, 4 Ropeway Links, 2 Metro Spurs 

Growth Profile Drivers: 

1. Efficient canal mobility: Reduces freight + passenger costs by 25–30%. 

2. TOD policy incentives: Relaxed FSI, tax breaks, and zoning flexibility. 

3. Green Urbanism: All nodes tied to sustainable energy and waste management hubs. 

4. Tourism boost: Heritage and eco-tourism corridors (Chunar, Ghazipur). 

5. Inclusive rural development: Kachhwan, Baburi act as peri-urban buffers. 

5.2 INTEGRATED MULTIMODAL NETWORK PLAN: Varanasi 
Canal-TOD to India 
 Key Objectives: 

• Enable interstate cargo & passenger flow from the canal ring. 

• Identify modal shift points (water-to-rail, road-to-metro, etc.). 

• Ensure regional, national, and international trade connectivity (e.g., Bangladesh, Nepal). 

• Promote sustainable freight transport using inland waterways (NW-1). 

 1. NATIONAL INTEGRATION PLAN (RAIL / ROAD / FREIGHT / WATER) 

Network Mode Description Major External 
Connections 

Through Nodes / Ports 

Rail Integrate with Eastern 
Dedicated Freight 
Corridor (EDFC) 

Delhi–Kolkata, Haldia, 
Durgapur, Patna 

Pandit Deen Dayal Upadhyaya 
Jn (Mughalsarai), Ghazipur, 
Chunar, Chandauli 

National 
Waterways 

Link with NW-1 (Haldia–
Allahabad) via Ganges 

Kolkata Port, Haldia, 
Sahibganj 

Varanasi Inland Water 
Terminal, Chunar, Adalhat 

National 
Highways 

NH-2, NH-19, NH-31 for 
regional & interstate 
traffic 

Lucknow, Patna, 
Ranchi, Delhi 

Jaunpur, Chandauli, Ghazipur 

Air Cargo Expand Lal Bahadur 
Shastri Airport freight 
terminal 

International air 
linkage to Middle East 
& SE Asia 

Babatpur (30 km from canal 
belt) 

Ropeway & 
Metro Linkages 

Integrate satellite towns 
to core city metro loops 

Smart BRT, inner-ring 
metro, ropeway spur 

Chunar, Bhadohi, Adalhat, 
Chandwak 

 

2. PROPOSED INTERMODAL TRANSITION HUBS (MULTI-MODAL NODES) 

Node Modal Connections Function Strategic Advantage 
Chunar Canal + Rail + Heritage 

Ropeway 
Passenger + Tourism 
Hub 

River cruise terminal + 
stone industry 
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Ghazipur Canal + Rail + Agri Freight 
Corridor 

Agri Export Node Proximity to Indo-Nepal 
cross-border 

Chandauli Canal + Rail + NH-2 Logistic Aggregation 
Zone 

Near EDFC junction and 
farms 

Bhadohi Canal + Road + 
Metro/Ropeway 

Textile Export & Trade 
Hub 

Carpet industry with port 
access 

Adalhat Canal + Education Metro 
Link 

Student and Skill 
Transition Node 

University township and 
Varanasi link 

Jaunpur Canal + NH-31 + Rail Industrial Container 
Yard 

Gateway to eastern UP 
and Bihar 

Varanasi Water 
Terminal 

NW-1 + Metro + Rail 
(Mughalsarai) 

Primary Water-Rail 
Interchange 

Largest inland cargo 
interface 

Kachhwan Road + Canal + Rural 
Feeder 

Agro-Rural-Urban 
Interface 

TOD-backed peri-urban 
growth 

 

 3. NETWORK INTEGRATION PLAN DIAGRAM (TEXT) 

[Delhi]──Rail────┐ 

├──> [Jaunpur Intermodal] ── Road/Rail ──► [Canal Ring] 

[Haldia]──NW-1───┘                                 │ 

▼ 

[Ghazipur Freight Node] ── Rail/Ferry ──► [Varanasi Water Terminal] 

│ 

[Adalhat Edu Node] ─ Ropeway ──┐            ▼ 

[Chunar Tourism Node] ────────┴── Canal ──► [Chandauli Logistics Hub] 

│ 

[Bhadohi Textile Node] ──► [EDFC] 

 4. Proposed Freight Movement Plan via Canal & Rail 

• Bulk goods (stone, fertilizer, grains) via canal barges to Chunar & Ghazipur. 

