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ABSTRACT: Rapid urbanisation in India has significantly increased impervious surfaces, leading to frequent urban
flooding, poor groundwater recharge, and ineffective stormwater management. Traditional drainage systems are often
unable to handle heavy rainfall, resulting in waterlogging and environmental degradation in urban areas. The Sponge
City concept has emerged as a sustainable approach to manage stormwater by enhancing natural water absorption,
storage, and reuse within urban environments. This study explores the application of Sponge City concepts for
stormwater management in urban India by integrating green infrastructure techniques such as permeable pavements,
green roofs, rain gardens, bioswales, and urban wetlands. The research focuses on improving groundwater recharge,
reducing runoff, and mitigating urban flooding through nature-based solutions. The proposed framework highlights the
potential of Sponge City strategies in enhancing urban resilience, reducing environmental impact, and promoting
sustainable water management. The findings indicate that the adoption of Sponge City principles can significantly
improve stormwater management efficiency and support climate-resilient urban development in India. The study
provides a systematic approach for implementing Sponge City concepts in Indian urban planning and infrastructure
development.

KEYWORDS: Sponge City Concept, Stormwater Management, Sustainable Urban Drainage, Flood Mitigation, Green
Infrastructure, Water Management, Climate Resilience

. INTRODUCTION

Rapid urbanisation and climate change have significantly altered the natural hydrological cycle in urban areas, leading
to increased impervious surfaces, reduced infiltration capacity, and frequent urban flooding. In developing countries
such as India, the expansion of roads, buildings, and paved surfaces has disrupted natural drainage patterns and
increased surface runoff, resulting in waterlogging, groundwater depletion, and infrastructure damage during heavy
rainfall events. Urban flooding has become one of the most critical environmental and infrastructure challenges in
Indian cities due to inadequate stormwater drainage systems, poor land-use planning, and increasing rainfall intensity.
Studies indicate that rapid urban growth and insufficient drainage infrastructure have increased flood risks and
stormwater management failures in major metropolitan regions, highlighting the need for sustainable and resilient
drainage solutions (Kumar et al., 2021).

Traditional stormwater management in India mainly relies on conventional grey infrastructure such as underground
drainage networks, culverts, and stormwater channels designed to quickly remove rainwater from urban areas.
However, these systems are often inefficient in handling extreme rainfall events and fail to support groundwater
recharge or environmental sustainability. Conventional drainage systems focus on rapid discharge of stormwater, which
increases downstream flooding and reduces water availability in urban regions. Recent research has shown that
traditional drainage infrastructure alone cannot address the complex challenges of climate change, urban expansion,
and water scarcity, and therefore integrated and nature-based stormwater management strategies are required(Qiao et
al., 2020; Wang & Wang, 2024).

Sustainable Urban Drainage Systems (SUDS), Low Impact Development (LID), and Water Sensitive Urban Design
(WSUD) have emerged globally as effective approaches for managing stormwater through natural hydrological
processes such as infiltration, detention, and evaporation. These approaches aim to mimic natural water cycles by
integrating green infrastructure such as permeable pavements, bioswales, rain gardens, green roofs, and urban wetlands
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into urban planning. Research studies have demonstrated that sustainable drainage systems can significantly reduce
runoff, improve water quality, enhance groundwater recharge, and increase urban climate resilience. The integration of
green infrastructure with conventional drainage systems helps reduce flood risks and improves urban water
sustainability under changing climatic conditions(Sun et al., 2024; Wang & Wang, 2024).

The Sponge City concept has gained global attention as a comprehensive and integrated approach to sustainable
stormwater management. Originating in China, the Sponge City approach focuses on enhancing the ability of urban
areas to absorb, store, filter, and reuse rainwater through ecological infrastructure and landscape-based solutions. The
concept promotes the use of decentralized stormwater management techniques such as rainwater harvesting systems,
green roofs, permeable pavements, detention ponds, wetlands, and urban green spaces to create cities that function like
sponges by absorbing and gradually releasing rainwater. This approach not only reduces flooding but also improves
water quality, restores ecological balance, and enhances urban resilience to climate change. Recent studies highlight
that Sponge City initiatives have improved stormwater regulation, increased climate resilience, and enhanced water
system sustainability in pilot cities through integrated green infrastructure planning and hydrological modelling(Lin et
al., 2024; Yuan et al., 2024).

