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Abstract

Green infrastructure (Gl) offers a sustainable solution to urban challenges in residential areas,
providing benefits like effective stormwater management, climate mitigation, and improved
well-being. This review follows PRISMA guidelines to analyse global case studies and research
on Gl, evaluating its potential, challenges, and opportunities in residential settings. Data were
gathered from peer-reviewed articles and grey literature, focusing on ecosystem services,
sustainability, and urban resilience. The review highlights Gl's multifunctionality, showing
benefits such as flood risk reduction, biodiversity enhancement, and urban cooling, while
addressing implementation challenges. Global case studies, including Sponge City programs
in China, SuDS in Newcastle, and vertical gardens in Singapore, illustrate diverse Gl
applications. A comprehensive approach involving public awareness, policy support, technical
training, financial incentives, and stakeholder collaboration is key to overcoming barriers. In
Malaysia, adopting frameworks like SuDS and eco-friendly solutions, such as rain gardens and
green roofs, can enhance urban stormwater management and resilience. This study
emphasizes equitable Gl adoption, addressing environmental inequality, and fostering
community engagement. Future research should assess Gl benefits, understand demographic
variations, and integrate Gl with urban systems through cross-disciplinary collaboration. By
bridging knowledge gaps and fostering partnerships, Gl can create sustainable, resilient
residential communities, supporting environmental conservation and quality of life for
residents.

Keywords: Green Infrastructure, Residential Area, Environmental Benefits, Urban
Development, Green Spaces, Sustainability, Neighbourhood Improvement, Urban Planning
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Introduction
Background of Green Infrastructure

Green infrastructure (Gl) is defined as a strategic approach that employs natural
processes and systems to support urban development and land use planning while delivering
multiple benefits to society, the economy, and the environment. According to a
comprehensive entry in the Palgrave Encyclopedia of Urban and Regional Futures, Gl utilizes
nature and natural mechanisms for infrastructure development, emphasizing its
multifunctional characteristics that provide various ecosystem services simultaneously. These
benefits can be achieved both directly and indirectly through the implementation of Gl
initiatives (Osei et al., 2022). There are key characteristics of Gl; nature-based solutions (Osei
et al., 2022), multi-functionality (Ying et al., 2021), and integration with urban planning (Ying
et al., 2021). Gl incorporates both green (vegetation) and blue (water-related) elements, such
as parks, green roofs, wetlands, and permeable surfaces, which are essential for sustainable
drainage systems. This integration helps manage urban challenges like stormwater
management and urban heat islands. The structural approach of Gl allows it to produce
multiple services, supporting biodiversity, improving air quality, and enhancing recreational
opportunities for communities. This multifunctionality is crucial for addressing contemporary
urban issues while promoting ecological health. Gl emphasizes the importance of maintaining
and restoring natural networks within urban settings. It advocates for a coordinated
relationship between human activities and natural ecosystems, aiming to enhance resilience
against climate change impacts.

Gl provides extensive environmental, social, and economic benefits, making it a critical
solution for addressing urban challenges such as climate change, pollution, and population
growth. Environmentally, Gl enhances stormwater management by utilizing permeable
pavements, rain gardens, and green roofs to absorb and filter rainwater, reducing flooding
risks and improving water quality (Aswani, 2023; Dipeolu & Ibem, 2020). It also supports
ecosystem services such as air and water purification, biodiversity enhancement, and climate
regulation, with urban forests and green roofs mitigating the urban heat island effect by
providing shade and cooling (Ying et al., 2021; Wilo, 2024; EPA, 2024). Furthermore, Gl fosters
urban wildlife conservation by creating habitats in parks and community gardens, promoting
ecological balance and biodiversity (Aswani, 2023). Socially, Gl improves public health and
well-being by offering access to green spaces that enhance mental health, encourage physical
activity, and foster community interaction, while also improving resilience against climate-
related hazards such as heatwaves and flooding (Wilo, 2024; Ying et al., 2021; Herath & Bai,
2024; Sang & Pan, 2024). Economically, Gl is cost-effective, reducing infrastructure expenses
for stormwater management and energy consumption, with green roofs lowering utility costs
and boosting property values in areas with well-maintained green spaces (Sang & Pan, 2024;
EPA, 2024; Ying et al., 2021). Additionally, Gl contributes to local economies by creating jobs
in landscaping and environmental management, and reducing healthcare costs by promoting
healthier lifestyles and improving air quality (Aswani, 2023; EPA, 2024). By integrating natural
systems into urban planning, Gl ensures ecological health, social equity, and economic
viability, making it essential for creating sustainable, resilient, and liveable urban
environments as cities continue to expand (Aswani, 2023; Ying et al., 2021; Wilo, 2024; Sang
& Pan, 2024; Herath & Bai, 2024).
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The interchange between urbanization and stormwater management has become
increasingly critical as cities worldwide face heightened environmental challenges driven by
climate change, urban development, and technological advancements. Climate change is
altering rainfall patterns, causing more frequent and intense storms that overwhelm
municipal systems designed using historical data, leading to heightened flood risks and water
quality issues from increased pollutant loads in runoff (Hathaway et al., 2024; EPA, 2024).
These impacts are regionally variable, with some areas, such as the U.S. Northeast,
experiencing intensified precipitation, while others, like the desert Southwest, face prolonged
droughts, necessitating locally tailored management strategies (Hathaway et al., 2024).
Urbanization exacerbates these challenges by increasing impervious surfaces, such as roads
and buildings, which intensify runoff and pollution, while regulatory frameworks like the EPA’s
National Pollutant Discharge Elimination System (NPDES) demand stricter stormwater
management, often transferring responsibilities to private developers to implement onsite
retention strategies (Coppes, 2021; EPA, 2024). Technological innovations, including
geospatial tools and Al-based data extraction, are transforming stormwater management
through improved flood modelling and resilience planning, while nature-based solutions like
bioretention systems and green roofs are increasingly integrated into urban designs to
manage runoff, enhance biodiversity, and improve air quality (Hathaway et al., 2024; EPA,
2024). Moving forward, adaptive management strategies that modify stormwater system
designs based on recent climatic patterns, rather than historical norms, will be critical for
resilience, alongside community engagement and education to foster sustainable practices
and encourage local involvement in stormwater initiatives (Hathaway et al., 2024; Coppes,
2021; EPA, 2024). A multifaceted approach that combines innovation, regulatory compliance,
and public participation will be essential to address these challenges and ensure sustainable
water management in growing urban areas.