• Textiles, handicrafts via Bhadohi to NW-1 → Haldia Port → Export. 

• Agri & dairy from Chahania, Kachhwan → Chandauli ICD → Container Train. 

• Intermodal containerized freight at Varanasi water terminal → Eastern Corridor. 

 5. Modal Shift Facilities 

Facility Type Locations Function 
Dry Ports / ICDs Chandauli, Ghazipur Rail–water container shift 
Ferry Terminals Chunar, Bhadohi, Adalhat Local & regional passenger flow 
Metro Stations Varanasi, Baburi, Adalhat Last-mile connectivity 
Truck Terminals Jaunpur, Ghazipur, Kachhwan Rural produce → Freight Node 
Water Taxi Nodes All 10 canal-edge towns Smart city mobility 

 

6. Sustainability Integration 

• Solar-powered docks & barges along canal. 
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• EV-ready transport loops at all intermodal hubs. 

• Buffer green zones at each modal node to manage noise/pollution. 

5.3 Economic & Social Benefits 
1. Peripheral Canal Infrastructure 

o Width: 180 meters 
o Use: Flood overflow retention and controlled drainage 
o Features: Retention basins, sediment control, embankment stabilization 

2. Water-Based Transit Nodes 
o Terminals at 8–10 key points 
o Mixed-use development around each node 
o Last-mile connectivity with roads and cycle tracks 

3. TOD Urban Growth Zones 
o High-density residential and commercial clusters 
o Pedestrian-first street design 
o Affordable housing provisions near transit hubs 

4. Ecological Landscape Design 
o Riparian buffers and green corridors 
o Wetland creation for flood moderation and biodiversity 
o Public open spaces for recreation and social engagement 

5. Smart Urban Infrastructure 
o IoT flood sensors 
o Smart lighting and real-time transit displays 
o Digital ticketing and integrated mobility platform 

Expected Impact: 
• 70% reduction in urban flood vulnerability through floodwater diversion 
• Promotion of decentralized and sustainable urban growth beyond the congested city core 
• Revival of Ganga tributaries through hydraulic balance and overflow control 
• Enhancement of Varanasi’s urban mobility via water-based public transport 
• Increase in tourism, real estate, and public space value along canal edges 

Timeline: 
• Year 1: Feasibility studies, route mapping, hydrological and topographical surveys 
• Years 2–3: Canal excavation, embankment construction, node and TOD infrastructure rollout 
• Years 4–5: Water transit launch, real estate and public space development 

Stakeholders: 
• Varanasi Development Authority (VDA) 
• Varanasi Smart City Ltd. 
• National Mission for Clean Ganga (NMCG) 
• Urban Development Ministry 
• Private Infrastructure and Transport Developers 

Deliverables: 
• Master Plan of the Canal with sectional and longitudinal profiles 
• TOD Zoning Framework for peripheral development 
• Flood Risk Reduction and Ecological Impact Assessment Report 
• Smart Mobility Integration Strategy 
• Stakeholder Engagement and Funding Plan 

 Potential Water Sources Around Varanasi 
1. Ganga River 

• Primary and most abundant source 
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• Can be tapped during non-peak flow seasons through controlled inlet structures 
• Water quality must be managed for transit usability 

2. Varuna River 
• Seasonal tributary joining the Ganga near northern Varanasi 
• Could be diverted or used for supplementary canal recharge during monsoon 

3. Assi River 
• Smaller river, heavily degraded 
• Offers limited volume but can be revitalized and used for local recharge 

