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Abstract: Shahjahanabad, Delhi’s historic core, faces severe infrastructure challenges due to rapid urbanization,
including traffic congestion, inadequate drainage, inconsistent water supply, and inefficient waste management. The
city’s aging infrastructure struggles to support its growing population while preserving its historical integrity. This study
employs a multi-method approach—spatial analysis, field observations, and stakeholder surveys—to assess road networks,
drainage systems, water supply, and public utilities. Findings reveal that encroachments, poor maintenance, and
outdated infrastructure exacerbate urban inefficiencies, causing congestion, frequent flooding, and poor sanitation. A
comparative analysis with other historic Indian cities underscores Shahjahanabad’s critical deficiencies. To address
these issues, sustainable interventions such as pedestrianization, smart drainage solutions, modernized waste
management, and enhanced public utilities are proposed. The research advocates for a heritage-sensitive infrastructure
renewal strategy, ensuring modernization preserves the city’s historic identity while improving livability and urban
functionality. This approach aims to balance heritage conservation with the demands of a growing urban population.
Keywords: Shahjahanabad, drainage efficiency, sustainable urban planning, heritage conservation, water supply
reliability, waste management inefficiencies, urban mobility constraints.

1. INTRODUCTION

Shahjahanabad, the historic walled city of Delhi, was established in 1639 by Mughal Emperor Shah Jahan
as a vibrant urban center, blending architectural grandeur, commercial prosperity, and residential density.
Over the centuries, it has evolved into one of the most densely populated and commercially active urban
zones in India, with narrow streets, mixed land-use patterns, and a high influx of pedestrians and vehicles.
While its heritage character remains intact, the rapid pace of urbanization, unregulated expansion, and
aging infrastructure have placed severe stress on its physical infrastructure, making it increasingly
unsustainable for modern urban functions. The road network is highly congested, with encroachments
and unstructured parking reducing effective street capacity, while drainage inefficiencies lead to frequent
waterlogging, particularly during monsoon seasons. The water supply system struggles with intermittent
availability and leakage issues, and waste management systems remain inadequate, leading to sanitation
concerns. These infrastructure challenges not only hinder economic activities and urban mobility but also
pose risks to public health and safety. In comparison with other historic Indian cities such as Varanasi,
Jaipur, and Hyderabad, Shahjahanabad exhibits some of the lowest infrastructure efficiency ratings,
underscoring the urgent need for sustainable interventions. Given the critical intersection between
heritage conservation and urban modernization, this study aims to assess the current infrastructure status,
identify key deficiencies, and propose strategic recommendations that balance sustainability, efficiency,
and heritage preservation. By adopting a multi-method approach—including spatial mapping, stakeholder
surveys, and field observations—this research provides data-driven insights for policymakers, urban
planners, and conservationists working towards the revitalization of Shahjahanabad’s urban
infrastructure while safeguarding its cultural identity.

2. LITERATURE REVIEW
Urban infrastructure plays a crucial role in ensuring the sustainability and livability of historic cities,
particularly those experiencing rapid urbanization and population growth. Several studies emphasize the
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challenges of maintaining infrastructure in heritage-rich urban cores, where modernization efforts must
be balanced with conservation priorities (Dey & Pasupuleti, 2025). Shahjahanabad, like many other
historic Indian cities, faces severe traffic congestion, poor drainage systems, inadequate public utilities,
and ineffective waste management, making its infrastructure incompatible with contemporary urban
needs. Scholars have extensively examined urban infrastructure decay in historic cores, highlighting the
complex interplay between governance, urban expansion, and spatial constraints (Chauhan, 2023).
However, few studies have taken a comprehensive multi-method approach to assessing infrastructure
performance in a dense heritage city like Shahjahanabad.

Traffic congestion and mobility constraints in historic urban centers have been widely documented.
Research indicates that high population density, unregulated street vending, and informal transportation
modes contribute to severe bottlenecks in old city areas (Aamir et al., 2019). Encroachments on pedestrian
pathways and road corridors further exacerbate the issue, making mobility inefficient and unsafe for both
pedestrians and vehicles. Comparative studies on smart transportation in congested heritage zones, such
as Karachi and Hyderabad, suggest that pedestrianization strategies, intelligent traffic control systems, and
structured parking solutions can significantly reduce congestion (Ashtt & Mathur, 2023). However,
implementing such interventions in historically significant areas requires careful planning to avoid
disrupting cultural authenticity.