This study is motivated by the pressing need to address the limitations and challenges
of urban stormwater management in residential areas, particularly in rapidly urbanizing
regions like Kuala Lumpur. Despite the introduction of the Malaysia Urban Stormwater
Management Manual (MSMA), the practical implementation of its guidelines remains
inconsistent, leading to issues such as ineffective drainage systems, urban flooding, and
environmental degradation. The key contribution of this research lies in its development of
an enhanced framework to improve the effectiveness of MSMA guidelines. By integrating
document analysis with expert insights, this study provides a comprehensive assessment of
MSMA'’s performance, highlights governance and infrastructure challenges, and offers
actionable recommendations for sustainable stormwater management. The findings are
expected to benefit policymakers, urban planners, and stakeholders in advancing resilient and
sustainable practices in urban areas.

Previous Literature Review

Recent studies and reports have identified critical knowledge gaps in the
implementation and optimization of Gl in residential areas, highlighting the need for technical
expertise, robust data, effective governance, and financial strategies. A significant lack of
localized hydrological data further hampers efforts, as much of the current knowledge on
blue-green infrastructure (BGI) stems from wealthier nations, neglecting the unique
conditions of regions like Southeast Asia (Hamel & Tan, 2022). The absence of standardized
performance metrics and data collection protocols complicates the evaluation of Gl systems,
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limiting insights into their long-term effectiveness, maintenance needs, and outcomes across
social, economic, and ecological dimensions (Khalili et al., 2024; Parker and Zingoni de Baro,
2019; Zamiri & Esmaeili, 2024). Governance challenges also persist, with inadequate
stakeholder participation and regulatory frameworks that fail to support innovative Gl
solutions or address local needs (Loveday et al., 2022; Zuniga-Teran et al., 2019). Financial
barriers, including insufficient funding and a lack of comprehensive cost-benefit analyses,
further constrain Gl adoption, particularly in low-income areas (Zuniga-Teran et al., 2019).
Moreover, the integration of climate resilience strategies into Gl design is often insufficient,
with projects failing to account for future climate scenarios (Zuniga-Teran et al., 2019).
Addressing these gaps will require collaborative efforts from municipalities, researchers, and
communities to enhance technical knowledge, improve data collection, establish inclusive
governance, and develop innovative funding mechanisms, ultimately enabling Gl to achieve
its environmental and social potential.

The purpose of this systematic study is to provide a comprehensive review of the
potential, challenges, and opportunities associated with the implementation of Gl in
residential areas. This review aims to identify critical knowledge gaps, highlight best practices,
and explore strategies to optimize Gl's effectiveness in enhancing urban sustainability and
resilience. By synthesizing existing literature, this study seeks to offer valuable insights into
how GI can address environmental, social, and economic needs within residential settings
while overcoming barriers related to governance, technical integration, data limitations, and
financial constraints.

Method

When defining Gl for stormwater and flood management, we adopted a broad
concept of Gl as natural spaces that provide flood protection and improve water quality in
urban areas (Chenoweth et al., 2018; U.S. EPA, 2024). Our scope encompassed Gl at the
neighbourhood and site scale within cities, considering it as an infrastructure utilizing
vegetation, soils, and other elements to restore natural processes for water management and
healthier urban environments (U.S. EPA, 2024). Our review focuses on residential Gl and its
significance for stormwater management, with examples like rain gardens, green roofs,
bioswales, and more (Kloos and Renaud, 2016).

Search Strategy

To obtain relevant knowledge, we conducted a systematic literature search using
interdisciplinary research databases (Science Direct, Pubmed, Scopus & Springer) to identify
pertinent articles. We used specific search terms related to Gl in residential areas, benefits of
Gl in residential areas, challenges of Gl in residential areas, and related topics. The search
period covered articles published from January 1%, 2017, to May 31°%t, 2024, to capture the
latest literature as Table 1 below.
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Table 1
Database Search Strategy
Electronic Search terms
database
Science Direct ‘Green infrastructure in residential area or housing area’ OR
search ‘Benefit of green infrastructure in residential or housing area’ OR

‘Challenges and constraints of green infrastructure in residential or
housing area’

Pubmed search Green infrastructure, green infrastructure in residential areas, benefit
or opportunities in green infrastructure, challenges and constraints of
green infrastructure

Scopus search Green infrastructure AND residential area AND housing area OR
Benefit AND green infrastructure AND in residential AND housing area
OR
Challenges AND constraints AND green infrastructure AND in
residential AND housing area

Springer search Green infrastructure in residential area or housing area,

Benefit of green infrastructure in residential or housing area,
Challenges and constraints of green infrastructure in residential or
housing area

Inclusion and Exclusion Criteria

In our initial search, we considered any Gl or greenspace projects explicitly designed
for stormwater or flood management in residential areas. We retained studies that met our
eligibility criteria even if they were not exclusively in urban settings. We excluded
commentaries, editorials, blog posts, publicity materials, or news and magazine articles to
maintain scientific objectivity. After removing duplicates, we screened citations based on
titles and abstracts. Our review focused on open-access articles in the English language. We
included studies that applied Gl in residential areas but excluded studies conducted in farm
areas, industrial or institutional buildings, or multiple articles on the same topic by the same
author.