4. Nearby Reservoirs and Dams 
• Chandraprabha Dam (approx. 65 km southeast of Varanasi) 

o Gross capacity: ~55 MCM 
• Latif Shah Dam (Sonbhadra region, >100 km away) 

o Less direct utility but part of regional watershed planning 
• Ganga Barrages (e.g., Buxar and downstream Farakka) 

o Could support seasonal water management schemes 
o  

 Recommendations for Water Sourcing Strategy 
• Primary supply from Ganga River using pumping stations and regulated inflow channels. 
• Supplementary recharge from Varuna and Assi rivers during monsoon. 
• Investigate feasibility of connecting to Chandraprabha reservoir via pumping or feeder 

canal. 
• Ensure the canal is part of a closed-loop system with sediment traps and controlled 

evaporation management. 
Annual Water Balance Summary for the Varanasi Peripheral Canal 

• Initial Water Volume Required to Fill Canal: 
≈ 47.12 million cubic meters (MCM) 

• Annual Evaporation Loss: 
≈ 28.67 million liters (or 28.67 MCM) 

• Annual Seepage Loss: 
≈ 11.47 million liters (or 11.47 MCM) 

Total Annual Water Requirement: 

≈ 87.26 MCM 

This is the volume needed to initially fill and maintain the canal throughout the year for water-based 
transit and ecological functionality. 

 Key Takeaways 

• The Ganga River can easily meet this demand given its massive annual discharge (~525 billion 
cubic meters). 

• Supplemental sources (like Chandraprabha Dam) could provide resilience during low-flow 
periods or for maintenance refills. 

• Efficient canal lining and green buffer zones can reduce seepage and evaporation significantly. 
• Integrated management with monsoon catchment inflow and treated wastewater reuse can 

enhance sustainability. 
Project Vision and Objectives 

Vision: 
To establish Varanasi as a model for sustainable urbanism by leveraging its historic 
rivers and water networks into a modern, efficient, and ecologically sensitive WTOD 
framework. 
Objectives: 
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• Develop a 180-meter-wide navigable canal loop connecting Ganga, Varuna, and 
Assi. 

• Promote mixed-use, high-density development around 10 strategically located 
satellite nodes. 

• Create a multimodal transit system integrating water, road, metro, and non-
motorized transport. 

• Enhance urban resilience through flood mitigation, ecological restoration, and 
sustainable land use. 

• Preserve Varanasi’s cultural heritage while enabling future-ready urban growth. 
3. Canal System Design 

3.1 Specifications: 
• Width: 180 meters (navigable water body, green buffer, transit corridor) 
• Central Radius: 25 km 
• Total Canal Length: Approx. 157 km (circumferential) 
• Connection Points: Ganga at North and South banks, Varuna river to the northeast, 

Assi stream to the southwest 
3.2 Functional Zones: 

• Water Transit Channel: 60–70 meters wide navigable waterway 
• Green Corridor: 30 meters of ecological landscape buffers on either side 
• Transit Corridor: 40 meters for multimodal roadways, bike paths, and pedestrian 

boulevards 
• Utility Corridor: Underground services and renewable infrastructure (solar, 

wastewater recycling) 
 
4- Transit-Oriented Satellite Nodes 

10 Transit-Oriented Satellite Nodes have been identified along the proposed canal-based transit 
corridor encircling Varanasi. These nodes are strategically selected to leverage water-based 
transit infrastructure and stimulate polycentric urban development. Below is a detailed profile of 
each identified satellite node: 

1. Jaunpur 
• Location: Northwest of Varanasi. 
• Attributes: 

o A regional rail and road hub with historic and cultural significance. 
o Potential for intermodal connectivity with canal-based freight and tourism. 
o High potential for TOD-based warehousing, agro-processing, and regional markets. 
o Urban expansion potential supported by existing rail links and SH-36. 

