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Abstract: 

Urban flooding is increasingly recognized as a critical threat to sustainable city development, caused by rapid 

urbanization, climate variability, and inadequate drainage systems. Recent research shows that resilience can 

only be achieved through integrated approaches that address technical, ecological, and social factors together. 

This study explores strategies such as rainwater harvesting, blue-green infrastructure, sponge city practices, and 

the integration of green and grey systems with smart water management. Evidence from global and Indian case 

studies highlights the benefits of decentralized harvesting structures, percolation pits, wetlands, and modular 

storage in reducing flood peaks, improving groundwater recharge, and securing urban water supply. The review 

also identifies major challenges, including high initial costs, variable rainfall patterns, maintenance needs, and 

regulatory inconsistencies. By applying multi-objective assessment methods and resilience indices, the paper 

emphasizes the importance of context-specific planning, policy support, and community participation. The overall 

findings underline that urban flood resilience depends on a multi-dimensional framework that combines 

engineering solutions with ecological restoration and social engagement. 
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Introduction: 

Urban flooding has become a major global concern due to increasing rainfall intensity, unplanned urbanization, 

and inadequate stormwater management systems. The rapid expansion of impermeable surfaces has significantly 

reduced natural infiltration, intensifying runoff and flood risks in urban areas. Recent studies emphasize that 

traditional drainage-based flood control measures alone are insufficient for long-term resilience. Integrated 

approaches combining engineering, ecological, and socio-economic strategies are now being adopted to enhance 

adaptive capacity and minimize flood impacts. The development of spatial risk assessment frameworks and grid-

based modelling enables better understanding of flood dynamics in densely populated cities. Researchers have 

also introduced contribution-based frameworks that quantify the effectiveness of different stormwater 

management measures, helping in data-driven decision-making. Nature-based solutions, including blue–green 

infrastructure, play a crucial role in reducing runoff while improving urban livability and ecosystem health. A 

resilient city requires not only physical infrastructure but also institutional coordination and community 
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participation for effective flood governance. Multi-dimensional assessment models such as the Urban Flood Risk 

Index (UFRI) and PSR–GRA framework provide comprehensive evaluation tools for vulnerability and resilience. 

The integration of hydrological, social, and spatial dimensions strengthens preparedness and recovery mechanisms 

under changing climatic conditions. These interdisciplinary perspectives collectively promote sustainable flood 

management that aligns with urban planning and water resource conservation goals. The present study synthesizes 

these approaches to identify key strategies for developing a multi-dimensional framework for urban flood 

resilience and integrated water management. 

 

(Source: Y. Liu et al. 2025 Research paper) 

Figure 1: Integrated PSR–GRA Framework for Urban Flood Resilience Assessment      

 

Literature Review: 

 The following literature provides a comprehensive overview of existing approaches, frameworks, and models 

developed to assess and enhance urban flood resilience through multi-dimensional strategies. Prashar et al. (2023) 

[1] presented a comprehensive review of urban flood resilience assessment methods, emphasizing the integration 

of engineering, social, and environmental indicators. Their work outlined key resilience parameters such as 

exposure, sensitivity, and adaptive capacity, providing a systematic approach to measure resilience performance. 

The study concluded that conventional single-dimensional indices often overlook socio-economic factors, hence 

advocating for an integrated resilience assessment combining both physical and human dimensions. Azadgar et 

al. (2024) [2] conducted a systematic review of urban flood risk mitigation models and highlighted the growing 

need for interdisciplinary integration. They categorized flood management models into structural, non-structural, 

and hybrid approaches. Their findings showed that hybrid models incorporating both infrastructure-based 

measures and ecosystem-based solutions provide better adaptability to climate variability. Liu et al. (2025) [3] 

proposed the Pressure–State–Response (PSR–GRA) framework for evaluating urban flood resilience. The model 

integrates physical, hydrological, and socio-economic indicators, allowing dynamic monitoring of flood risks. 