Study Selection

Records that met the exclusion criteria were removed after titles and abstracts were
scanned. There was no specific geographic limitation as long as the Gl adaptation was in
residential areas. Studies focusing on the value and use of Gl were included. Full-text
screening was conducted with the exclusion criteria, which consisted of studies using
guantitative research methods, studies not specific to residential areas, and studies lacking
design processes, guidelines, or strategies.

From the initial pool of 2,531 records, 190 titles were identified as relevant. An
updated search utilizing the snowball method yielded an additional 35 studies. Following the
application of exclusion criteria to 105 full-text studies, a final selection of 80 articles was
made (Figure 1).
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Data Extraction and Quality Assessment

Data extraction was performed using a designed extraction sheet, including
information on country, type of Gl, research tools, research methods, Gl application stages,
and focuses. A second independent researcher cross-checked the extracted data. A quality
assessment was conducted using the Critical Appraisal Skills Programme (CASP) tool, and
reviewers extracted and evaluated data from each study. Discrepancies were resolved
through discussions.

Data Synthesis

A thematic analysis was carried out on the selected studies, which were classified and
summarized in three different perspectives of Gl in residential area: (1) Gl in residential area;
(2) the benefit and challenges of Gi in residential area; (3) roles of urban planning and policy.
The results related to each theme are presented in the following sections.

Records identified through Snowhball method
database searching (n=35)
(n=2531)

l l

Records after duplicates removed and screening ) o
of titles and abstracts | 5| Exclusion criteria
(n=190) (n=85)
Full text articles assessed for eligibility Full-text articles
(n = 105) > excluded
(n=25)

l

Articles for thematic analysis
(n=80)

Included [ Eligibility ] [ Screening ] [ identifictio }

Fig. 1 The literature review process (PRISMA flow chart)

Overview of Gl Principles

Gl serves as a critical strategy in urban planning, offering a multifaceted approach to
addressing pressing challenges such as stormwater management, biodiversity loss, and urban
heat islands. By integrating environmental, social, and economic sustainability pillars, Gl
enhances ecosystem services while promoting resilient urban environments. One of its core
principles, multifunctionality, enables Gl to perform several roles simultaneously. For
instance, green roofs mitigate stormwater runoff, reduce urban temperatures, and provide
habitats for wildlife, thus addressing both ecological and urban challenges (Wang et al., 2024;
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Isola et al., 2024). The principle of connectivity emphasizes the creation of ecological
networks—comprising parks, urban forests, and other green spaces—that facilitate species
movement and strengthen biodiversity. This connectivity not only sustains urban ecosystems
but also enhances resilience to environmental changes (Wang et al., 2024; Semeraro et al.,
2017).

The adaptive management of Gl is another vital principle, requiring iterative and
participatory approaches that allow green infrastructure to evolve with changing urban
conditions and stakeholder needs (Wang et al., 2024). This ensures that Gl systems remain
flexible and effective in maximizing their ecological and social benefits over time. In terms of
ecosystem service provisioning, Gl contributes significantly to urban stormwater
management by enhancing natural infiltration and reducing runoff, thereby mitigating
flooding risks (Isola et al., 2024). It also supports urban biodiversity by creating diverse
habitats for flora and fauna, which are essential for maintaining ecological balance (Wang et
al., 2024; Semeraro et al., 2017). Additionally, vegetated areas within Gl systems play a crucial
role in urban cooling through evapotranspiration and shading, improving thermal comfort and
reducing the urban heat island effect (Wang et al., 2024; Isola et al., 2024).

The social and economic benefits of Gl further underscore its importance.
Economically, Gl reduces infrastructure costs by minimizing the need for traditional grey
infrastructure, such as storm sewers, and mitigates maintenance expenses related to flood
damages (Ashinze et al., 2024). Socially, it enhances public health by providing accessible
green spaces that promote physical activity, mental well-being, and social interaction
(Monteiro et al., 2022). Furthermore, Gl fosters community cohesion by creating shared
spaces for engagement and recreational activities while addressing disparities by ensuring
equitable access to these spaces (Monteiro et al., 2022; Mensah, 2019). Through its
multifunctionality, connectivity, adaptive management, and contributions to ecosystem
services, Gl exemplifies a sustainable and holistic approach to urban development. By
integrating natural systems with built environments, Gl not only addresses immediate urban
challenges but also fosters long-term resilience to climate change and urbanization. A
collaborative effort involving policymakers, urban planners, and communities is vital to fully
harness the potential of Gl in enhancing ecological integrity, social well-being, and economic
viability (Mell & Clement, 2019; Ying et al., 2021).

