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ABSTRACT
Urban areas across the globe are experiencing increasing challenges associated
with stormwater management due to rapid urbanization, impervious surfaces, and
changing precipitation patterns driven by climate change. Traditional grey
infrastructure, such as pipes and concrete drains, has proven insufficient to
address flooding, water quality degradation, and ecosystem loss. Green
Infrastructure (Gl) has emerged as an innovative and sustainable alternative,
incorporating natural processes to reduce runoff, enhance infiltration, and
improve water quality. This paper explores the role of GI in urban stormwater
management, focusing on techniques such as bioretention systems, green roofs,
permeable pavements, and constructed wetlands. The discussion also includes
performance evaluation, design considerations, and case studies that highlight
the potential of GI in reducing urban flooding and pollution. Furthermore, socio-
economic and policy perspectives are addressed to emphasize the need for
integrated planning and community participation. The findings indicate that GI

not only mitigates hydrological and environmental challenges but also delivers
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multiple co-benefits including urban biodiversity enhancement, climate resilience,
and improved urban aesthetics. Recommendations for future research and policy

directions are also presented.
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INTRODUCTION

Urbanization has transformed natural landscapes into built-up environments characterized by
impervious surfaces such as roads, parking lots, and rooftops. This transformation severely alters
the hydrological cycle by reducing infiltration and increasing surface runoff. Consequently,
urban stormwater management has become a pressing concern for city planners and engineers.
Conventional stormwater management systems largely depend on grey infrastructure, which is
effective in conveyance but inadequate in mitigating water quality issues, ecological disruption,
and climate resilience.

Green Infrastructure (GI) represents a paradigm shift, promoting decentralized, nature-based
solutions for stormwater management. By mimicking natural hydrological processes, GI reduces
runoff, improves water quality, and enhances groundwater recharge while also contributing to
ecosystem restoration. This paper aims to analyze the design, performance, and socio-economic

implications of GI in urban stormwater management.

CONCEPT OF GREEN INFRASTRUCTURE

Green Infrastructure refers to a strategically planned network of natural and semi-natural systems
designed to deliver ecological, economic, and social benefits. In the context of stormwater
management, GI integrates vegetation, soils, and natural processes to manage water sustainably.
It offers a multifunctional approach compared to grey systems, aligning with the principles of

sustainable urban development.

77 | Page 76-80 © MANTECH PUBLIATIONS 2016. All Rights Reserved



Journal of Water Resource Engineering and Pollution Studies
MANIECH
Publications Volume 1, Issue 2, May-August, 2016

TECHNIQUES OF GREEN INFRASTRUCTURE

Bioretention Systems

Bioretention systems, commonly referred to as rain gardens, are shallow depressions filled with
engineered soil and vegetation. They capture stormwater runoff, filter pollutants, and promote
infiltration.

Green Roofs

Green roofs consist of vegetation layers installed on rooftops. They intercept rainfall, reduce
runoff volume, provide insulation, and contribute to urban heat island mitigation.

Permeable Pavements

These are specially designed pavements that allow water to infiltrate through their surface,
thereby reducing surface runoff and enhancing groundwater recharge.

Constructed Wetlands

Engineered wetlands mimic natural wetland processes to treat stormwater through sedimentation,

nutrient uptake, and microbial degradation.

DESIGN AND PERFORMANCE PARAMETERS
The performance of GI systems depends on hydrological, hydraulic, and ecological parameters.

Table 1 presents an overview of design considerations.

Table 1: Design and Performance Parameters of Selected GI Techniques

GI Technique ||Design Considerations Performance Outcomes
Bioretention Soil media depth, vegetation type,|Reduces runoff, removes suspended
Systems drainage layer solids and nutrients

Load-bearing capacity, plant|[Retains rainfall, reduces peak runoff,
Green Roofs

selection, substrate thickness improves insulation
Permeable Aggregate gradation, infiltration rate,||[Enhances infiltration, reduces flooding,
Pavements sub-base design groundwater recharge
Constructed Hydraulic retention time, wetland|Improves water quality, biodiversity,
Wetlands plants, basin geometry pollutant removal
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CASE STUDIES

Several cities have successfully implemented GI for stormwater management. For example:

. Portland, USA: Introduced bioswales along streets to reduce combined sewer overflows.
. Copenhagen, Denmark: Utilized green roofs and retention basins to address extreme
rainfall.

. New Delhi, India: Pilot projects in low-lying urban areas with permeable pavements to

reduce localized flooding.

These case studies demonstrate the adaptability of GI in diverse urban contexts.

SOCIO-ECONOMIC AND POLICY IMPLICATIONS

Green Infrastructure provides multiple co-benefits beyond stormwater management. It improves
air quality, enhances urban biodiversity, and increases property values. Socio-economic
acceptance, however, requires awareness campaigns, incentives, and stakeholder involvement.
Policy frameworks must integrate GI into urban planning regulations, zoning laws, and
stormwater management policies. Financial instruments such as subsidies and tax incentives can

further encourage adoption.

LIMITATIONS AND CHALLENGES

Despite its potential, GI faces challenges including high initial costs, limited technical expertise,
and maintenance requirements. Urban land scarcity also limits large-scale implementation.
Additionally, quantifying the long-term performance and resilience of GI under changing

climatic conditions remains a research priority.

CONCLUSION

Green Infrastructure techniques represent a sustainable solution to urban stormwater
management challenges. By integrating natural processes into urban planning, GI reduces runoff,
enhances water quality, and provides multiple environmental and social benefits. The evidence

from case studies underscores the feasibility and effectiveness of GI. To maximize impact, future
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efforts must focus on capacity-building, community participation, and supportive policy

frameworks. Ultimately, GI can transform cities into resilient, livable, and sustainable spaces.

REFERENCES

[1] Fletcher, T.D., Shuster, W., Hunt, W.F., et al. (2015). "SUDS, LID, BMPs, and more: The
evolution and application of terminology surrounding urban drainage." Urban Water Journal,
vol. 12, no. 7, pp. 525-542.

[2] Li, H., & Davis, A.P. (2009). "Water quality improvement through reductions of pollutant
loads using bioretention." Journal of Environmental Engineering, vol. 135, no. 8, pp. 567-576.
[3] Gill, S.E., Handley, J.F., Ennos, A.R., & Pauleit, S. (2007). "Adapting cities for climate
change: The role of green infrastructure." Built Environment, vol. 33, no. 1, pp. 115-133.

[4] Chui, T.F.M., Liu, X., & Zhan, W. (2016). "Assessing cost-effectiveness of specific LID
practice designs in response to large storm events." Journal of Hydrology, vol. 533, pp. 353-364.
[5] Voskamp, .M., & van de Ven, F.H.M. (2015). "Planning support system for climate
adaptation: Composing effective sets of green and grey infrastructure measures." Building and
Environment, vol. 83, pp. 159-167.

[6] Shafique, M., Kim, R., & Kyung-Ho, P. (2018). "Application of green blue roof to mitigate
heat island phenomena and resilient urban stormwater management." Sustainable Cities and
Society, vol. 41, pp. 846—857.

[7] UN-Habitat. (2017). New Urban Agenda: Green Infrastructure and Sustainable Cities.
Nairobi: United Nations.

[8] Roy, A.H., Wenger, S.J., Fletcher, T.D., et al. (2008). "Impediments and solutions to
sustainable, watershed-scale urban stormwater management." Environmental Management, vol.

42, no. 2, pp. 344-359.

80 | Page 76-80 © MANTECH PUBLIATIONS 2016. All Rights Reserved



