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ABSTRACT 

Urbanisation and infrastructure development have intensified stormwater-related 

challenges such as increased runoff, flooding, and ecological degradation. Blue-green 
infrastructure (BGI) has emerged as a sustainable solution for stormwater management 

by integrating natural and engineered systems to mimic the natural water cycle. 
Although the environmental and social benefits of BGI are widely acknowledged, its 

implementation remains limited due to barriers, including a lack of awareness, funding 

constraints, fragmented responsibilities, and regulatory uncertainties. Existing 
literature lacks a comprehensive framework specifically addressing the use of BGI in 

stormwater management. This study aims to fill that gap by developing a conceptual 

framework to promote BGI adoption for stormwater systems. A systematic literature 

review was conducted using databases including Scopus, Web of Science, Engineering 

Village, and Google Scholar. Manual content analysis was used to explore the benefits, 
barriers, and strategies related to BGI implementation. Findings reveal that community 

engagement, inter-agency collaboration, knowledge sharing, and policy integration are 

essential to overcoming adoption barriers. Based on these insights, a conceptual 
framework was proposed to guide planners, policymakers, and practitioners in 

promoting BGI within urban water management. This framework supports the strategic 
integration of BGI to enhance resilience, sustainability, and multifunctionality in 

stormwater infrastructure. 

Keywords: Barriers; Benefits; Blue-green Infrastructure; Stormwater Management; 

Strategies. 

1. INTRODUCTION  

The construction industry, a key driver of urban development, has significantly 

contributed to the rapid urbanisation seen across the globe (Scaroni, 2021; Ahmad et al., 

2019). As cities expand, natural landscapes are increasingly replaced with impermeable 

infrastructure such as roads, pavements, and buildings. This transformation alters land 
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use patterns, disrupts natural hydrological cycles, and intensifies surface runoff, leading 

to increased incidences of flooding, erosion, and environmental degradation (Barbosa et 

al., 2012; Kvamsås, 2023; Scaroni, 2021). Traditional stormwater management systems, 

which prioritise rapid drainage via underground pipes and channels, often fail to 

adequately address pollution control, source reduction, and ecological sustainability 

(Gogate et al., 2017; Prudencio & Null, 2018). Consequently, there is a growing need for 

sustainable, integrated stormwater solutions that can effectively respond to the 

environmental challenges associated with urbanisation. 

In response to these limitations, Blue-Green Infrastructure (BGI) has emerged as a 

resilient and sustainable approach to urban stormwater management. BGI refers to an 

interconnected system of natural and semi-natural landscape elements, such as green 

spaces, wetlands, and water bodies, that serve multiple purposes, including flood control, 

biodiversity conservation, and water purification (Ghofrani et al., 2017). It represents an 

ecosystem-based method for managing stormwater quantity and quality through 

biophysical processes like infiltration, storage, detention, and biological uptake of 

pollutants (Liao et al., 2017). Among the most commonly implemented BGI systems are 

rain gardens, bioswales, green roofs, artificial wetlands, and retention or detention basins, 

all of which integrate environmental and urban design principles to deliver 

multifunctional benefits. 

The potential benefits of BGI extend beyond stormwater control. These systems 

contribute to improved water quality, enhanced biodiversity, urban cooling, and the 

creation of recreational and aesthetically pleasing environments (Hamann et al., 2020). 

One of the primary objectives of BGI is to mitigate urban flooding and reduce Combined 

Sewer Overflows (CSOs), offering direct economic and environmental advantages 

(Wilbers et al., 2022). Furthermore, BGI solutions can be more adaptive and cost-

effective in the long term compared to conventional grey infrastructure, while delivering 

co-benefits that support human health, well-being, and urban resilience. 

Despite its many advantages, the widespread adoption of BGI in urban stormwater 

management remains limited. Numerous studies have highlighted institutional, technical, 

and socio-political barriers to its implementation (Frantzeskaki et al., 2017; O’Donnell et 

al., 2017;). These include a lack of stakeholder coordination, unclear maintenance 

responsibilities, insufficient commitment from water professionals, and limited technical 

knowledge (Suleiman, 2021). Additionally, the absence of standardised guidelines, 

performance metrics, and long-term monitoring mechanisms hinders confidence in BGI's 

reliability and cost-effectiveness when compared to traditional stormwater systems (Qiao 

et al., 2018; Davis et al., 2015). Uncertainty over long-term performance and the lack of 

institutional capacity to manage BGI facilities further exacerbate resistance to its 

integration into mainstream infrastructure planning. 

