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Urban flooding, water pollution, and aquifer depletion are pressing environmental issues in 

India's rapidly urbanizing landscape. Decentralized stormwater management through 

Sustainable Urban Drainage Systems (SUDS) presents an integrated and nature-based approach 

to address these concerns by merging natural processes with engineered systems. This paper 

critically evaluates core design principles, engineering methodologies, and performance metrics 

of decentralized SUDS solutions suited to Indian urban conditions. It explores key components 

such as infiltration units, vegetated conveyance systems, permeable surfaces, and treatment 

trains, analyzing each through hydrological modeling, soil characteristics, and case-based 

performance evaluations. The study concludes with technical and policy recommendations to 

scale SUDS adoption in Indian cities. 

1. Introduction 

Urban regions across India increasingly suffer from waterlogging, flash floods, and declining 

water quality due to expanding impervious surfaces and overburdened centralized drainage 

networks. Traditional stormwater systems emphasize rapid runoff conveyance, inadvertently 

exacerbating downstream flooding, reducing groundwater recharge, and deteriorating surface 

water quality. Sustainable Urban Drainage Systems (SUDS), particularly decentralized 
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implementations, aim to mitigate these challenges by detaining, infiltrating, filtering, and 

reusing stormwater close to its source. Grounded in civil engineering, hydrology, and 

environmental sciences, SUDS interventions can be modularly implemented at the building, 

street, and neighborhood scales. This review focuses on decentralized SUDS design and 

performance in Indian cities, emphasizing engineering techniques, hydrological efficiency, and 

real-world outcomes.  

2. Principles of Decentralized Stormwater Management 

2.1 Core Concepts of SUDS 

SUDS mimic natural hydrological processes to manage stormwater close to its source. Core 

techniques include: 

• Infiltration systems: soakaways, infiltration trenches, permeable pavements. 

• Detention and retention systems: rain gardens, bioswales, retention ponds. 

• Rainwater harvesting: collection and reuse of runoff. 

• Green roofs and vegetated surfaces: to reduce peak flows and enhance 

evapotranspiration. 

These systems are designed not just to convey stormwater but to treat, store, and reuse it. They 

are flexible and can be tailored to fit site-specific hydrological and land use contexts. 

2.2 SUDS Typologies and Their Integration in Indian Context 

SUDS can be categorized based on their location and primary function: 

• Source control: implemented at or near runoff generation points (e.g., rain barrels). 

• Site control: designed to manage runoff within a site (e.g., permeable parking lots). 

• Regional control: larger-scale systems (e.g., constructed wetlands). 

Integration requires adapting designs to India's climatic zones, rainfall intensity-duration-

frequency curves, and urban morphology. 

2.3 SUDS Design Metrics 

Table 1. Design performance is typically measured using the following engineering and 

sustainability metrics 

Metric Description 

Runoff Coefficient Reduction (RCR) Degree to which impermeability is offset by SUDS. 

Peak Flow Attenuation Reduction of maximum discharge after rainfall. 
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Volume Capture Efficiency (VCE) Proportion of rainfall volume retained or reused. 

Water Quality Improvement Index 

(WQII) 
Pollutant removal rates (e.g., TSS, BOD, N, P). 

Groundwater Recharge Index (GRI) Effectiveness in enhancing aquifer levels. 

Urban Heat Island Mitigation 

(UHIM) 

Cooling benefits from vegetation and 

evapotranspiration. 

2.4 Social and Economic Metrics 

• Cost-Effectiveness Index: Lifecycle cost vs. performance. 

• Community Engagement Score: Participation in planning and maintenance. 

• Aesthetic and Amenity Value Index: Qualitative and quantitative measures of urban 

livability enhancement. 

Metrics can be adapted for different regions depending on land use intensity, rainfall patterns, 

and hydrological characteristics. 

3. Design Principles of Decentralized SUDS 

Decentralized SUDS systems rely on distributed small-scale interventions that collectively 

contribute to flood mitigation and water quality enhancement. Design principles encompass 

hydraulic analysis, infiltration estimation, pollutant attenuation, and integration with existing 

infrastructure. 