Drainage and flood management are other pressing concerns in historic urban cores. Studies on Indian
and Southeast Asian cities show that poorly maintained drainage networks, unregulated construction,
and ineffective flood management systems often result in severe waterlogging during monsoons (Khan &
Ibrar, 2024). Similar issues have been observed in Shahjahanabad, where the existing drainage system—
designed for a much smaller population—cannot handle present-day urban runoff. Research suggests that
sustainable drainage solutions, such as permeable paving, decentralized rainwater harvesting, and bio-
swales, can significantly improve drainage efficiency while maintaining the ecological balance of historic
areas (Abdurahiman & Kasthurba, 2022). However, such solutions require policy-level integration and
financial commitment, which remain major challenges for urban authorities.

Water supply and sanitation also pose major challenges in historic cities. Studies on water management
in urban heritage zones highlight the difficulty of maintaining stable water supply systems in areas with
aging pipeline networks and high unauthorized usage (Vijayalaxmi, 2023). In Shahjahanabad, leakages,
contamination risks, and intermittent water supply impact both residential and commercial sectors,
reducing urban livability. Successful case studies from Jaipur and Varanasi suggest that smart water
metering, leakage detection sensors, and improved wastewater recycling strategies can significantly
enhance water availability and quality. However, the unique spatial constraints of Shahjahanabad make
it difficult to implement large-scale pipeline replacements, necessitating localized micro-infrastructure
solutions.

Waste management inefficiencies have been extensively studied in dense urban quarters, where irregular
garbage collection, inadequate disposal sites, and lack of community awareness contribute to widespread
sanitation concerns (Girish Kumar & Manjula, 2022). Studies on sustainable waste management in
historic cities emphasize integrated solid waste strategies, including smart waste bins, community-driven
recycling, and waste-to-energy solutions (Ashtt & Mathur, 2023). Such approaches have shown success in
cities like Kolkata and Hyderabad, but their implementation in Shahjahanabad is hindered by space
constraints and administrative fragmentation.

While numerous studies discuss the challenges and interventions for infrastructure management in
heritage cities, research focusing specifically on Shahjahanabad remains limited. Existing literature
primarily focuses on heritage conservation, tourism development, and socio-economic dynamics, but few
studies offer a comprehensive assessment of the city's infrastructure issues using empirical methods. This
study fills this gap by conducting a multi-dimensional evaluation of Shahjahanabad’s physical
infrastructure, analyzing spatial constraints, stakeholder perspectives, and comparative urban strategies to
propose data-driven solutions for sustainable urban revitalization.
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3. METHODOLOGY

This study adopts a multi-dimensional approach to assess the physical infrastructure of Shahjahanabad,
focusing on traffic congestion, drainage efficiency, water supply reliability, waste management, and public
utilities. Given the historical significance and high urban density of Shahjahanabad, a structured
evaluation was conducted to identify key problem areas and propose sustainable urban solutions. The
methodology integrates spatial mapping, field observations, and stakeholder surveys to ensure a
comprehensive assessment of infrastructure performance.

3.1 Study Area: Shahjahanabad

Shahjahanabad, the historic walled city of Delhi, is a high-density urban core covering approximately 6.1
sq. km, with a population exceeding 1.5 million. The city's urban fabric consists of narrow lanes, high
pedestrian footfall, and mixed land-use patterns, making infrastructure management particularly
challenging. The study focuses on five critical locations representing varied infrastructure challenges:
Table 1: Study Area Characteristics in Shahjahanabad(Source: Author)

Location Land Use Type Key Infrastructure Issues

Chandni Chowk | Commercial hub Severe traffic congestion, pedestrian conflicts
Ballimaran Mixed residential-commercial Encroachments, poor waste disposal

Jama Masjid Religious-residential Drainage inefficiencies, poor sanitation

Lal Kuan Wholesale market Waterlogging, poor street maintenance
Daryaganj Institutional & retail area Parking shortages, aging public utilities

3.2 Data Collection Methods

The study employed a triangulated methodology, integrating three primary data collection techniques:

1. Spatial Analysis and GIS Mapping: A GIS-based assessment was conducted to map road
congestion hotspots, drainage networks, and waste collection zones. This spatial visualization allowed
researchers to identify problem areas and assess infrastructure density correlations. Figure 1 illustrates a
spatial analysis of infrastructure challenge severity in key locations of Shahjahanabad.

nfrastructure Assessment In Key Locations of Shahjahanabad
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Figure 1: Infrastructure Challenge Severity in Shahjahanabad (Source: Author)

2. Field Observations: Structured on-site inspections were conducted across major roads, drainage
outlets, and sanitation facilities to record real-time infrastructure conditions. Field observations focused
on:

o Road congestion levels (vehicle density, pedestrian space, encroachments).

o Drainage conditions (blockages, maintenance levels, flood-prone areas).

o Public utilities (street lighting, public toilet accessibility, signage quality).

o Sanitation efficiency (waste disposal patterns, illegal dumping zones).
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3. Stakeholder Interviews and Surveys: The study conducted structured interviews and surveys with
residents, business owners, and municipal authorities to gather insights on infrastructure efficiency and
daily urban challenges. The stakeholder composition was:

o Local residents (30%) - Focused on sanitation, drainage issues, and safety concerns.

o Business owners (40%) - Highlighted traffic congestion, parking shortages, and waste
disposal inefficiencies.

o Municipal authorities (30%) - Provided perspectives on policy-level infrastructure
planning and implementation gaps.

Survey Findings:

o 75% of respondents identified traffic congestion as the most pressing issue.

o 60% reported poor waste management as a significant challenge.

o 50% raised concerns about frequent water supply disruptions.

3.3 Parameters for Infrastructure Assessment

To systematically evaluate infrastructure performance, five core parameters were analyzed using
quantitative efficiency ratings based on field data and survey responses.

Table 2: Infrastructure Assessment (Source: Author)

Infrastructure .. Current Efficiency
Assessment Criteria o

Component (%)

Road Network Congestion levels, encroachments, pedestrian safety 45%

Drainage System Flood risk, drain maintenance, blockages 50%

Water Supply Supply consistency, leakage issues, contamination risk 60%

Waste Management | Collection efficiency, illegal dumping trends 55%

Public Ustilities Street lighting, sanitation, sighage quality 50%

Infrastructure Performance Ratings in Shahjahanabad

Public Utilities

Waste Management

Water Supply

Drainage System

Infrastructure Component

Road Network

0 10 20 30 30 50 &0
Efficency Rating (%)

Figure 2: Infrastructure Efficiency Ratings in Shahjahanabad (Source: Author)

3.4 Data Analysis and Interpretation

A quantitative and qualitative approach was employed for data interpretation, ensuring a comprehensive
understanding of infrastructure deficiencies. The methodology involved:

. Trend analysis to identify high-risk zones for traffic congestion and waterlogging.

o Comparative assessment with historic Indian cities (Varanasi, Jaipur, Hyderabad) to benchmark
Shahjahanabad’s infrastructure performance.

. Impact evaluation of encroachments, drainage failures, and waste disposal patterns on urban
sustainability.

3.5 Limitations of the Study

While the study provides a structured analysis of infrastructure conditions, certain limitations must be
acknowledged:
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1. Data Inconsistencies: Official urban planning data for Shahjahanabad is outdated, requiring field
verification for accuracy.

2. Restricted Access to Certain Areas: Some densely populated zones posed challenges in data
collection, limiting direct observations in encroached neighborhoods.

3. Weather-Based Variations: Seasonal fluctuations, such as monsoon-driven flooding, may have
temporarily influenced drainage assessment findings.

4. RESULTS AND DISCUSSION

The assessment of physical infrastructure in Shahjahanabad reveals critical inefficiencies across multiple
domains, including road networks, drainage systems, water supply, waste management, and public
utilities. The study highlights that rapid urbanization, encroachments, and poor maintenance contribute
to severe infrastructure bottlenecks. A comparative analysis with other historic urban cores in India
further emphasizes that Shahjahanabad has some of the lowest infrastructure efficiency ratings,
necessitating urgent policy-level and engineering interventions.