Even though many studies have emphasised the importance of BGI, there remains a 

significant gap in its application, specifically for stormwater management. While the 

broader environmental and social benefits of BGI are widely recognised, there is a lack 

of comprehensive frameworks that address its implementation within the context of 

stormwater systems. Therefore, a comprehensive conceptual model is necessary to 

promote the effective utilisation of BGI for urban stormwater management. Such a model 

must incorporate the technical and ecological functions of BGI but also address 

institutional arrangements, governance structures, public awareness, and long-term 
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maintenance strategies. Without such a framework, efforts to mainstream BGI into urban 

development processes are likely to remain fragmented and ineffective. Accordingly, this 

study aims to fill this gap in both academic literature and practical implementation by 

developing a conceptual framework to promote BGI adoption for stormwater system. The 

research has two objectives, 1) investigate the role of BGI in stormwater management 

with benefits and 2) examine the strategies to overcome identified barriers.   

2. RESEARCH METHOD 

This study was conducted through a comprehensive literature review focusing on BGI 

and stormwater management to develop a conceptual framework to promote BGI for 

sustainable stormwater solutions. The review process explored key theories, concepts, 

benefits, barriers, and strategic approaches relevant to BGI implementation. A similar 

methodological approach was adopted by Kavamas (2023) and Kaur and Gupta (2022), 

who also utilized structured literature reviews for framework development. 

To retrieve relevant literature, a set of keywords was formulated, including: “Blue-green 

infrastructure” AND “management” AND (“enabler” OR “benefit” OR “advantage” 

OR “barrier” OR “limitation” OR “disadvantage”) * AND (“stormwater” OR “storm 

drainage” OR “runoff” OR “rainwater”) *. These search terms were applied across 

several academic databases such as Web of Science, Scopus, Engineering Village, and 

Google Scholar to ensure a comprehensive and diverse selection of sources. The study 

involves a few rounds of screening to reduce the initial pool of 163 articles to a final 

selection of 87 documents consisting of 73 journal papers and 6 conference papers. 

Due to the limited number of studies that collectively address these interconnected areas, 

both combined and separate keyword searches were used. The initial search results were 

filtered by reviewing titles, abstracts, and keywords, after which a purposive sampling 

method was applied to select the most relevant and high-impact articles. The final pool 

of literature included seminal works on BGI benefits and barriers, as well as key 

contributions to stormwater management practices. 

Manual content analysis was conducted on the selected articles, allowing the author to 

extract critical themes, patterns, and strategies related to BGI implementation. Especially, 

a three-phase coding approach was employed creating open, axial, and selective codes to 

systematically identify, organize, and interpret codes within the data. The insights gained 

from this analysis formed the foundation for the development of the conceptual 

framework. 

3. LITERATURE REVIEW 

3.1 CONVENTIONAL STORMWATER MANAGEMENT 

Conventional stormwater management typically relies on engineered systems designed 

to rapidly collect and discharge runoff from urban areas into nearby water bodies 

(Prudencio & Null, 2018). These systems primarily focus on flood control and public 

safety, with limited attention to environmental sustainability. Historically, surface runoff 

was considered a nuisance or waste product rather than a resource, leading to the 

development of extensive grey infrastructure, networks of drains, pipes, culverts, and 

channels constructed with impermeable materials such as concrete, asphalt, and steel 

(Gallo et al., 2020). While effective in reducing urban flooding, such systems increase 
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impervious surface coverage, limiting infiltration and intensifying runoff volume and 

pollution (Tsegaye et al., 2019). 

Grey infrastructure tends to prioritise rapid conveyance of stormwater, often without 

treating or retaining it, which contributes to water quality degradation and urban heat 

effects. These systems are usually centralised and space-intensive, making them 

unsuitable for compact urban settings where green elements are limited (Gallo et al., 

2020). Moreover, they fail to replicate natural hydrological processes such as infiltration, 

filtration, and evapotranspiration (Szeląg et al., 2019). Traditionally, stormwater systems 

have been managed by sanitation and water departments in a siloed, top-down manner, 

focusing on quick removal rather than ecological integration (Jean et al., 2021). 