 
 2. Chandwak 

• Location: North of Varanasi. 
• Attributes: 

o Rural node with growing peri-urban characteristics. 
o Suitable for eco-tourism and low-density TOD clusters. 
o Strategic for ecological buffer development due to Greenfields and waterbodies. 
o Offers scope for community-based housing near the canal. 

 3. Ghazipur 
• Location: Northeast of Varanasi. 
• Attributes: 

o Already connected via National Waterway-1 and NH-31. 
o Ideal for logistics and regional industrial clusters under WTOD model. 
o Potential to be a hub for heritage and religious tourism via waterways. 
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o Integration with multimodal terminal boosts regional connectivity. 
 4. Chahania 

• Location: East of Varanasi. 
• Attributes: 

o Low-density agricultural zone with scope for agro-linked TOD. 
o Can function as a green transition node with solar/wind energy hubs. 
o Water transport to core Varanasi offers commuting alternatives for rural workforce. 

5. Chandauli 
• Location: Southeast of Varanasi. 
• Attributes: 

o Access to NH-2 and rail networks makes it suitable for TOD-driven logistics. 
o Rich in agricultural activity; potential for integrated agri-market design. 
o Ideal for canal-side bulk commodity storage and inland freight movement. 

 6. Baburi 
• Location: South-southeast of Varanasi. 
• Attributes: 

o Predominantly rural and underdeveloped—ripe for sustainable TOD. 
o Potential site for affordable housing projects in TOD format. 
o Good linkages to SH-97 and SH-74. 

 
 7. Adalhat 

• Location: South of Varanasi. 
• Attributes: 

o Strong contender for canal–rail–road transfer hub development. 
o Can host logistic parks and light manufacturing units with TOD-style workforce housing. 
o Connects to NH-135 and SH-5A, enhancing its value as a junction node. 

 8. Chunar 
• Location: Southwest of Varanasi, on the Ganges. 
• Attributes: 

o Historic riverfront town, ideal for heritage tourism-based TOD. 
o Strong stone and ceramics industry base for freight-focused development. 
o Excellent canal access, supporting revival of local economies. 

 9. Kachhwan 
• Location: Southwest corridor. 
• Attributes: 

o Key node for rural–urban integration via canal-bus-rail last mile services. 
o Suitable for education and healthcare satellite campuses. 
o Potential for low-carbon TOD neighborhoods integrated with agricultural hinterland. 

10. Bhadohi 
• Location: West of Varanasi. 
• Attributes: 

o Internationally known for carpet and textile industry—ideal for freight TOD. 
o Water transport can reduce pressure on NH-19 and rail. 
o High potential for artisan housing, cultural tourism and craft-based TOD economy. 

 Strategic Insights: 
• These nodes act as multifunctional TOD rings supporting: 

o Decongestion of Varanasi core 
o Canal-fed logistics and last-mile delivery 
o Balanced urban expansion with ecological buffers 
o Employment and economic diversification across the Ganga-Varuna-Karmanasa corrido 
o  
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5. Key Features from Case Studies 

5.1 Seoul (Cheonggyecheon Stream Restoration): 

• Ecological Integration: Seoul demonstrated the transformative power of daylighting 
a buried stream. The Varanasi canal will prioritize ecological restoration of Varuna 
and Assi, incorporating natural wetlands and filtration systems. 

• Community Spaces: Seoul’s stream led to public gathering spaces and improved 
pedestrian connectivity. Varanasi's canal edges will include ghats, performance 
spaces, and shaded walkways. 

• Urban Cooling and Resilience: Lowered ambient temperatures and improved air 
quality can be modelled along similar lines. 

5.2 Amsterdam (Waterfront TOD): 

• Water-Based Transit: Amsterdam effectively integrates ferries, water taxis, and 
bicycle routes into its urban fabric. The Varanasi project will deploy similar strategies 
with hybrid-electric water taxis and public ferry loops. 

• Affordable Mixed-Use Housing: A diverse housing stock near TOD zones with 30% 
affordable housing has prevented gentrification. 