Gl aligns seamlessly with global sustainability frameworks, including the United
Nations Sustainable Development Goals (SDGs), climate action initiatives, and local urban
development policies. By addressing environmental, social, and economic dimensions, Gl
plays a pivotal role in achieving sustainable urban development. Gl contributes significantly
to SDG 11 (Sustainable Cities and Communities) and SDG 13 (Climate Action) by revitalizing
underutilized urban spaces, enhancing ecological diversity, and fostering socio-economic
revitalization (Mell, 2022). It also strengthens urban ecosystem services, which are essential
for achieving multiple SDGs, emphasizing the need to integrate Gl into urban planning to
maximize its contribution to sustainable development (Hawken et al., 2021). Furthermore, Gl
aligns with global climate action goals by promoting nature-based solutions that mitigate
climate impacts, reduce urban vulnerability, and enhance resilience. Initiatives such as
integrating green and blue infrastructure not only address climate challenges but also
promote human health and ecological well-being (Pinto et al., 2023; Almulhim et al., 2024).
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On the local level, Gl aligns with urban development policies by addressing specific
environmental challenges while harmonizing practices across regions. This integration
ensures that local actions resonate with global sustainability goals. Research highlights the
necessity of embedding Gl into policy frameworks to enhance ecosystem services, strengthen
urban resilience, and foster sustainable development at multiple scales (Mell & Clement,
2019; Sokolova et al., 2024). By bridging global frameworks with localized strategies, Gl
represents a vital tool for creating resilient and sustainable urban environments,
demonstrating its capacity to adapt to diverse socio-ecological contexts and to meet the
broader objectives of global sustainability agendas.

Role of Urban Planning and Policy

Cities worldwide employ diverse strategies to develop their Gl, considering cultural,
physical, and ecological aspects (Gradinaru and Hersperger, 2019). Effective Gl planning
involves anticipating future challenges and establishing long-term goals through strategic
planning that spans decades (Albrechts et al., 2017). Gl's significance in social, economic, and
ecological contexts highlights its central role in urban planning. Integrating Gl effectively
requires reforming existing planning laws and policies across administrative levels,
emphasizing Gl's role in urban resilience and sustainability (Pamukcu-Albers et al., 2021).
Reforms for Gl integration should be adaptable to socio-political and geographical contexts.
Urban governance, driven by administrators and public decision-makers, can influence spatial
transformations by establishing rules, incentives, and constraints (Pamukcu-Albers et al.,
2021). Making Gl inclusion mandatory in spatial planning at various levels can mainstream Gl
and enhance its utilization in planning processes.

Building Gl requires multi-sectoral and stakeholder collaboration. Digital technologies
facilitate information exchange among municipal departments, while participatory decision-
making enhances urban governance (Pamukcu-Albers et al., 2021). Quality planning and
management of public GI demand well-trained staff, effective measures, and local actor
involvement (Ugolini et al., 2020). Participatory approaches, engaging stakeholders and the
public, are essential for evaluating cultural and social values, empowering citizens, and
fostering community and belonging (Rall et al., 2019). Collaboration and participation are
indispensable in sustainability science and landscape and urban planning (Opdam et al., 2018;
Milovanovic et al., 2020; Cumming and Epstein 2020; Opdam, 2020).

Types of Gl in Residential Areas

Gl integrates natural elements to address environmental challenges (Derkzen et al.,
2017). Examples include rain gardens for stormwater control and urban trees for heat
reduction (Drescher and Sinasac, 2021), offering co-benefits for people (Bratman et al., 2019).
Many global cities plan to expand Gl to enhance climate resilience, urban liveability, and
human well-being (Derkzen et al., 2017; Matsler et al., 2021). This extends to green pathways
alongside roads and railways, with water features termed 'blue infrastructure.'

A vital aspect of Gl's integration into sustainable cities involves encouraging residents
to implement Gl in their private residential outdoor spaces. Private residential spaces
encompass areas around homes on personal property, including yards, porches, driveways,
decks, and patios (Corley et al., 2021). Residential Gl installation is essential for establishing
extensive and evenly distributed Gl networks (Conway et al., 2020).
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Common Gl elements found in residential areas

Numerous studies support the implementation of sustainable stormwater practices
like green roofs, rain gardens, bioretention systems, pervious pavements, and rainwater
harvesting (Shafique & Kim, 2017; Campisano et al., 2017). Particularly in high-rise buildings,
roof areas are crucial for stormwater management, comprising up to 50% of the total area
(Shafique & Kim, 2017). Green roofs (Figure 2), as vegetated Sewer System Management
Plans (SSMP), address impermeable areas, especially in densely urban high-rise buildings
(Magsoom et al., 2021; Berland et al., 2017; Shafique and Kim, 2017). Ground areas, occupied
by complex infrastructure, allow runoff storage and natural infiltration through the soil
(Shafique & Kim, 2017).

Bioretention systems consist of filter media layers, an overflow weir, various
vegetation, and an optional underdrain, while rain gardens share a similar concept but have
different design requirements, with rain gardens not requiring the multiple filter media layers
needed for bioretention systems (Kordana & Slys, 2020). Both practices as shown in Figure 3,
collect and store runoff, allowing it to be evaporated through vegetation. Soil and vegetation
aid in pollutant and sediment treatment for water quality (Kordana & Slys, 2020). Permeable
pavements (Figure 4) facilitate the infiltration of stormwater into the ground, which helps to
mimic pre-urban hydrological conditions. This infiltration reduces both the peak flow and
volume of urban runoff, thereby alleviating flooding risks in cities. Studies show that
permeable pavements can effectively reduce stormwater discharges by 25% to 100%,
depending on design and site conditions (Razzaghmanesh & Borst, 2019).