Even though urban stormwater management is essential for addressing environmental, 

economic, and social challenges, such approaches are increasingly seen as inadequate and 

modern technologies are needed to cope with the increasing demands of urban growth, 

climate change, and financial limitations (Bohman et al., 2020; Fletcher et al., 2015). In 

fact, conventional stormwater management systems primarily rely on grey infrastructure, 

such as pipes and culverts, which effectively control flooding however pose 

environmental and spatial limitations (Zhou, 2014). In contrast, BGI offers a 

multifunctional, sustainable alternative that integrates ecological principles, providing 

benefits such as water quality enhancement, biodiversity, and resilience, while addressing 

the shortcomings of traditional systems (Kaur & Gupta, 2022; Pochwat et al., 2019). 

3.2 BLUE-GREEN INFRASTRUCTURE (BGI) 

Blue-green solutions are frequently recommended as a sustainable, multifunctional 

approach that can help counteract the negative impacts of urbanisation while responding 

to climate change by regulating water and heat, purifying air and water, and enhancing 

recreational aspects and biodiversity (Voskamp & Van de Ven, 2015). The 

multifunctional nature of nature-based solutions such as BGI aligns with a systemic, or 

"integrated" water management approach, which combines various aspects to enhance 

resilience against water-related hazards (Fletcher et al., 2015). Integrated blue aspects 

into the green environment focus on protecting landscapes through a network of blue and 

green areas, including features such as permeable pavements, rain gardens, bioswales, 

wetlands and other blue-green aspects (Kaur & Gupta, 2022). Accordingly, there is a 

requirement in urban planning, design, and management to enhance resilience and 

sustainable development in BGI (Schewenius & Wallhagen, 2024).   

BGI development management is frequently associated with the specialised roles of 

various professionals, including water engineers, landscape architects, and urban 

planners, to provide for successful design (Pochwat et al., 2019). Combining specialised 

professional knowledge with community involvement can improve the long-term 

effectiveness and flexibility of BGI (Keeler et al., 2019). It is essential to facilitate 

decision-making, promote enhanced democratic engagement, ensure community 

satisfaction, and enhance people’s interest in blue-green aspects to the long-term viability 

of BGI projects (Rahtz et al., 2023). Therefore, community involvement is essential for 

the successful implementation of BGI and for creating more sustainable solutions (Everett 

et al., 2023).  

BGI can be classified into several types, such as rain gardens, bioswales, green roofs, 

retention ponds, constructed wetlands, green cover, and sponge city (Hamel & Tan, 
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2022). Further, BGI types can be categorised into micro-scale, meso-scale, and macro-

scale (Ahmad et al., 2019). Interventions in BGI can be implemented at various scales, 

each with unique advantages and challenges (Everett et al., 2023). Micro-scale measures, 

such as urban parks and green roofs, offer localized benefits and community engagement 

but may have limited overall impact (Hamel & Tan, 2022). Meso-scale projects can 

collectively improve urban resilience but require coordinated planning. Macro-scale 

initiatives, like sponge cities and urban green corridors, afford significant flood mitigation 

and environmental benefits, though they demand substantial investment and institutional 

coordination (Sehrawat & Shekhar, 2024). 

3.3 BENEFITS OF BLUE-GREEN INFRASTRUCTURE 

The integration of water elements into green spaces enhances the functionality of the 

whole stormwater management system by creating new experiences for people (Pauleit 

et al., 2020). Therefore, there are some combined advantages of this holistic approach 

duo to integration (Pauleit et al., 2020). Accordingly, the implementation of BGI 

strategies to traditional stormwater management systems has gained environmental, 

social, and health benefits in recent years (Sharma et al., 2021). Mainly, these are done 

due to huge environmental and health impacts associated with stormwater in the world 

(Singh et al., 2023). Therefore, the best stormwater management techniques aim to 

reproduce natural water cycles by reducing stormwater runoff volume and increasing 

infiltration (Bell et al., 2018). 