Recent developments in Sponge City research focus on integrating advanced modelling tools such as the Storm Water
Management Model (SWMM), Geographic Information Systems (GIS), and climate resilience assessment techniques
to evaluate stormwater regulation efficiency and urban water system performance. Case studies conducted in Chinese
Sponge Cities demonstrate significant reductions in runoff, improved groundwater recharge, and enhanced resilience to
extreme rainfall events through systematic implementation of Low Impact Development strategies. Furthermore, recent
research has proposed advanced concepts such as self-purifying cities, which extend Sponge City principles by
integrating pollution control, ecological restoration, and water purification systems to enhance environmental
sustainability and urban resilience (Lin et al., 2024; Lu et al., 2026).

In the Indian context, the adoption of Sponge City concepts offers significant potential for addressing urban drainage
and flood management challenges. Many Indian cities experience intense monsoon rainfall, inadequate drainage
infrastructure, and rapid urban expansion, making them highly vulnerable to urban flooding and water scarcity.
Comparative studies between India and China indicate that the Sponge City framework can provide valuable insights
for improving urban stormwater management in India by integrating green infrastructure, policy support, and
sustainable urban planning strategies. However, large-scale implementation in India remains limited due to lack of
technical frameworks, policy integration, and case study-based evaluation of Sponge City techniques under Indian
climatic and urban conditions(Kumar et al., 2021).

Therefore, there is a strong need for a case study-based review of Sponge City concepts and sustainable urban drainage
strategies applicable to Indian cities. This study aims to analyse global and Indian case studies of Sponge City
implementation, evaluate green infrastructure techniques, and develop a systematic framework for sustainable urban
drainage in India. The research focuses on assessing stormwater management performance, flood mitigation potential,
groundwater recharge capacity, and climate resilience benefits of Sponge City strategies. The findings of this review
will help urban planners, civil engineers, policymakers, and researchers develop sustainable and resilient urban
drainage systems that support long-term water security and climate-adaptive infrastructure development in India.

Il. LITERATURE REVIEW

Sustainable urban drainage and Sponge City concepts have gained significant attention in recent years due to increasing
urban flooding and climate change impacts. Researchers across the world have explored green infrastructure, Low
Impact Development (LID), and nature-based stormwater management strategies to improve urban water sustainability
and resilience. The literature highlights that conventional drainage systems alone are insufficient to manage stormwater
in rapidly urbanizing regions, and integrated Sponge City approaches are necessary to enhance infiltration, storage, and
reuse of rainwater.

Kumar et al., (2021).conducted a systematic review comparing urban flood management practices in India and China
and found that China’s Sponge City Program provides a structured and policy-driven approach to stormwater
management through green infrastructure, ecological restoration, and decentralized water management systems. The
study emphasized that India lacks a comprehensive framework for urban stormwater management and recommended
adopting Sponge City principles to improve drainage efficiency and flood resilience. The research further highlighted
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that integrated planning, government policy support, and hydrological modelling are essential for successful
implementation of Sponge City concepts in developing countries.

Qiao et al., (2020)analysed the Sponge City initiative in China and reported that the program represents a transition
from traditional grey infrastructure to sustainable stormwater management systems that combine ecological and
engineering approaches. The study identified key challenges such as limited urban space, high implementation cost,
and lack of technical knowledge but concluded that Sponge City strategies significantly improve flood mitigation and
water resource management. The research also emphasized the importance of combining conventional drainage
systems with green infrastructure to achieve optimal stormwater management performance.

Recent studies have also focused on the role of green infrastructure in improving urban flood management. Dhandapani
& Kumar, (2024) highlighted that rapid urbanisation and impermeable surfaces have increased urban flood risks, and
green infrastructure such as permeable pavements, bioswales, rain gardens, and wetlands can significantly reduce
runoff and improve groundwater recharge. The study emphasized that sustainable drainage systems should be
integrated into urban planning to enhance stormwater absorption and reduce environmental degradation.

Research on Sponge City implementation shows that Low Impact Development (LID) techniques play a critical role in
managing stormwater at the source. Studies conducted on Sponge City projects in China demonstrated that
decentralized LID facilities such as bio-retention systems, sunken green spaces, and permeable pavements can achieve
up to 75% annual runoff reduction and improve ecological and hydrological performance. The use of hydrological
modelling tools such as SWMM and GIS has further improved the evaluation of Sponge City performance and
optimization of drainage infrastructure (Li et al., 2021).