3.1. Hydraulic Sizing and Volume Calculation 

Accurate estimation of stormwater volume is essential for designing effective decentralized 

SUDS. The Rational Method is frequently used for small urban catchments: 

Where:  
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• = peak discharge (m³/s) 

• = runoff coefficient 

• = rainfall intensity (mm/hr) 

• = catchment area (ha) 

In a rooftop harvesting system in Bengaluru, for a 1000 m² (0.1 ha) rooftop with a runoff 

coefficient of 0.85 and rainfall intensity of 50 mm/hr, the peak runoff was calculated as 

approximately 11.8 L/s. A detention tank of 25 m³, aligned at a 2% slope with a time of 

concentration of 12 minutes, significantly reduced surface runoff [2]. 

3.2. Infiltration Systems 

Infiltration-based elements such as soakaways and trenches allow stormwater to recharge 

aquifers by percolating through soil layers. Using Darcy’s Law, infiltration rates can be 

calculated based on soil permeability: 

 

In South Delhi, where clay-rich soil with an infiltration rate of 3 mm/hr is common, a 20 m² 

infiltration trench (1.2 m deep, 35% porosity) processed 25 m³ of stormwater within 18 hours. 

Protective filter fabrics and graded gravel reduced clogging, extending system functionality 

beyond two monsoon seasons [5]. 

3.3. Detention Basins and Retention Ponds 

These components temporarily store stormwater, flattening peak flow rates and facilitating 

reuse. Volume is determined by: 

At an industrial park in Pune, a decentralized retention basin spanning 2 

hectares was designed with a capacity of 0.05 m³/m², 3H:1V side slopes, and a 0.3 m freeboard. 

Flow was regulated via vortex valves. Monitoring showed a 70% reduction in peak flow during 

100-year design storms [6]. 

3.4. Permeable Pavements 

Permeable pavements reduce surface runoff by facilitating infiltration through porous 

materials. In Mumbai, 400 m² of 40% open-jointed pavers were installed by the BMC. This 

lowered the site runoff coefficient from 0.85 to 0.25. The pavement layers (150–450 mm thick) 
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were designed with reinforced sub-bases and edge restraints. Infiltration capacity remained 

above 100 mm/hr with quarterly maintenance [4]. 

3.5. Green Roofs and Bioswales 

Green roofs provide decentralized stormwater buffering while enhancing building energy 

efficiency. In a Delhi government building, a 600 m² green roof (substrate depth 150 mm, 

loading 250 kg/m²) reduced rooftop runoff by 50%. In Hinjewadi, Pune, vegetated bioswales 

along roads with 1:3 side slopes and filter media achieved 15-minute residence times and 

removed over 75% of total suspended solids (TSS) [6,8]. 

3.6. Wetlands and Treatment Trains 

Constructed wetlands are effective for decentralized treatment of stormwater from parks and 

campuses. A 400 m² wetland system in Chennai, designed for 100 m³/day inflow with a 3-day 

hydraulic retention time (HRT), included sedimentation basins and Typha-based vegetative 

zones. Performance metrics showed 90% bacterial and 50% nitrogen removal, modeled using 

first-order decay kinetics [9]. 

Table 2. Performance Metrics for Decentralized Systems 

Performance Metric Design Target Observed Range (India) Reference 

Peak Runoff Reduction ≥50% 55–75% BMC, 2022 [4] 

Infiltration Efficiency >80% 70–90% PWD Delhi, 2021 [5] 

TSS Removal Efficiency ≥70% 65–85% Pune Study [6,8] 

Cost-effectiveness < ₹500/m²/year ₹350–₹480 NIUA, 2020 [3] 

Maintenance Frequency Quarterly 3–4 times/year Multiple Cities [6] 

3.7 Challenges and Recommendations 

The main barriers to decentralized SUDS include limited regulatory frameworks, maintenance 

lapses, and low public participation. Monsoon variability and clogging of filtration systems 

further affect long-term reliability. Key engineering and policy recommendations include: 

• Mandating SUDS in building codes and urban bylaws 

• Creating city-specific design manuals and hydrological maps 

• Linking SUDS adoption with stormwater tax rebates 

• Deploying IoT-based monitoring for adaptive maintenance 

• Integrating SUDS into Smart City and AMRUT schemes 

4. Case Studies in India 
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4.1 Gurugram, Haryana 

A pilot project tested bio-retention systems and permeable pavements. Modeling with SWMM 

showed a 45% reduction in peak flows and improved recharge. Gurugram’s master plan now 

includes green infrastructure corridors. Stakeholder involvement and private developer 

incentives were critical to the project's success. 

4.2 Delhi 

Green roofs and decentralized rainwater harvesting were adopted in government buildings. 