Table 1: Benefits of BGI 

Benefits Citations 

Carbon sequestration [1], [8], [9], [14], [16], [17], [4], [14], [18] 

Enhance biodiversity [1], [8], [9] 

Climate regulation [4], [14], [13], [18], [19], [20] 

Air quality improvement [1], [20], [1], [13], [19], [8], [7] 

Water quality improvement [1], [3], [8], [9], [11], [15], [17], [20], [22], [24] 

Soil quality improvement [20], [29], [8] 

Water saving [20], [1], [13], [19], [12], [9], [17], [22] 

Reduce flood risk [8], [9], [17], [5] 

Provide recreational activities [1], [10], [21], [2], [4], [14], [18] 

Energy savings [13], [19], 

Aesthetic appearance [7], [4], [14], [18] 

Cost efficient [23], [11] 

[1] (Alves et al., 2019) [2] (Bell et al., 2018) [3] (Brears, 2018) [4] (Depietri & McPhearson, 2017) 

[5] (Dreiseitl, 2015) [6] (Dushkova et al., 2021) [7] (Everett et al., 2023) [8] (Everett et al., 2023) 

[9] (Fletcher et al., 2015) [10] (Gascon et al., 2015) [11] (Ghofrani et al., 2017) [12] (Hamel & Tan, 

2022) [13] (Haase et al., 2017) [14] (Keeler et al., 2019) [15] (Krivtsov et al., 2022) [16] (Li & 

Trivic, 2024) [17] (Liao et al., 2017) [18] (Lourdes et al., 2021) [19] (Lund, 2018) [20] (Markevych 

et al., 2017) [21] (McDougall et al., 2022) [22] (Mguni et al., 2015) [23] (Moreno et al., 2017) [24] 

(O’Donnell et al., 2017) 

As per the benefits identified in Table 1 by referring to the 25 research papers, 13 

emphasised that BGI provides water quality improvement by mitigating stormwater and 
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reducing flood through filtration, retention and evaporation of water. Further, through 

recreational activities, people strengthen their psychological and physical well-being. 

There is considerable research and literature in many countries with multiple benefits of 

BGI for improving urban ecosystems (Kim & Song, 2019). This can shift stormwater 

infrastructure from invisible underground pipeline systems to blue-green stormwater 

measures, with new opportunities for sustainable urban areas (Sharma et al., 2021). 
However, there are barriers to the implementation of this approach. Blue-green solutions 

may be able to address some issues by improving green spaces for the benefit of both 

people and wildlife (Voskamp & Van de Ven, 2015).   

3.4 BARRIERS TO BLUE-GREEN INFRASTRUCTURE 

Although BGI systems are gaining recognition and are being adopted in various countries 

in the world, still, there are many barriers remaining (Raška et al., 2022). A significant 

issue concerning BGI is that most BGI theories and implementations have been developed 

in developed countries such as the USA (Meerow, 2020), Sweden (Suleiman, 2021), 

Norway (Wilbers et al., 2022), Portland (Dlugonski & Szumanski, 2015) and other 

developed countries. Moreover, the expansion of informal settlements can worsen water 

management problems through their impacts on ecosystem services in the form of water 

purification and retention (Harriden, 2012). Although current stormwater research 

addresses various technical, institutional, and financial barriers to adopting alternative 

stormwater management strategies, these barriers still prevail (Kvamsås, 2021).  

Table 2: Barriers of BGI 

Barriers Citations 

Lack of funding [1], [2], [4], [9], [13], [16], [17], [18], [20], [22] 

Uncertainty about the cost [1], [4], [9], [13], [14], [16], [19], [20] 

Lack of awareness [1], [2], [4], [6], [7], [16], [20], [21] 

Reluctant to support new practices [1], [4], [8], [10], [13], [16], [17], [18], [21], [22] 

Legal regulations [1], [8], [16], [17], [18], [22] 

Fragmented roles and responsibilities [8], [10], [16], [20] 

Weather uncertainty [3], [15], [21] 

Implemented on a small scale [7], [8] 

Lack of space [1], [4], [8], [13], [16], [17], [18], [22] 

[1] (Almaaitah et al., 2021) [2] (Ashley et al., 2011) [3] (Caruzzo et al., 2018) [4] (Dhakal & 