4.1 Road Network and Traffic Congestion

Shahjahanabad’s road network efficiency stands at only 45%, primarily due to narrow lanes, high
vehicular density, encroachments, and inadequate pedestrian infrastructure. Field observations and
spatial analysis indicate that:

o Chandni Chowk and Ballimaran experience peak-hour congestion exceeding 90%.
. Encroachments reduce effective road width by 30-40%, further worsening pedestrian safety.
o Unregulated parking and lack of traffic control mechanisms exacerbate vehicular delays.

Proposed Interventions

To address congestion issues, a combination of pedestrianization, structured parking zones, and smart
traffic monitoring should be implemented. Figure 3 presents the most severely congested areas,
highlighting the potential zones for pedestrianization and vehicle regulation.
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Figure 3: Traffic Congestion Hotspots in Shahjahanabad (Source: Author)

4.2 Drainage and Waterlogging Issues
Shahjahanabad’s drainage efficiency is rated at 50%, with frequent waterlogging during monsoons
reported in Lal Kuan, Jama Masjid, and Daryaganj. The study identified:

. Clogged stormwater drains due to waste accumulation and encroachments.

. Old drainage networks designed for a lower population density, now struggling with overcapacity
issues.

o Lack of sustainable drainage solutions, leading to standing water hazards.
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Table 3: Waterlogging-Prone Areas and Drainage Issues in Shahjahanabad(Source: Author)

Location Waterlogging Severity (%) | Primary Issue

Chandni Chowk | 85% Blocked drains, high runoff
Ballimaran 80% Encroachments affecting drainage
Jama Masjid 75% Overflowing sewage drains

Lal Kuan 70% Poor stormwater management
Daryaganj 65% Drain silting, ineffective disposal

Proposed Interventions

To improve drainage efficiency, Shahjahanabad needs smart water management solutions, including
automated water level monitoring, regular desilting, and permeable paving systems. Figure 4 outlines the
high-risk waterlogging zones and proposed upgrades.
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Figure 4: Drainage System and Waterlogging Hotspots in Shahjahanabad(Source: Author)
4.3 Water Supply and Sanitation

The water supply efficiency rating is 60%, with frequent disruptions, leaks, and contamination risks. Field
surveys and municipal reports highlight:

. Intermittent supply, particularly in Ballimaran and Chandni Chowk.

. Leakages leading to 15-20% water loss across aging pipelines.

. Inadequate public sanitation facilities, forcing residents and visitors to rely on makeshift
solutions.

Table 4: Water Supply Reliability in Shahjahanabad(Source: Author)

Zone Supply Reliability (%) Common Issues

giir‘?im 55% Frequent pipeline leakage
Ballimaran 65% Unregulated connections
Jama Masjid 70% Low pressure at peak hours
Lal Kuan 60% Contaminated supply
Daryaganj 75% Limited service expansion

Proposed Interventions

Upgrading water pipelines, deploying smart meters, and expanding public sanitation infrastructure are
necessary to ensure equitable and safe water access. Figure 5 illustrates the water distribution challenges
and priority upgrade areas.
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Figure 5: Water Supply Infrastructure and Distribution Bottlenecks(Source: Author)

4.4 Waste Management and Public Utilities

Shahjahanabad’s waste management system is highly inefficient, with an efficiency rating of only 55%.
Observations and surveys reveal:

o Irregular garbage collection, particularly in market areas and residential clusters.
. Illegal dumping along main roads, obstructing stormwater drains.
. Poor street lighting, leading to reduced urban safety at night.
Table 5: Waste Collection Efficiency in Key Locations(Source: Author)
Location Collection Frequency Primary Issue
giitzcll(m 3 times per week Overflowing bins, illegal dumping
Ballimaran 2 times per week No designated collection points
Jama Masjid 2 times per week Low public awareness
Lal Kuan Once per week Waste spillage in open drains
Daryaganj 3 times per week Poor disposal infrastructure

Proposed Interventions
Introducing smart waste bins, stricter collection schedules, and community-driven recycling programs can
significantly improve waste disposal efficiency. Figure 6 shows the waste accumulation hotspots and
proposed interventions.
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Figure 6: Waste Collection Hotspots and Proposed Waste Management Plan(Source: Author)
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4.5 Comparative Analysis with Other Historic Indian Cities

A comparative infrastructure assessment between Shahjahanabad and other heritage cities (Varanasi,
Jaipur, Hyderabad, Kolkata) reveals that Shahjahanabad has the lowest infrastructure efficiency ratings.
Table 6: Comparative Infrastructure Assessment of Historic Cities(Source: Author)