• Smart Docking and Infrastructure: Use of smart quays, automated ticketing, and 
sensor-based water quality monitoring will be adapted. 

6. Policy Framework and Regulatory Support 
7. risk matrix with deeper insights into edge-case and complex systemic risks that could 

undermine the canal-TOD infrastructure project. These include political, climatic, legal, 
technological, and social vulnerabilities. 

Scenario What Could Go 
Wrong 

Consequences Mitigation Measures 

Policy or Political 
Volatility 

Regime change, 
priority shift, budget 
withdrawal 

Delays, freeze on 
funds, loss of inter-
agency support 

Statutory CTDA 
creation, tripartite 
MOUs, guaranteed 
long-term funding 
envelope 

Climate Extremes 
or Hydrological 
Anomalies 

Monsoon failure or 
extreme rainfall 
events 

Canal under- or over-
performs; damage to 
property and 
ecological assets 

Variable-depth canal 
design, overflow 
basins, and drought 
resilience plans 

Construction 
Corruption or 
Mismanagement 

Poor quality, 
collusion in bidding, 
delay in schedules 

Structural failures, 
budget escalation, 
loss of public trust 

E-tendering, third-
party monitoring, 
community 
transparency 
platforms 

Jurisdictional 
Conflict 

VDA, ULBs, Smart 
City, NMCG, and 
state agencies 
misaligned 

Coordination 
breakdown, double 
approvals, poor 
enforcement 

Define roles under 
CTDA, single-window 
governance, legal 
clarity protocols 
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Developer Apathy 
or Monopolization 

No bidders or over-
commercialized 
land use 

TOD stagnation or 
social inequity 

Phase-wise 
investment pitch, 
affordable housing 
quotas, PPP policy 
balancing 

Cultural or 
Religious 
Sensitivity 
Oversight 

Development 
encroaching on 
sacred ghats or 
temples 

Protests, legal stays, 
reputational backlash 

Heritage 
consultation panel, 
protected buffer 
zones, architectural 
harmonization 

Cybersecurity in 
Smart Systems 

Hack of sensors, 
pumps, transit apps 

Transit failure, flood 
mismanagement 

Secure data centers, 
encrypted protocols, 
dual redundancy 
infrastructure 

Public Health 
Emergencies 

Waterborne 
diseases due to 
stagnation or 
improper drainage 

Urban health crises, 
fear, media backlash 

Regular water flow, 
biological vector 
control, floating 
wetland biofilters 

 

 Project Cost Estimate: 180-Meter-Wide Canal-Based WTOD Corridor (Varanasi) 

Component 
Estimated Cost 

(INR Cr) Remarks 

1. Canal Excavation & Lining (30 km) 1,800 Cr 
60 Cr/km including bunding, grading, 
concrete lining 

2. Water Transit Infrastructure   

- Floating jetties (10 nodes @ 15 Cr each) 150 Cr At key junctions and satellite nodes 

- Smart water buses (20 vessels @ 5 Cr 
each) 

100 Cr Electrified and solar-supported vessels 

- Maintenance depots, fueling, control 
systems 

60 Cr Operation control & fleet management 

3. Road and Green Mobility Integration   

- 4-lane service road (dual) along canal (30 
km) 

1,200 Cr With EV lanes, cycle tracks, footpaths 

- Pedestrian and cycling infrastructure 300 Cr Shared bike hubs, landscaping, street 
furniture 

4. Flood Mitigation & Blue-Green 
Infrastructure 

  

- Retention basins, check dams, storm 
drains 

250 Cr Decentralized flood control network 

- Canal-edge wetlands and bioswales 
(ecoparks) 180 Cr 

For pollution control and aquifer 
recharge 

5. Land Acquisition & R&R (approx. 600 
ha) 2,000 Cr 

Mixed-use zones, compensation, 
relocation 

6. TOD Infrastructure (10 Satellite 
Nodes) 

  

- Utility provisioning, smart poles, ICT infra 300 Cr Power, water, digital services 



66 
 

Component 
Estimated Cost 

(INR Cr) Remarks 

- Mixed-use hub development (PPP share) 2,500 Cr 
Public-private build-out, housing + 
commerce 

7. Project Management, DPR, 
Environment Clearances 250 Cr Surveys, social & EIA, technical studies 

8. Contingency (10%) 860 Cr Buffer for overruns 

8.   Total Estimated Cost: ₹9,950 Crores 
(Rounded off: ₹10,000 Cr) 

9.  