Rainwater harvesting (RWH) technology includes various types of tanks designed to
collect and store rainwater, catering to needs ranging from residential homes to multi-story
buildings. Above-ground tanks, such as small barrels made of plastic or metal, are commonly
used in residential settings for irrigation and runoff control, with capacities ranging from a
few hundred litres to several cubic meters, making them ideal for single-household
applications during dry seasons (Campisano et al., 2017). Below-ground tanks, like concrete
cisterns, are larger and better suited for multi-story buildings, efficiently supporting high-
demand applications by maintaining water temperature and reducing evaporation losses
(Campisano et al., 2017). Hybrid systems combine above-ground and below-ground storage,
offering flexibility in usage and optimizing space utilization in urban areas where building
footprints are limited (Raimondi et al., 2023). The illustration in Figure 5 serves as an exemplar
of on-surface rainwater harvesting.
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Figure 2: Green Roofs and Green Walls.
Green roofs involve planting vegetation
on rooftops, while green walls are vertical
] gardens attached to buildings. These
features offer insulation, reducing
heating and cooling costs, improve air
quality, and provide aesthetic value to
residential buildings.

Source: lushome.com

Figure 3: Rain Gardens and Bioretention.
Rain gardens are landscaped depressions
that capture and treat stormwater
runoff, allowing it to infiltrate the soil
naturally. Bioswales provides efficient
treatment of stormwater through fine
filtration, extended detention and some
biological uptake. These features help
reduce stormwater runoff, improve

water quality, and prevent flooding.
Source: https://blog.landscapeprofessionals.org/

Figure 4: Permeable Pavements.
Permeable pavements are surfaces that
allow water to pass through them,
reducing runoff and allowing water to
infiltrate into the ground. They aid in
' stormwater management,  prevent
surface water pooling, and contribute to
groundwater recharge.

Figure 5: Rainwater Harvesting Systems.
Rainwater harvesting systems collect and
store rainwater for later use in residential
properties. This practice conserves water
and reduces the demand on municipal
water supply. The figure shows an
example of rainwater harvesting on the
ground.

Source: https://vaswcd.org/
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Centralized and Decentralized Systems of Gl

Gl incorporates a range of strategies to manage stormwater, enhance water quality,
and support urban ecosystems. The decision between centralized and decentralized systems
is pivotal for urban planners and environmental managers, as each approach offers distinct
advantages and challenges. Centralized systems typically involve large-scale treatment plants
that process wastewater or stormwater at a single location, leveraging economies of scale to
provide cost-effectiveness in densely populated areas (Saadatinavaz et al., 2024). These
systems are fully funded by public sources, allowing municipalities to maintain
comprehensive control over environmental objectives, including pollutant removal and flood
mitigation (Romeiko, 2020). However, centralized systems are often energy-intensive,
contributing significantly to greenhouse gas emissions, which raises sustainability concerns,
particularly in the context of climate change (Romeiko, 2020).

In contrast, decentralized systems function on a smaller scale, addressing wastewater
or stormwater management near the source, such as at individual properties or within small
communities. This localized approach enables tailored management practices that adapt to
specific environmental conditions (Romeiko, 2020). Examples of decentralized infrastructure
include green roofs, rain gardens, permeable pavements, and on-site treatment systems like
septic tanks, which can be integrated into existing landscapes with minimal disruption
(Meierdiercks & McCloskey, 2022). These systems generally involve lower initial capital costs
and reduced energy consumption due to their smaller scale. Nonetheless, they demand
ongoing maintenance and public education to ensure operational effectiveness (Sty$ & Stec,
2020), and variability in treatment quality can pose risks to human health and the
environment if improperly managed (Romeiko, 2020). Notably, decentralized systems may
exhibit lower life cycle health impacts compared to centralized systems, with reduced risks of
microbial contamination and other health hazards (Romeiko, 2020; Saadatinavaz et al., 2024).

Performance metrics between centralized and decentralized systems often differ
based on local conditions. For instance, decentralized Gl practices, such as infiltration-based
systems, are highly effective in reducing flood volumes by managing stormwater at the
source. In contrast, centralized wetlands may excel in slowing peak discharges but might be
less effective in reducing overall flood volumes at the catchment scale (Meierdiercks &
McCloskey, 2022; Saadatinavaz et al., 2024). Regarding water quality improvement,
centralized systems offer significant pollutant removal through large-scale treatment
processes, while decentralized systems contribute localized benefits by enhancing water
quality in specific areas (Meierdiercks & McCloskey, 2022; Saadatinavaz et al., 2024).

Ultimately, the selection between centralized and decentralized green infrastructure
depends on factors such as population density, regulatory requirements, environmental
goals, and economic considerations. A hybrid approach that combines both systems often
represent the most resilient solution, capitalizing on the strengths of each while addressing
their respective limitations. Centralized systems provide efficiency for large populations,
while decentralized approaches offer flexibility and localized benefits, enhancing community
resilience to flooding and improving environmental health outcomes.
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Benefits of Gl

Gl is recognized as a means to promote sustainability and climate resilience (Kim &
Song, 2019), efficiently managing ecosystem services' advantages (Gren & Andersson, 2018).
Gl's multifunctionality enhances urban ecosystems and aligns with semi-natural areas in
cities, underscoring its potential to oversee diverse ecological, social, and economic services
(Artmann et al., 2017). Urban allotment gardens, part of Gl, boost household income through
agriculture (Tappert et al., 2018), benefiting biodiversity and environmental functions
through green spaces (Kim & Song, 2019). Biological structures akin to ecosystems deliver
benefits to people (Kim & Song 2019). Urban areas face climate-related risks and threats,
emphasizing the role of green and blue spaces within green and blue infrastructure (Sayli &
Berjis, 2021). The links between urban green spaces and human well-being contribute to
urban vitality and active lifestyles (Jabbar et al., 2022).