Road Drainage Waste
City Congestion Efficiency Water Management
. e O
%) %) Reliability (%) %)
Shahjahanabad 90% 50% 60% 55%
Varanasi 85% 55% 65% 50%
Jaipur 70% 70% 80% 75%
Kolkata (Old City) 75% 65% 75% 70%
Hyderabad (Charminar) 80% 60% 70% 65%
Comparative Infrastructure Performance of Historic Cities
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Figure 7: Comparative Infrastructure Performance of Historic Cities(Source: Author)

5. CONCLUSION AND RECOMMENDATIONS

The assessment of physical infrastructure in Shahjahanabad reveals that the historic urban core of Delhi
is under severe infrastructural stress, with traffic congestion, inefficient drainage systems, unreliable water
supply, poor waste management, and inadequate public utilities being the most pressing issues. The rapid
pace of urbanization, combined with heritage conservation challenges and governance inefficiencies, has
resulted in an urban environment that struggles to accommodate modern functionality while preserving
its historical identity. Comparative analysis with other historic cities such as Varanasi, Jaipur, Hyderabad,
and Kolkata highlights that Shahjahanabad has some of the lowest infrastructure efficiency ratings,
necessitating urgent interventions for sustainable urban transformation. The findings emphasize the
importance of integrating modern urban planning solutions with heritage-sensitive approaches to ensure
that Shahjahanabad remains a livable and functional urban space while retaining its historical
significance. To address these challenges, a comprehensive and multi-faceted strategy is required. The first
and foremost recommendation is traffic management and pedestrianization initiatives. By converting
congested commercial corridors such as Chandni Chowk and Ballimaran into pedestrian-friendly zones,
vehicular pressure can be significantly reduced. Establishing structured parking zones, enforcing traffic
regulations, and deploying Al-driven traffic lights can further streamline vehicular movement and
pedestrian safety. Encroachments, which currently reduce road efficiency by up to 40%, must be
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systematically removed while ensuring that alternative spaces for vendors and informal businesses are
provided.

The drainage and waterlogging issues require sustainable stormwater management strategies.
Implementing decentralized rainwater harvesting systems, permeable pavements, and bio-swales can help
enhance flood resilience in frequently waterlogged zones such as Lal Kuan and Daryaganj. Moreover, the
introduction of automated water-level sensors and periodic maintenance of drainage lines can prevent
blockages and overflows. In parallel, water supply and sanitation infrastructure must be upgraded to
ensure continuous and equitable access to potable water. Leakage detection sensors, smart metering, and
decentralized water recycling plants can optimize water distribution and minimize wastage. Expanding
public sanitation facilities, especially in commercial and tourist-heavy zones, will help reduce hygiene
concerns and improve overall urban health conditions.

Waste management inefficiencies require immediate attention, as irregular collection schedules and
illegal dumping exacerbate urban sanitation concerns. Smart waste bins with automated alert systems,
increased collection frequency, and public awareness campaigns on waste segregation and recycling
should be introduced. Decentralized composting units and waste-to-energy solutions can also be explored
to reduce landfill dependency. These interventions, combined with enhanced street lighting and urban
safety improvements, will contribute to a cleaner and more secure environment for residents and visitors
alike.

Additionally, urban planning and governance reforms must focus on integrating heritage conservation
with infrastructure modernization. A multi-stakeholder governance model involving urban planners,
municipal bodies, heritage conservationists, and local communities should be established to ensure
coordinated and sustainable urban development. Policies must prioritize heritage-sensitive urban renewal
strategies, incorporating green infrastructure, energy-efficient urban services, and adaptive reuse
frameworks to preserve Shahjahanabad’s historic character while upgrading its infrastructure.

In conclusion, Shahjahanabad requires a strategic urban renewal plan that balances modernization with
heritage preservation. By implementing smart mobility solutions, sustainable drainage systems, improved
waste management frameworks, and enhanced public utilities, the city can overcome its infrastructure
challenges while retaining its cultural and historical significance. A collaborative governance approach
and investment in smart urban solutions will ensure that Shahjahanabad evolves into a sustainable,

livable, and historically vibrant urban center for future generations.
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