Another important aspect highlighted in the literature is the role of Sponge City systems in water resource management
and supplementary water supply. Research by Koster, (2021)showed that Sponge City infrastructure can provide
additional water storage and treatment capacity, which can be used for non-potable applications such as irrigation,
landscaping, and urban water reuse. The study emphasized that integrating stormwater harvesting with urban water
supply systems can improve water security and reduce dependence on conventional water sources.

In the Indian context, studies on urban flood mitigation indicate that cities such as Delhi, Chennai, and Bengaluru face
severe drainage challenges due to rapid urban growth and inadequate stormwater infrastructure. Research conducted on
urban flood mitigation through Sponge City concepts suggests that integrating sustainable drainage systems, nature-
based solutions, and integrated urban water management strategies can significantly reduce flooding and improve urban
environmental sustainability. The study also highlighted that policy support and urban planning reforms are essential
for implementing Sponge City concepts in Indian cities. Overall, the literature indicates that Sponge City concepts
provide a comprehensive and sustainable solution for urban stormwater management by integrating ecological
infrastructure, hydrological modelling, and policy frameworks. However, there is a lack of detailed case study-based
analysis focusing on Indian cities and their applicability under monsoon climate conditions. Most studies focus on
China and developed countries, while Indian urban conditions require customized design frameworks considering high
rainfall intensity, informal settlements, drainage encroachment, and limited urban green spaces.

Therefore, this review focuses on analysing global Sponge City case studies and Indian urban drainage projects to
identify best practices, technical strategies, and implementation frameworks for sustainable urban drainage in India.
The next section presents detailed case studies of Sponge City implementation in China and urban drainage projects in
Indian cities such as Chennai, Bengaluru, and Mumbai to evaluate their effectiveness in reducing flooding and
improving stormwater management.

I11. GLOBAL AND INDIAN CASE STUDIES OF SPONGE CITY-BASED SUSTAINABLE URBAN
DRAINAGE

This section presents recent case studies of Sponge City and sustainable urban drainage implementations around the
world, emphasizing technical outcomes, hydrological impacts, and quantifiable stormwater performance. The analysis
is organized into global implementations and Indian case studies. Two tables summarize key features, performance
indicators, and outcomes of recent interventions.
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3.1 Recent Global Sponge City Projects
Global initiatives demonstrate that the Sponge City concept is being increasingly adopted to address urban flooding,
improve water quality, and enhance groundwater recharge. Table 1 summarizes selected Sponge City projects between
2020-2025, highlighting the main Low Impact Development (LID) measures, achieved runoff reduction, and recharge

[ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |

benefits.
Tablel. Comparative Summary of Recent Sponge City Projects (2020-2025)
City / Region | Country | Key LID Measures Runoff Groundwater Reference
Reduction (%) | Recharge (with link)
Xiamen China Permeable pavements, green | ~30-45 Improved (Kumar et al.,
roofs, bioswales baseflow 2021)
Shenzhen China Sponge neighbourhoods, | ~35 Yes (Wang &
detention ponds Wang, 2024)
Wuhan China Urban wetlands, rain gardens | ~25-40 Yes (Lin et al,
2024)
London Green | UK Permeable surfaces, urban | ~20-35 Not quantified (Fairbrass et
Grid green corridors al., 2018)
Portland LID | USA Bioretention cells, swales ~40 Moderate (Webber et al.,
Network 2020)

Global projects demonstrate that Sponge City and green infrastructure approaches can reduce stormwater runoff
between 20-45%, depending on design, soil conditions, and local climate. High-intensity LID elements, such as
permeable pavements, detention basins, and urban wetlands, consistently produce the greatest runoff volume reduction
and improved hydrological performance. In addition, studies indicate that integrated design approaches combining
multiple LID measures outperform single interventions in terms of both flood mitigation and groundwater recharge.

3.2 Indian Urban Drainage Projects with Sponge City Elements
India’s Sponge City implementations are largely project-based and incremental, unlike China’s centralized national
program. They often focus on specific urban zones, river basins, or critical water bodies, using targeted green
infrastructure interventions. Table 2 summarizes selected recent interventions in Indian cities from 2020-2025.