Combining Gl components effectively reduces runoff volume (Zhang et al., 2021),
while permeable surfaces and green roofs are essential for future geospatial strategies to
ensure resilience (Twohig et al., 2022). Residential rainwater harvesting in densely populated
areas plays a significant role in stormwater management when coupled with widespread
participation and adequate tank storage (Deitch & Feirer, 2019). Rain gardens, popular in the
United States, improve stormwater runoff quality (Morash et al., 2019). A study by Garbanzos
& Maniquiz-Redillas (2022) demonstrates that combining bioretention, infiltration trenches,
and permeable pavement maximizes infiltration and groundwater recharge, highlighting the
substantial impact of Low Impact Development (LID) practices. Further details of
multifunctionality of Gl and types of community benefits can be acquired from Table 2.
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Table 2

Multifunctionality of Gl and types of community benefits

Economic

Sociocultural

Ecological

Enhance
economic
capacity

Educational
opportunities

Increase in social
capital

Landscape
aesthetics

Basis of
sustainable
development

Runoff control

Enhanced
environmental
soundness

Climate change
adaptation

Sources: Kim & Song (2019)

Local economic development with community benefits and promotion of
vital urban centers (Tappert et al., 2018)

Improved marketability (Ziogou, 2018)

Increased retail sales (Jia & Zhang, 2021; Ziogou, 2018)

Increased property values and tax revenue (Ziogou, 2018)

Reduced costs associated with infrastructure, development, flooding,
water treatment, and healthcare (Ziogou, 2018; Ran & Tang, 2018)
Reduced use of energy (for cooling), salt (for icy roads), and water
(Anguelovski et al., 2018)

Urban agriculture/sustainable food production (Langemeyer et al., 2020;
Anguelovski et al., 2018)

Green job creation (Zwierzchowska et al., 2019)

Increased recreational opportunities and interactions with nature
(Langemeyer et al, 2020)

Community development and stronger community cohesion (Truong et
al., 2022; Langemeyer et al., 2020; Zwierzchowska et al., 2019)
Opportunities for youth to spend time in public spaces (Wan et al., 2018)
More social gathering spaces (Hendricks et al., 2018)

Cultural expression (Hendricks et al., 2018)

Increased physical/mental health (Klein et al., 2022; Jabbar et al.,2022;
Zwierzchowska et al., 2019)

Improved aesthetics (Wan et al., 2018)

Regulatory compliance credits - A high-quality environment to attract
and retain a competent workforce (Gren & Andersson, 2018)

Links between towns and the countryside (Gren & Andersson, 2018)
Flood control/prevention, storm surge protection, and accommodation
of natural hazards (Deitch & Feirer, 2019)

Better management of stormwater runoff (Abera et al., 2021; Chen et al.,
2021; Zhang et al., 2021; Langemeyer et al., 2020)

Maintenance of predevelopment runoff volumes and discharge rates
(Garbanzos & Maniquiz-Redillas, 2022)

Preservation of terrestrial and aquatic habitats (Anguelovski et al., 2018;
Xiao, 2018; Ziogou, 2018)

Improved air quality and less carbon dioxide in the atmosphere (Ziogou,
2018)

Biodiversity protection and pollination (Langemeyer et al., 2020;
Anguelovski et al., 2018; Xiao, 2018; Ziogou, 2018)

Protection to enhance geologically important sites, such as nature
preserves and heritage sites (Anguelovski et al., 2018; Xiao, 2018; Ziogou,
2018)

A reduced of ecological footprint (Anguelovski et al., 2018; Xiao, 2018;
Ziogou, 2018)

Reduced urban heat islands and ambient temperatures (Langemeyer et
al., 2020; Ran & Tang, 2018)

Improve thermal environment on the rooftop (Knaus & Haase, 2020)
Resilient infrastructure and climate change adaptation/mitigation
(zwierzchowska et al. 2019)
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Case Study and Successful Examples

The following tables (Table 3, Table 4, Table 5) present a summary of case studies from various
cities worldwide that have successfully implemented Gl solutions to address urban water
management challenges. These case studies highlight the strategies adopted, key focus areas,
and outcomes related to flood risk reduction, water quality improvement, and climate
resilience. Additionally, the table identifies key lessons learned from these experiences,
providing valuable insights for urban planners and policymakers looking to integrate nature-
based solutions into their own cities.

Table 3

Case Studies on the Integration of Gl in Urban Water Management in Newcastle (UK),
Rotterdam (Netherlands), Portland (USA), and Ningbo (China)

City
Core Strategy
Focus Area

Perception &
Outcomes
Key Lessons
City

Core Strategy

Focus Area

Perception &
Outcomes
Key Lessons

City
Core Strategy

Focus Area

Perception &
Outcomes
Key Lessons
City

Core Strategy

Focus Area
Perception &

Outcomes
Key Lessons

Newcastle (UK)

Emphasis on the "four pillars of SuDS" —water quantity, quality, amenity, and biodiversity.
- Flood risk reduction

- Water quality improvement

- Urban green spaces for social and biodiversity benefits

Over 90% of residents value BGl's multifunctionality, showing strong public understanding
and acceptance.

Adopt a balanced framework like SuDS to integrate water, social, and ecological goals.
Rotterdam (Netherlands)

Climate resilience through "Waterplan" (Rotterdam Weather-Wise), integrating blue
corridors and green spaces.