 Projected Benefits of the WTOD Canal Project 

1. Environmental & Ecological 

Benefit Description 
Flood control Reduces urban flooding risk by acting as a controlled drainage buffer for Varuna 

& Assi tributaries. 
Water table 
recharge 

Integrates bioswales and wetlands to naturally recharge aquifers. 

Pollution 
reduction 

Acts as a blue-green infrastructure buffer, improving Ganga tributary health. 

 2. Mobility & Transit-Oriented Growth 

Benefit Description 
Daily ridership: 1–1.5 lakh Reduced pressure on roads via multimodal canal ferries. 
Intermodal integration Connects with metro, ropeway, rail, and roads, reducing end-to-end 

travel time by ~30–40%. 
Electric/green transit 
adoption 

Canal-based e-boats and EV lanes promote low-emission mobility. 

3. Economic Development 

Benefit Description 
Job creation: 1.5–2 lakh (direct 
+ indirect) 

Infrastructure, service sector, tourism, and informal jobs in 
construction, hospitality, transit ops. 

Land value appreciation: 2–3x 
in 10 years 

High return in canal-front areas and satellite towns. 

Boost to tourism Eco-tourism, cultural cruises, and heritage circuits along waterway 
and ghats. 

4. Urban Planning & Livability 

Benefit Description 
Smart TOD Nodes 10 hubs developed with housing, commerce, and public services within 500m 

walking radius. 
Affordable 
housing 

Inclusion of EWS/LIG units in canal-edge TOD zones. 

Green public 
realm 

Parks, cycle tracks, promenades increase urban livability and property 
desirability. 
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5. Climate Adaptation & SDGs Alignment 

Benefit Description 
Climate resilience Supports SDG 11 (sustainable cities), SDG 13 (climate action), and SDG 6 

(clean water). 
Carbon reduction Estimated 25,000 tons of CO₂ saved annually through modal shift and 

wetland carbon sinks. 
Nature-based 
solutions 

Adoption of low-impact development (LID) principles like bioswales and 
pervious pavements. 

 

Phasing & Implementation Strategy 

Phase Duration Key Activities 
Phase 1: Planning & Pilot 
Implementation 

0–2 years DPR, land acquisition, first 5 km stretch, 2 
TOD nodes 

Phase 2: Full Canal Excavation & 
Infrastructure 

3–5 years Canal completion, water transit ops, 5 more 
nodes 

Phase 3: TOD & Satellite Town 
Integration 

5–10 
years 

Complete 10 nodes, affordable housing, 
regional linkage 

 
Return on Investment (ROI) for Government Through Land Monetization 

1. Land Value Appreciation Due to Canal WTOD 

Parameter Baseline (2025) Post-Project 
Projection (2035–
2040) 

Remarks 

Govt. land value 
(avg) 

₹5,000–₹10,000 / 
sq.m 

₹15,000–₹30,000 / 
sq.m 

2x to 3x appreciation 
expected near TOD nodes 

Private land 
resale value 

₹8,000–₹15,000 / 
sq.m 

₹25,000–₹50,000 / 
sq.m 

Driven by accessibility 
and urban amenities 

Land along 180m 
corridor (gross) 

~600 hectares 
(6,000,000 sq.m) 

Monetizable share: 
~30% (1,800,000 
sq.m) 

Gov. retains share for 
PPP/auctioning 

 

 