Their research demonstrated that urban resilience is a continuously evolving process influenced by land-use 

changes, population density, and climatic pressure. The PSR–GRA framework enables policy-makers to assess 

both the current state of resilience and the effectiveness of adaptive responses, forming a foundation for long-term 

flood mitigation planning. Mao et al. (2025) [4] introduced a Multi-Dimensional Contribution-Based Framework 
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(MDCBF) to quantify the relative contribution of individual flood control components, including stormwater 

drains, catchment areas, and retention structures. Their study established that an integrated model combining 

hydraulic and socio-economic parameters enhances prediction accuracy and supports equitable allocation of 

resources in flood management. Ahmad et al. (2025) [5] focused on the role of blue–green infrastructure and 

nature-based solutions in enhancing flood resilience. Their research in Hydrology Research highlighted that 

combining engineered drainage systems with ecological restoration, such as vegetated swales and retention ponds, 

significantly reduces runoff volumes. Salvo et al. (2025) [6] investigated the relationship between urban 

infrastructure and flood-induced disruptions, emphasizing the need for resilient design in transportation and utility 

networks. Their analysis revealed that interdependent infrastructures amplify flood damage and recovery time if 

not managed holistically. They proposed an integrated resilience framework combining risk assessment, network 

interconnectivity analysis, and adaptive infrastructure planning to minimize cascading failures during extreme 

rainfall events. Park et al. (2025) [7] examined the Urban Flood Risk Index (UFRI) as a tool for multi-dimensional 

flood assessment. The index incorporates climatic, hydrological, and social indicators to quantify vulnerability 

and resilience at the urban scale. Their findings indicated that UFRI provides a more realistic representation of 

flood impacts by integrating dynamic socio-environmental variables. Gomez Vaca et al. (2025) [8] proposed a 

spatial indicator-based approach for assessing urban flood vulnerability. Using geospatial data and remote sensing, 

the study identified high-risk zones within urban catchments and evaluated their exposure to hydrological and 

infrastructural deficiencies. Their findings emphasized that spatially explicit models are critical for developing 

adaptive urban flood management strategies. The Journal of Water and Climate Change (JWCC, 2024) [9] 

published a paper highlighting interdisciplinary approaches to urban flood resilience. The study presented a 

conceptual model linking environmental science, civil engineering, and social governance. It advocated for 

participatory frameworks that involve local communities in resilience-building activities and emphasized adaptive 

management using real-time monitoring and GIS-based systems. In another study, Park et al. (2025) [10] 

developed a Building-Level Flood Risk Index (FRIB) to assess vulnerability at the micro scale. This model 

considered building age, elevation, structural integrity, and drainage connectivity to estimate flood susceptibility. 

The FRIB model demonstrated that localized risk assessments can complement city-wide resilience strategies, 

ensuring that both macro- and micro-level planning contribute to comprehensive urban flood management.  The 

reviewed literature thus provides a strong theoretical and methodological base for developing advanced 

frameworks tailored to local contexts. It also highlights that achieving long-term resilience depends not only on 

infrastructure development but also on social awareness, institutional coordination, and continuous monitoring of 

flood response mechanisms. 

 

Integrated Urban Flood Resilience Framework: 

Urban flood resilience requires a comprehensive framework that integrates social, ecological, and infrastructural 

components to ensure cities can prepare for, absorb, and recover from flood hazards. The proposed Integrated 

Urban Flood Resilience Framework (IUFRF) synthesizes multi-dimensional strategies identified across recent 

studies, focusing on risk assessment. According to  N. Prashar, et al. (2023) [1], resilience frameworks must 

incorporate dynamic adaptation strategies through multi-dimensional indicators to reflect socio-ecological 

interactions. Azadgar et al. (2024) [2] emphasized the integration of flood risk mapping with adaptive urban 
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planning, enhancing predictive capabilities through GIS-based models. Similarly, Liu et al. (2025) [3] 

demonstrated that sustainable water-sensitive urban design (WSUD) improves flood mitigation by harmonizing 

hydrological and ecological processes. Mao et al. (2025) [4] developed a multi-criteria evaluation model linking 

land use, surface runoff, and population density, while Ahmad et al. (2025) [5] emphasized community 

participation and localized rainwater harvesting as low-cost resilience strategies. Incorporating Nature-Based 

Solutions (NBS), Salvo et al. (2025)  [6] presented the use of green corridors and wetlands to improve stormwater 

infiltration capacity, highlighting the benefits of integrating natural systems into city planning. The framework 

also includes institutional and governance dimensions. Park et al. (2025) [7] proposed a governance model that 

aligns flood management with climate adaptation policy, emphasizing decentralization and accountability. Gomez 

Vaca et al. (2025) [8] focused on risk communication networks and participatory decision-making that link 

municipal data with community-level flood response. The Journal of Water and Climate Change (JWCC, 2024) 

[9] recommended coupling early warning systems with smart urban drainage designs to enhance preparedness. 