- Enhancing urban water and air quality

- Promoting biodiversity

- Improving quality of life via multifunctional spaces

BGl is seen as a tool for climate resilience, enhancing city liveability, and addressing broader
social challenges.

Focus on climate adaptation by blending urban water management with public space
transformation.

Portland (USA)

Uses BGI to achieve Climate Action Plan goals, prioritizing natural systems over traditional
infrastructure.

- Water quality improvement

- Flood risk management

- Carbon sequestration through urban greenery

Residents unanimously prioritize BGI for ecological health and resilience, driven by strong
environmental policies.

Combine carbon sequestration with water management to align with climate goals.

Ningbo (China)

Implements Sponge City Programs (SCP) to manage extreme rainfall and integrate nature
into urban planning.

- Flood risk management

- Natural environment enhancement

- Increased blue and green spaces

BGl is seen as vital for addressing water challenges while enhancing urban living experiences.

Leverage nature-based solutions like SCP for extreme weather and urban resilience.

Sources: O'Donnell et al., 2021
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Table 4

Case Studies on the Integration of Gl in Urban Water Management in Shanghai (China)

City

Core
Strategy
Focus Area

Perception

& Outcomes

Key Lessons

Shanghai (China)

Sponge City project integrates eco-friendly methods like rain gardens, permeable
pavements, and green roofs, supported by government and stakeholders.

- Flood risk mitigation

- Groundwater recharge

- Stormwater capture through over 200 pilot projects

Success evident in urban runoff control, improved water quality, and urban
resilience (e.g., 30 pilot cities passed evaluations).

Use coordinated stakeholder collaboration and eco-friendly solutions for large-scale
urban water challenges.

Sources: Yin et al., 2022

Table 5

Case Studies on the Integration of Gl in Urban Water Management in New York City (USA),
Copenhagen (Denmark), and Singapore

City

Core
Strategy
Focus Area

Perception
& Outcomes
Key Lessons

City

Core
Strategy
Focus Area

Perception
& Outcomes
Key Lessons

City

Core
Strategy
Focus Area

Perception
& Outcomes
Key Lessons

New York City (USA)
Extensive use of green roofs and rain gardens.

- Stormwater runoff reduction

- Water quality improvement

Green roofs reduce runoff by up to 65%, alleviating drainage system pressure; rain
gardenis filter pollutants.

Integrate rain gardens and green roofs to address urban drainage and water quality
challenges.

Copenhagen (Denmark)

Emphasis on integrated planning and community engagement for green
infrastructure.

- Flood risk reduction

- Environmental sustainability

- Community resilience

Rain gardens have reduced flooding risks during heavy rainfall, enhancing
sustainability and resilience.

Foster community engagement and integrated planning for sustainable urban water
solutions.

Singapore

Strong government leadership promoting green roofs, vertical gardens, and sponge
city initiatives.

- Stormwater management

- Urban biodiversity improvement

- Urban aesthetics

Known as the "City in a Garden," Gl improves ecological health, stormwater
management, and aesthetics.

Promote government-led initiatives integrating green infrastructure into urban
landscapes.

Sources: Soni et al., 2024
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Challenges and Limitations of GI

Gl offers significant benefits for urban areas by addressing climate change, enhancing
resilience, and fostering sustainability. However, its implementation is hindered by
multifaceted challenges across technical, policy, financial, and social dimensions. From a
technical perspective, Gl projects often lack standardization, creating inefficiencies in
integration with existing urban frameworks and complications in maintenance, particularly in
areas experiencing frequent rainfall (Zuniga-Teran et al., 2019). Policy-related challenges
include fragmented governance structures and short political cycles, which impede long-term
planning and prioritization of Gl over conventional infrastructure. Furthermore, the absence
of clear regulatory frameworks complicates the distribution of responsibilities for long-term
maintenance and the equitable sharing of benefits, while many authorities lack mandates to
adopt Gl as a preferred alternative (Zuniga-Teran et al., 2020). Financial barriers are
significant, as Gl projects typically require higher upfront costs compared to traditional
infrastructure, coupled with long payback periods that discourage investment. This financial
viability gap is further widened by market uncertainties, inadequate financing models, and
limited public-private partnerships, despite the potential for risk-sharing and resource
mobilization through such collaborations (Nesshover et al., 2017; Toxopeus & Polzin, 2021;
Dai & Solangi, 2023).

Socially, Gl implementation faces resistance due to limited public awareness and
acceptance. Issues such as "green gentrification," where increased property values displace
residents, and inequitable planning processes that exclude marginalized groups, exacerbate
social inequalities (Zuniga-Teran et al., 2019; Djenontin & Meadow, 2018). Public acceptance
is also tied to trust in political institutions, awareness of Gl benefits, and socio-cultural
considerations. Additionally, municipalities often lack the necessary expertise to plan,
implement, and maintain Gl, including skills in participatory and collaborative planning, which
are critical for aligning diverse stakeholder interests (Bozovic et al., 2017). These challenges
highlight the need for systematic, comprehensive, and collaborative approaches that address
technical, governance, financial, and social dimensions. The successful integration of Gl into
urban planning requires innovative financing mechanisms, robust regulatory frameworks, and
inclusive planning processes that ensure equitable distribution of benefits. By fostering
collaboration among technical experts, policymakers, financial institutions, and communities,
cities can overcome these barriers and unlock the full potential of green infrastructure in
building sustainable, resilient urban environments (Zuniga-Teran et al., 2020; Toxopeus &
Polzin, 2021; Nesshover et al., 2017).