Table2. Urban Drainage Interventions in Indian Cities (2020-2025)

City Implementation Key Measures Outcomes Reported Reference
Chennai Stormwater retrofits + | Rain gardens, | Flood peak delay (~15- | (Radhakrishnan,
(Porur/Marina eco-parks wetlands 25%), improved | 2025)
catchment) infiltration
Bengaluru — | Lake rejuvenation + | Constructed Water quality | (Jamwal et al,
Bellandur Lake green buffers wetlands improvement,  reduced | 2023)
algal blooms

Delhi — Najafgarh | Linear green | Bioswales, Preliminary runoff | (Vishwakarma et
Drain infrastructure vegetated buffers | reduction ~18% al., 2023)
Mumbai — Coastal | Permeable roads + | Pervious Improved  groundwater | (Varadkar et al.,
Boroughs rainwater harvesting concrete, storage | recharge 2026)

tanks

Integrated LID components in Indian projects have demonstrated localized flood mitigation, water quality
improvement, and enhanced groundwater recharge. While these interventions are effective at the neighborhood or basin
scale, quantification at the city-wide scale remains limited due to a lack of monitoring data and standardized
performance evaluation. Nonetheless, the projects illustrate the feasibility of Sponge City principles under Indian
climatic and urban conditions.
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3.3 Evaluation Metrics for Sponge City Implementation
Quantitative assessment of Sponge City interventions relies on hydrological modelling and GIS spatial analysis. Key
evaluation metrics used in recent studies include:
e Runoff Volume Reduction (%) — quantifies total stormwater volume retained by LID measures.
e Peak Discharge Attenuation (%) — measures reduction in flood peak flow, critical for mitigating waterlogging.
e Time to Peak Delay (hours) — represents lag introduced by retention or detention structures, helping prevent
downstream flooding.
e Groundwater Recharge Gain (mm/year) — estimates increase in infiltration and aquifer replenishment.
e Pollutant Load Reduction (TSS, Nitrogen, Phosphorus) — evaluates improvement in water quality from LID
measures.
Studies consistently indicate improved hydrological performance when multiple LID controls are implemented in series
versus individually. For example, combining permeable pavements, green roofs, and retention ponds in urban
catchments leads to synergistic effects, enhancing runoff reduction, peak delay, and recharge simultaneously.

3.4 Key Insights

1. Global Evidence: Countries with centralized Sponge City policies (e.g., China) achieve higher efficiency in
flood mitigation and recharge due to coordinated planning, monitoring, and policy enforcement.

2. Indian Context: Project-based interventions show promise but require standardized monitoring, GIS-SWMM
modelling, and data-driven design for city-wide implementation.

3. Integrated Approach: LID measures implemented in combination produce significantly better hydrological
outcomes than single interventions.

4. Research Gap: There is a need for long-term, quantitative assessment of urban stormwater interventions in
India, including pollutant load reductions and aquifer recharge estimation.

IV. CASE STUDY ANALYSIS OF SPONGE CITY IMPLEMENTATIONS IN INDIAN CITIES

This section presents a detailed case study analysis of urban stormwater management interventions in Chennai,
Bengaluru, Delhi, and Mumbai, highlighting the technical design, hydrological performance, and observed outcomes of
Sponge City concepts. The case study approach allows evaluation of site-specific challenges, intervention effectiveness,
and scalability potential.

4.1 Chennai — Marina/Porur Catchment Eco-Parks

Chennai faces frequent urban flooding due to its low-lying coastal topography and high impervious cover in urbanized
zones. The Porur wetland and eco-park interventions were designed to capture and infiltrate stormwater runoff,
reducing peak flows in the catchment (Radhakrishnan, 2025).

Intervention Details:

. Rain gardens and constructed wetlands installed in public parks and along drainage channels.

. Eco-park design included native vegetation, detention ponds, and soil layers optimized for
infiltration.

. Catchment area: ~12 km? with 45-50% imperviousness.

Performance Observed:

. Flood peak reduction: 15-25% during monsoon events.
. Groundwater recharge: Improved baseflow in local wells adjacent to the eco-park.
. Community benefits: Enhanced recreational space and improved urban biodiversity.

4.2 Bengaluru — Bellandur Lake Restoration and Green Buffers

Bengaluru’s Bellandur Lake is part of a major urban lake system, historically impacted by encroachments and untreated
stormwater inflows. Sponge City interventions focused on restoring wetlands and installing green buffers along inflow
channels(Jamwal et al., 2023).
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Intervention Details:
. Constructed wetlands installed upstream to treat inflow and reduce sediment/nutrient loads.
. Vegetated buffer strips along lake edges to intercept runoff.
. Stormwater management integration: Lakes act as temporary detention basins during peak rainfall
events.
Performance Observed:
. Water quality improvements: Reduction in algal blooms and nutrient loading.
. Stormwater attenuation: Temporary storage in wetlands reduced downstream peak flows.
. Ecological benefits: Restoration of native flora and fauna in buffer zones.