 2. Direct Monetization Opportunities for Government 

Revenue Stream Estimated Value 
(INR Cr) 

Mechanism 

Auction of canal-facing 
commercial plots 

₹3,000 Cr High-demand parcels in TOD 
zones 

Lease of mixed-use land parcels 
(30–99 yrs) 

₹1,500 Cr Long-term lease to private 
developers 
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Affordable housing developer 
partnerships (PPP) 

₹750 Cr VDA + private share on 
affordable housing 

Green bonds / Infrastructure 
bonds 

₹1,000 Cr Raised on expected future value 
and ridership 

Tourism license & waterway 
service concessions 

₹300 Cr (10 yrs) Jetty concessions, tour 
operators, cafes 

Ad space, signage, smart pole 
rentals 

₹200 Cr Annual annuity via digital + OOH 
media 

 

 Total ROI Potential Over 10–15 Years: ₹6,750 – ₹7,500 Cr 

 

3. Multiplier Effect from Public Infrastructure Investment 

Govt. Investment (public sector) ₹10,000 Cr (Total estimated project cost) 

Direct ROI through monetization ₹7,500 Cr (by 2040) 

Indirect GDP impact multiplier ~1.5x–2x on regional GDP by 2045 

Tax revenue gains +₹500–800 Cr annually (property, tourism, services) 

 

4. ROI Timeline Chart 

Year Land Auction + 
Lease 

Tourism + 
Services 

Affordable Housing 
PPP 

Total Annual 
Return 

Y1–2 ₹0 Cr (Planning) ₹0 Cr ₹0 Cr ₹0 Cr 

Y3–5 ₹1,000 Cr ₹50 Cr ₹100 Cr ₹1,150 Cr 

Y6–10 ₹2,500 Cr ₹100 Cr ₹300 Cr ₹2,900 Cr 

Y11–
15 

₹4,000 Cr ₹150 Cr ₹350 Cr ₹4,500 Cr 

 

 

Conclusion: ROI Summary 

• The government can recover 70–75% of its investment via direct land monetization 
alone over 10–15 years. 

• Additional indirect returns via tourism, taxes, employment, and urban service growth 
elevate the true value creation. 

• The project becomes cash-positive for the government within the first decade, 
especially if bond and PPP mechanisms are efficiently managed. 



69 
 

Applicable Policies: 
• National TOD Policy, MoHUA 
• AMRUT 2.0 
• National Waterways Act 
• Smart Cities Mission 
• Varanasi Master Plan 2031 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 6: Conclusion & Future Pathways 

 
6.1 Key Takeaways from the Canal-WTOD Study 
The study of the proposed 180-meter-wide canal-based WTOD system in Varanasi yields multiple insights 
that reinforce the viability, urgency, and strategic value of integrating blue-green infrastructure with urban 
transit systems. The following are the core takeaways: 
 1. Ganga as an Enabler of Urban Resilience and Mobility 

• The historical and spiritual relevance of the Ganga River in Varanasi positions it not just as a 
cultural artery, but as a physical and ecological corridor capable of fostering urban resilience. 
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• Reinterpreting the Ganga and its tributaries (Varuna, Assi) as active participants in urban 
infrastructure opens opportunities for holistic, nature-based urban development that blends 
heritage with sustainability. 

 2. WTOD as a Scalable Urban Solution 
• The canal corridor concept not only resolves localized challenges like urban flooding, mobility 

deficits, and spatial inequality but also introduces a scalable, adaptable framework that other 
Indian cities can adopt. 

• The spatial configuration of the 180-meter-wide corridor, integrating transit, housing, ecology, 
and commerce, becomes a prototype for 21st-century sustainable urbanism. 

 3. Economic and Social Multiplier Effects 
• WTOD zones demonstrate significant capacity to stimulate local economies, create jobs, and 

enhance tourism—proving that water-based infrastructure is not a sunk cost but a generative 
urban asset. 