Summary of Findings

Gl in residential areas offers multiple benefits, including effective stormwater
management, climate mitigation, and improved resident well-being. Integrating Gl into urban
planning creates sustainable, resilient, and liveable communities, enhancing residents' quality
of life and supporting environmental conservation. Case studies illustrate the effectiveness of
Gl in residential settings, positively impacting the environment, well-being, and overall urban
sustainability. To overcome challenges, a comprehensive approach involving public
awareness campaigns, policy support, technical training, financial incentives, and stakeholder
collaboration is essential. Policymakers, urban planners, and environmental organizations
have crucial roles in addressing these barriers, facilitating Gl integration in residential areas.
Coordination of efforts to raise awareness, provide technical expertise, and secure funding is
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pivotal for sustainable and resilient urban development. Continuous policy assessment and
collaborative engagement between government, private sector, and communities are key to
successful Gl implementation and sustainable urban development.

Comparative Insights

The reviewed case studies reveal shared benefits of BGI, with stormwater
management, flood risk reduction, and water quality improvement emerging as universally
prioritized objectives. Secondary benefits, such as biodiversity enhancement, community
engagement, and climate resilience, further highlight BGl's multifunctionality. Despite these
commonalities, each city employs context-specific approaches. Newcastle emphasizes
compliance with SuDS guidelines to achieve balanced social, environmental, and economic
goals. Rotterdam integrates public space transformation with climate resilience strategies,
while Portland combines flood management with carbon sequestration to address climate
change. In Ningbo and Shanghai, large-scale Sponge City pilot programs exemplify nature-
based solutions to urban resilience, driven by strong government support and stakeholder
collaboration. Meanwhile, New York and Copenhagen leverage rain gardens and green roofs
to mitigate drainage challenges and improve urban liveability. Singapore’s leadership in green
roofs and vertical gardens illustrates how government-led initiatives can simultaneously
enhance biodiversity, stormwater management, and urban aesthetics.

Applications for Malaysia

Malaysia can adopt these global lessons to enhance urban stormwater management
and resilience. First, implementing multifunctional frameworks, such as SuDS and Sponge City
concepts, can balance water management objectives with broader environmental and social
goals. Second, eco-friendly methods like rain gardens, permeable pavements, and green roofs
should be prioritized to manage urban stormwater effectively while promoting sustainability.
Third, leveraging strong government leadership and collaboration with local stakeholders can
ensure the seamless integration of green infrastructure into national and local urban planning
strategies. Lastly, fostering community engagement and participation will strengthen public
understanding and support for sustainable urban water solutions, ensuring long-term
success.

Implications for Practices

This research has significant implications for GI management, especially in community
initiatives aimed at promoting Gl adoption in residential private areas. Local initiatives
enhancing awareness and engagement with Gl can be valuable, focusing on specific outdoor
space uses and maintenance experiences. Experimental evaluations of message effectiveness
in Gl initiatives are necessary to guide program implementation. Community outreach efforts
should provide residents with direct experiences involving Gl features in public or private
settings, impacting residential adoption likelihood. Differentiate government and non-
governmental initiatives in future research to understand varying outreach strategies and
resident perceptions.

Analysing how Gl programs contribute to environmental inequality is crucial. Uneven
distribution of Gl features, particularly in disadvantaged urban areas, may exacerbate
inequality, for example, by increasing housing prices. Address social barriers to Gl adoption,
as outreach programs tend to concentrate in high-income neighbourhoods, potentially
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worsening disparities. Future research should consider residents' perceptions of
environmental equity in relation to Gl behaviours.

Future Research and Knowledge Gaps

Future research on Gl in residential areas should address residents' perceptions of
environmental equity in relation to Gl behaviours, critical knowledge gaps and emerging
challenges to enhance sustainable urban planning. Priority areas include developing precise
methods to assess the full range of Gl benefits, exploring strategies for community
engagement and equitable access, understanding demographic variations in Gl experiences,
and examining the role of policy and governance. Cross-disciplinary collaborations are
essential to comprehensively address complex Gl challenges and integrate Gl with other
urban systems.

Conclusion

The key principles behind green infrastructure in residential settings are to promote
environmental sustainability, enhance urban resilience, improve the health and well-being of
residents, and create attractive and vibrant neighbourhoods. Green infrastructure fosters a
harmonious relationship between nature and urban living, contributing to more sustainable
and inclusive residential developments. These types of green infrastructure in residential
areas contribute to a range of benefits, including improved stormwater management,
enhanced air quality, increased biodiversity, reduced urban heat island effects, and enhanced
community well-being. Integrating green infrastructure into residential developments creates
more sustainable and resilient neighbourhoods that promote the health and happiness of
residents. In summary, green infrastructure in residential areas offers multiple benefits,
ranging from practical stormwater management and climate mitigation to the improvement
of residents' health and well-being. By integrating green infrastructure into urban planning
and development, cities can create more sustainable, resilient, and liveable residential
communities, supporting both the environment and the quality of life for residents. The case
studies mentioned earlier highlight the positive outcomes and impacts of green infrastructure
projects in residential settings, showcasing the potential effectiveness of integrating nature-
based solutions into urban developments and how green infrastructure can effectively
address urban challenges, enhance environmental quality, and create more sustainable and
liveable residential communities.

Notes for Editor

This paper was previously submitted to another journal but was not accepted. Since then, |
have revised and enhanced the content significantly to meet the scope and standards of
your journal. Thank you for considering my submission.
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