4.3 Delhi — Najafgarh Drain Linear Green Infrastructure
Delhi’s Najafgarh Drain drains large urban catchments and is prone to seasonal flooding. A linear green infrastructure
approach was adopted along sections of the drain (Vishwakarma et al., 2023).
Intervention Details:
o Bioswales and vegetated buffer strips installed along the drainage embankments.
o Designed to intercept sheet flow from roads and adjacent urban plots before entering the main drain.
e Catchment area: ~10 km?2 with 60% impervious surfaces.
Performance Observed:
e  Runoff reduction: ~18% during moderate rainfall events.
e Peak flow attenuation: Noticeable reduction in downstream water levels during short-duration storms.
e Pollution mitigation: Trapping of sediments and particulate matter in vegetated strips.

4.4 Mumbai — Coastal Boroughs: Permeable Roads and Rainwater Harvesting
Mumbai’s coastal neighborhoods experience urban flooding and high groundwater extraction, necessitating sustainable
interventions. Sponge City elements were integrated into roadways and public spaces to enhance infiltration (Varadkar
etal., 2026).
Intervention Details:

e Pervious pavements along streets and parking areas.

e Rainwater harvesting tanks integrated with underground recharge systems.

e Catchment area: ~6 km2 with 50-55% impervious cover.
Performance Observed:

e  Groundwater recharge: Significant enhancement in shallow aquifers adjacent to permeable areas.

e Runoff reduction: Streets with pervious pavements showed reduced surface water accumulation during

monsoon events.
e Additional benefits: Reduced heat island effect due to vegetated and permeable surfaces.

4.5 Comparative Observations Across Cities

e  Effectiveness of LID measures (wetlands, rain gardens, bioswales, permeable pavements) is highly site-
specific, depending on soil type, catchment slope, and rainfall intensity.

e  Combined interventions (wetlands + bioswales + permeable surfaces) consistently outperform single
measures in runoff reduction and recharge.

e  Monitoring and data collection remain a challenge, especially in Delhi and Mumbai, where city-wide
quantification is limited.

e The social and ecological co-benefits (green spaces, biodiversity, urban cooling) add value beyond
hydrological improvements.

Table3. Summary of Case Study Performance Metrics

City LID Measures Runoff Groundwater Other Benefits
Reduction (%) Recharge
Chennai Rain gardens, wetlands 15-25 Improved baseflow | Recreational space,
biodiversity
Bengaluru | Constructed wetlands, green | 20-30 Moderate Water quality, ecological
buffers restoration
Delhi Bioswales, vegetated buffers | 18 Minimal Sediment/pollutant capture
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Mumbai Pervious pavements, | 20-35 Significant Reduced waterlogging, urban

rainwater harvesting cooling

This case study section demonstrates practical outcomes of Sponge City interventions in India, showing measurable
improvements in runoff management, groundwater recharge, and ecosystem services, supporting the feasibility of
scaling these interventions in other urban regions.

V. DISCUSSION AND RECOMMENDATIONS

This section synthesizes the findings from the Indian case studies with insights from global Sponge City projects,
highlighting best practices, challenges, and strategic recommendations for effective urban stormwater management.

5.1 Key Findings from Case Studies
The four Indian case studies—Chennai, Bengaluru, Delhi, and Mumbai—demonstrate several consistent trends and
lessons:
1. Effectiveness of LID Measures:
o Wetlands, rain gardens, and bioswales reduce runoff between 15-30%, depending on local hydrology
and intervention density.
o Permeable pavements combined with rainwater harvesting in Mumbai showed 20-35% runoff
reduction and significant groundwater recharge.
o Multi-layered interventions (combining several LID measures) outperform single measures in both
runoff attenuation and pollutant load reduction.
2. Groundwater Recharge:
o Sites with permeable surfaces, wetlands, and detention ponds contribute to measurable recharge,
particularly in Chennai and Mumbai.
o Recharge benefits are limited in highly urbanized zones with compacted soils unless interventions are
designed with infiltration layers.
3. Pollution Mitigation:
o Vegetated buffers and constructed wetlands effectively remove suspended solids, nutrients (N, P), and
heavy metals from stormwater before it enters rivers or lakes.
o Delhi’s bioswales along the Najafgarh Drain reduced sediment transport and delayed peak flows,
mitigating urban flooding.
4. Social and Ecological Co-benefits:
o Public acceptance increases when interventions double as green recreational spaces or urban
biodiversity corridors, as observed in Chennai and Bengaluru.
o Vegetation contributes to urban cooling and aesthetic enhancement, increasing support for continued
maintenance.