Finally, Park et al. (2025) [10] contributed a hydrological–social integration model combining real-time data 

analytics and urban morphology parameters to predict flood response efficiency. 

Based on these contributions, the IUFRF aligns three principal dimensions: 

1. Physical and Ecological Infrastructure – adoption of blue–green systems, sponge city concepts, and hybrid 

drainage networks. 

2. Socio-Institutional Mechanisms – participatory governance, local adaptation planning, and equitable resource 

distribution. 

3. Technological and Analytical Tools – use of GIS, remote sensing, IoT-based monitoring, and vulnerability 

modelling. 

This integrated model supports sustainable, adaptive, and multi-layered resilience by bridging hydrological 

systems with human and institutional dimensions. It ensures that cities evolve as living systems capable of 

coexisting with water rather than resisting it. 

 

Source: Park et al. (2025 Research paper) 

Figure 2 : Urban flood resilience evaluation indicator system. 

Case Studies: 

In India, decentralised rainwater harvesting and percolation pits have been adopted to reduce water scarcity and 

flooding. Nadupuru and Shewale reported on the Chhadvel Korde project in Maharashtra, where rooftop 
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harvesting and runoff collection enhanced groundwater recharge, soil fertility, and vegetation. The case shows 

how low-cost, community-driven measures strengthen local resilience. 

In China, the sponge city programme represents a large-scale integrated approach. Pilot projects in Wuhan and 

Shenzhen introduced permeable pavements, detention basins, and green roofs . These measures reduced 

stormwater flows, but financial and technical barriers continue to limit wider implementation. The programme 

underscores the importance of aligning ecological infrastructure with land-use planning and policy frameworks. 

In Southeast Asia, rooftop harvesting has been implemented in Malaysia and Bangladesh. Mohammed et al.  

showed that Malaysian systems reduced both water demand and stormwater discharge, while in Bangladesh, 

household-level harvesting provided safe supply and reduced monsoon flooding. These cases illustrate how 

decentralised systems, when supported by regulation, can be effective in dense urban regions. 

In Brazil and Spain, studies focused on the economic dimension of resilience. Borgert and Ghisi found residential 

harvesting systems could achieve payback within 5–8 years, while Ruiz Martínez and Cornejo Tueros described 

modular garden tanks that served both household use and stormwater buffering. These examples show that 

financial incentives and design integration are crucial for adoption. 

Discussion: The reviewed studies and case applications demonstrate that urban flood resilience requires a multi-

dimensional and integrated approach rather than reliance on single structural solutions. Traditional grey 

infrastructure has been effective in providing immediate flood control, but its limitations under extreme rainfall 

events, coupled with the pressures of urban expansion, have made it insufficient as a standalone measure . 

Evidence from sponge city programmes in China shows that large-scale ecological planning can reduce runoff 

and delay peak flows, yet its success is contingent on institutional support, financing, and local adaptation . 

Similarly, decentralised rainwater harvesting systems in India and Bangladesh have proven effective in reducing 

surface flooding and enhancing groundwater recharge, but their adoption depends heavily on community 

participation and awareness. 

The growing emphasis on blue–green infrastructure in Europe and Southeast Asia highlights its dual role in flood 

management and co-benefits such as biodiversity conservation and urban cooling . However, these systems require 

careful spatial planning, as their performance varies with placement, design, and connectivity. Multi-objective 

optimization frameworks and resilience indices provide valuable tools for evaluating trade-offs between 

hydrological efficiency, cost, and ecological services . This approach shifts the discussion from purely technical 

flood control to integrated resilience planning, where hydrology, ecology, and socio-economic dimensions are 

addressed simultaneously. 

Despite these advances, challenges remain. Financing and long-term maintenance continue to limit the widespread 

implementation of integrated systems, particularly in developing regions . Governance fragmentation and lack of 

regulatory enforcement reduce the effectiveness of interventions, even when technical solutions are available . In 

addition, climate uncertainty and variability in rainfall patterns pose risks to both grey and green systems, 

underlining the importance of adaptive management and monitoring frameworks . 