• Equitable access and mixed-use zoning within TOD nodes foster inclusive growth, reduce 
transport poverty, and address urban-rural disconnects. 

 4. Proof of Concept for Climate-Responsive Infrastructure 
• Incorporating bioswales, wetland parks, and pervious surfaces, the canal system aligns with SDG 

goals and India's climate adaptation commitments, serving as a testbed for low-carbon, resilient 
infrastructure. 

 
6.2 Implementation Roadblocks and Risk Mitigation 
Despite the strength of the WTOD proposal, the path to implementation is fraught with administrative, 
social, and technical challenges. Identifying these roadblocks is critical to preemptive mitigation: 
1. Policy Inertia and Bureaucratic Delays 

• Interdepartmental silos between irrigation, urban development, transport, and environment 
ministries can stall approvals. 

• Resistance to intermodal projects—especially those that cross multiple jurisdictional 
boundaries—delays DPR clearance and implementation. 

Mitigation: Establish a Canal-WTOD Special Purpose Vehicle (SPV) under the Smart Cities Mission or 
Namami Gange, with unified authority and budgetary independence. 
 2. Stakeholder Resistance 

• Communities along the canal may fear displacement, land loss, or cultural erosion. 
• Private investors may hesitate due to unclear timelines, poor ROI assurances, or legal 

ambiguities in land ownership. 
Mitigation: Conduct transparent community engagement, ensure inclusive zoning, and launch land 
pooling schemes or Transfer of Development Rights (TDR) policies. Use Value Capture Financing 
(VCF) to attract PPP participation. 
3. Funding and Fiscal Gaps 

• Capital expenditure (~₹10,000 Cr) may seem unviable without structured financial engineering. 
• Delayed disbursal of central/state funds may impact execution timelines. 

 Mitigation: Use hybrid financing models: 
• Municipal bonds (green bonds) 
• Viability Gap Funding (VGF) from central govt. 
• Multilateral development bank support (ADB, World Bank) 
• Private investment in TOD zones via design-build-operate-transfer (DBOT) mechanisms. 

 
6.3 Future Scope of Research & Replication 
The Canal-WTOD model, though designed for Varanasi, holds wider applicability and research potential 
across multiple dimensions: 
 1. Expanding to Regional Canal Networks 

• The Varanasi model can be extended to connect with rural hinterland canals, enabling agri-
freight corridors, and last-mile goods transport. 



71 
 

• Further studies could model how such corridors reduce carbon emissions and logistics costs in 
nearby districts. 

2. Integration with National Inland Waterways and Freight Logistics 
• India's National Waterway-1 (Haldia to Prayagraj via Varanasi) creates a strategic intersection for 

integrating canal-WTOD corridors with long-haul freight and riverine logistics. 
• Future research could examine the synergies between urban WTOD nodes and freight handling 

terminals, especially in terms of economic clustering and land-use alignment. 
 3. Replication in Other Riverine Cities 

• Cities like Kochi, Surat, Guwahati, and Patna—each with riverine or canal potential—can adopt 
customized WTOD models tailored to local hydrology, demography, and cultural context. 

• A national-level policy framework for WTOD replication could be explored, linked with AMRUT, 
Jal Shakti Abhiyan, and the National Urban Policy. 

 4. Technological and Behavioural Research 
• There's room to explore smart canal monitoring systems using IoT and AI for water levels, traffic 

flow, and maintenance. 
• Behavioural research could assess modal shift potential, i.e., how likely are commuters to 

switch from road to water-based transit, and under what conditions. 
 
 Final Reflection 
The proposed 180-meter-wide Canal-WTOD corridor in Varanasi represents more than a transit 
infrastructure—it symbolizes a new imagination for Indian cities where rivers flow through cities not as 
waste channels, but as arteries of life, culture, and connectivity. This study, while ambitious, 
establishes a proof of concept for a resilient, inclusive, and climate-conscious urban future—starting 
with water and expanding to the city. 
 

 
 

 

 

 
 
 
 
 
 
 