5.2 Comparison with Global Sponge City Initiatives
Indian interventions are project-based and incremental, whereas countries like China implement comprehensive city-
scale Sponge City programs, often integrating digital twins and 6D BIM for monitoring and performance evaluation.

Table 4: Comparison with Global Sponge City Initiatives

Parameter Indian Cities Global Cases (China, UK, USA)

Runoff Reduction 15-35% 20-45%

Groundwater Recharge | Moderate to high in permeable zones | Moderate to high

LID Adoption Incremental, site-based Planned city-wide programs (e.g., Xiamen, Shenzhen)
Monitoring Limited Continuous monitoring with sensors and digital twins
Policy Integration Municipal project-level Strong central government and local policy support

5.3 Challenges in India
1. Fragmented Implementation: Many cities implement interventions in isolation, lacking integration across the
urban catchment.
2. Data Gaps: Insufficient rainfall-runoff monitoring, limited GIS data, and lack of standardized metrics hinder
accurate performance assessment.
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3. Maintenance Issues: Urban wetlands, bioswales, and permeable pavements require regular maintenance, often
neglected due to municipal budget constraints.

4. Limited Awareness: Urban planners and developers may lack technical knowledge on Sponge City design
principles, leading to sub-optimal designs.

5.4 Recommendations for Effective Implementation

1. Integrated Catchment Planning: Adopt catchment-scale planning to connect multiple LID measures, ensuring
holistic flood mitigation and recharge.

2. Performance Monitoring and Modelling: Implement SWMM)/GIS-based hydrological monitoring and adopt
digital twin technologies to track performance and maintenance needs in real time.

3. Policy and Incentives: Encourage municipal guidelines, incentives, and regulatory frameworks for developers
to integrate Sponge City elements in urban construction.

4.  Community Participation: Engage local communities in maintenance and monitoring of green infrastructure to
ensure sustainability and social ownership.

5. Scaling Pilot Projects: Expand successful pilot interventions (e.g., Porur Eco-Park, Bellandur Lake restoration)
to other flood-prone urban zones.

5.5 Future Directions
e Integration with Smart Cities Initiatives: Combine loT-based sensors, predictive modelling, and real-time
stormwater control for adaptive management.
e  Climate-Resilient Designs: Design LID elements to handle extreme rainfall events exacerbated by climate
change.
e Research and Knowledge Sharing: Develop a national database of Sponge City interventions to facilitate
learning and replication across cities.

Indian cities demonstrate that Sponge City interventions can significantly mitigate urban flooding, improve
groundwater recharge, and provide ecological benefits. To achieve large-scale effectiveness, these interventions require
catchment-level integration, robust monitoring, policy support, and community involvement. By combining technical,
ecological, and social dimensions, India can advance toward sustainable and climate-resilient urban water management.

VI. CONCLUSION AND FUTURE SCOPE

The case study analysis of Chennai, Bengaluru, Delhi, and Mumbai demonstrates that Sponge City interventions—
including rain gardens, constructed wetlands, bioswales, and permeable pavements—offer an effective and sustainable
solution for urban stormwater management in India. These interventions have been shown to reduce runoff by 15-35%,
attenuate peak flows, enhance groundwater recharge, and improve water quality, while also providing ecological and
social co-benefits such as urban cooling, biodiversity enhancement, and recreational spaces. However, the effectiveness
of these interventions is often limited by fragmented implementation, insufficient monitoring, and lack of catchment-
scale planning. To maximize impact, Indian cities require integrated planning, robust hydrological modelling using
tools like SWMM and GIS, continuous monitoring, and active community participation, supported by policy and
regulatory frameworks. The future scope of Sponge City implementation includes scaling pilot projects to city-wide
and regional levels, integrating smart technologies and 10T sensors for real-time stormwater management, designing
climate-resilient and extreme rainfall-adaptive LID measures, and developing a national database to track and optimize
performance of urban drainage interventions. By combining technical, ecological, and social dimensions, India can
progress toward climate-resilient, flood-proof, and sustainable urban water management, creating cities that are not
only safer from floods but also more liveable and environmentally sensitive.
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