Key metrics indicated over 30% reduction in runoff volume and improvement in local aquifer 

levels. However, scaling has been limited due to regulatory overlaps. Delhi also launched 

public awareness campaigns linking SUDS to monsoon preparedness. 

4.3 Bengaluru, Karnataka 

Despite severe flooding, initiatives like lake rejuvenation and bioswales in parks have 

demonstrated localized success. Integration with community-driven planning remains limited, 

and rapid urban expansion undermines long-term gains. Real-time flood modeling and sensor-

based monitoring have been introduced in select wards. 

4.4 Chandigarh 

Ranked highest in stormwater sustainability indices (Vishwakarma et al., 2023), with strong 

performance in drainage coverage and natural stream retention. Planning authorities adopted 

integrated urban water management strategies early on. The city incorporates green belts, 

contour zoning, and rooftop harvesting extensively. 

4.5 Pune, Maharashtra 

Through citizen-led initiatives and NGOs, Pune has implemented decentralized rainwater 

harvesting and restored nalas (streams). GIS tools have been used to plan green buffer zones 

and improve SUDS siting. Pune's Urban Biodiversity Index improved significantly post-

intervention. 

5. Challenges and Limitations 

• Policy fragmentation: Lack of national standards for SUDS integration. 

• Land use conflicts: Urban sprawl limits space for green infrastructure. 

• Maintenance: Many systems degrade due to poor upkeep. 

• Public awareness: Limited understanding of SUDS among stakeholders. 

• Technical expertise: Municipalities often lack trained professionals to design and 

manage SUDS. 



206   Decentralized Stormwater Management In …  Prathmesh R. Pati et. al. 

 

Nanotechnology Perceptions 20 No. 8 (2024) 200-207 

• Funding mechanisms: Budgetary constraints restrict adoption and scaling. 

• Data scarcity: Inadequate baseline hydrological data impedes planning. 

• Regulatory bottlenecks: Multiple agencies with overlapping mandates hinder 

coordination. 

5.1 Policy and Planning Recommendations 

• Develop national SUDS guidelines and performance standards. 

• Mandate stormwater management plans in urban development approvals. 

• Incentivize adoption through green building certifications and subsidies. 

• Integrate SUDS in Smart Cities and AMRUT programs. 

• Enhance capacity building for municipal engineers and planners. 

• Encourage public-private partnerships and community co-management. 

• Promote SUDS retrofitting in existing infrastructure. 

• Use digital twins and hydrologic simulation for predictive modeling. 

5.2 Interdisciplinary Implications 

SUDS require integration across multiple disciplines: 

• Engineering: Design and performance optimization. 

• Ecology: Ecosystem service delivery and urban biodiversity. 

• Sociology: Public perception, behavior, and co-management. 

• Economics: Valuation of ecosystem services and funding models. 

• Governance: Institutional coordination and legal frameworks. 

Collaboration among these domains is essential to ensure socially equitable, ecologically 

sustainable, and technically robust outcomes. 

6. Conclusion 

Decentralized SUDS systems offer technically viable, ecologically sound solutions for urban 

stormwater management in India. Through site-specific infiltration, detention, and bio-

treatment, these systems reduce flood risk, enhance groundwater recharge, and improve urban 

water quality. Their effectiveness hinges on accurate hydraulic design, contextual 

implementation, and robust performance evaluation. Engineering innovation, policy support, 

and stakeholder awareness will be crucial to mainstream decentralized SUDS across Indian 

cities. Decentralized stormwater management offers a promising solution for India’s urban 

water challenges. While isolated successes exist, scaling up SUDS requires coordinated 

planning, engineering innovation, and community involvement. A systems-based, metric-

driven approach can help cities transition from reactive flood control to resilient water-

sensitive urban design. 
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Comprehensive performance metrics, robust policy frameworks, and inclusive planning are 

key to unlocking the potential of SUDS in Indian cities. As urbanization intensifies, embracing 

nature-based solutions is not optional but essential. Future development must consider long-

term ecological health, social equity, and climate resilience in stormwater governance. 

6.1 Future Research Directions 

• Long-term performance monitoring of SUDS in Indian climates. 

• Integration with GIS and remote sensing for spatial planning. 

• Coupled hydrologic-economic models to assess cost-benefit ratios. 

• Community engagement models for decentralized implementation. 

• Studies on SUDS performance during extreme weather events and climate stress. 

• Evaluation of hybrid systems combining SUDS with conventional infrastructure. 

• Machine learning applications in SUDS performance prediction. 

• Local indigenous knowledge integration in SUDS design. 
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