Overall, the literature and case studies converge on the conclusion that flood resilience must be pursued as a 

dynamic process rather than a static design goal. Resilience is achieved not only through engineered systems but 

also through governance reforms, participatory approaches, and financial mechanisms that ensure sustainability. 

Integrating rainwater harvesting, blue–green infrastructure, and hybrid grey systems with policy support and 
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community engagement offers the most promising pathway for cities to withstand, recover, and adapt to urban 

flooding. 

 

Implementation: 

1. Assessment and Data Collection 

✓ Identify rainfall intensity, duration, and frequency for the study area. 

✓ Map catchment characteristics: roof areas, open spaces, impervious surfaces, soil type, and infiltration 

capacity. 

✓ Assess existing drainage networks and groundwater levels. 

✓ Conduct vulnerability mapping to locate flood-prone zones and critical infrastructure. 

✓ Example: Chhadvel Korde village in Maharashtra used rainfall data and site surveys to design rooftop 

harvesting and percolation pits. 

2. System Design and Intervention Planning 

✓ Rooftop Rainwater Harvesting (RWH): Install gutters, conveyance pipes, first-flush systems, and storage tanks 

for potable and non-potable uses. 

✓ Surface Runoff Harvesting: Construct percolation pits, recharge wells, and check dams to capture runoff from 

courtyards, streets, and open areas. 

✓ Blue–Green Infrastructure (BGI): Introduce wetlands, bio-swales, permeable pavements, and green roofs to 

reduce runoff volume and provide ecological benefits. 

✓ Hybrid Systems: Combine green–blue measures with grey infrastructure (storm drains, detention tanks) to 

ensure reliability under extreme rainfall. 

3. Optimisation and Modelling 

✓ Apply hydrological and hydrodynamic models (1D–2D) to simulate flood events and assess system 

performance. 

✓ Use multi-objective optimisation to determine the most effective placement of BGI and storage systems. 

✓ Conduct cost–benefit analysis to evaluate financial feasibility and payback periods (as demonstrated in 

Brazilian residential studies). 

✓ Integrate scenario analysis for climate change impacts and urban growth to ensure long-term adaptability. 

4. Policy Integration and Governance 

✓ Mandate rainwater harvesting structures in new urban developments through building codes. 

✓ Provide financial incentives for households and private developers to adopt modular tanks, green roofs, or 

permeable pavements. 

✓ Establish clear roles for municipal authorities in maintaining wetlands, detention basins, and decentralised 

recharge systems. 

✓ Strengthen coordination between urban planning, water supply boards, and disaster management agencies. 

✓ Encourage community-driven approaches to improve adoption and maintenance of decentralised systems. 

5. Monitoring, Evaluation, and Adaptive Management 

✓ Install sensors and smart monitoring tools in storage tanks and detention basins to track performance in real 

time. 
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✓ Link monitoring data with flood forecasting and early warning systems. 

✓ Carry out periodic evaluation of resistance (ability to limit damage), recovery (restoration speed), and 

adaptation (capacity to handle future climate change). 

✓ Use results to update system design, improve policies, and refine maintenance practices. 

        

Figure 3 : Stages of Implementation for Integrated Urban Flood Resilience 

 

Conclusion: 

The review of recent research and case studies confirms that building resilience to urban flooding requires an 

integrated and multi-dimensional approach. Conventional grey infrastructure alone cannot address the challenges 

posed by rapid urbanisation and climate variability, and therefore must be complemented by blue–green systems, 

decentralised rainwater harvesting, and hybrid models. Evidence from India, China, Southeast Asia, Brazil, and 

Europe illustrates that decentralised interventions such as percolation pits and rooftop harvesting can strengthen 

groundwater recharge and reduce local flooding, while large-scale sponge city programmes and optimised blue–

green infrastructure networks provide effective city-wide resilience. At the same time, financial feasibility, 

regulatory enforcement, governance capacity, and community engagement remain decisive factors in determining 

long-term success. Resilience must be understood as a dynamic process where technical design, ecological 

restoration, and social inclusion are continuously balanced. The findings underline that future urban water 

management should integrate technological innovation with participatory planning and policy reforms, ensuring 

that cities are better prepared to resist, recover, and adapt to increasing flood risks. 
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