Chevalier, 2017) [5] (Drosou et al., 2019) [6] (Hysa, 2021) [7] (Kaur & Gupta, 2022) [8] 

(Kordana, 2018) [9] (Kordana & Słyś, 2020) [10] (Mell, 2008) [11] (Neumann et al., 2017) [12] 

(O’Donnell et al., 2017) [13] (Pregnolato et al., 2016) [14] (Roy et al., 2008) [15] (Sarabi et al., 

2019) [16] (Sarabi et al., 2020) [17] (Stec & Mazur, 2019) [18] (Tchórzewska-Cieślak, Rak, et 

al., 2019) [19] (Thorne et al., 2018) [20] (Wamsler et al., 2020) [21] (Wihlborg et al., 2019) [22] 

(Zawilski et al., 2014) 

Table 2 depicts the barriers to implementing the BGI approach in the world. It indicates 

that among 22 studies, 50% of the studies identified a lack of awareness and knowledge 

of BGI practices as the most prevailing barrier. Accordingly, other barriers are raised, 

including lack of funding, the uncertainty of costs, reluctance to support BGI projects, 

fragmented roles and responsibilities and legal issues. Therefore, the practitioners are 
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required to identify the financial, knowledge, social, and legal barriers in BGI 

implementation (Wamsler et al., 2020). For this reason, professionals have to recognise 

and resolve the new planning issues and change causes, as well as adopt new methods of 

planning, executing, and collaborating (Kvamsås, 2021).  

3.5 STRATEGIES TO OVERCOME THE BARRIERS OF BGI 

As discussed earlier, the transition from conventional stormwater systems to BGI is 

hindered by numerous institutional, technical, and social challenges (Liu & Jensen, 2018). 

Therefore, it is essential to adopt targeted strategies that can facilitate this transition and 

accelerate the adoption of BGI. A key strategy involves implementing inclusive flood risk 

management approaches that promote bottom-up community engagement. This 

participatory model empowers local stakeholders, residents, planners, and property 

owners, to actively contribute to BGI planning and implementation (Drosou et al., 2019; 

Staddon et al., 2018). It also enhances visibility through media and public support, rather 

than relying solely on political momentum (Cettner et al., 2014). 

Incorporating public-private collaborations is crucial, as it bridges the gap between 

privately and publicly owned land, enabling more integrated and extensive BGI solutions 

(Wihlborg et al., 2019). Additionally, knowledge sharing and organisational learning are 

vital for overcoming the widespread lack of awareness about BGI practices. Furthermore, 

knowledge transfer frameworks can ensure that learning from pilot programs and 

successful case studies is embedded into routine municipal operations (McCormick et al., 

2013; Wihlborg et al., 2019). Countries like Sweden have demonstrated success by 

facilitating knowledge exchange networks among municipalities, political bodies, and 

professionals, fostering innovation and regulatory development (Geels, 2011; Wihlborg 

et al.., 2019).  

For emerging economies, similar collaborative models should be established to promote 

innovation and adaptability. To support long-term implementation, multi-stakeholder 

collaboration involving community members, water professionals, urban planners, and 

policymakers is essential throughout the planning, construction, and maintenance phases 

(Cheshmehzangi et al., 2024; Drosou et al., 2019). Overcoming institutional 

fragmentation and encouraging interdisciplinary approaches can enhance coordination 

and sustainability. Furthermore, technological innovation and governance reform should 

be integrated into existing frameworks to improve stormwater management and foster 

intelligent, resilient urban development (Cousins, 2018; Holtz et al., 2008). Finally, 

systematic monitoring and evaluation of BGI systems, including their design, operation, 

and cost-effectiveness, is needed to generate evidence-based improvements and support 

future scalability (Read, 2016; Wihlborg et al., 2019). 

Additionally, effective BGI implementation requires tailoring strategies by scale. 

Because micro-scale efforts focus on community engagement and flexible design while 

meso-scale involve collaboration and stewardship (Hamel & Tan, 2022). Further, macro-

scale use master plans, policies, and technology (Wihlborg et al., 2019). Across all levels, 

aligning with sustainability goals, securing funding, and promoting education and 

coordination are essential for success and long-term impact (Sehrawat & Shekhar, 2024). 
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3.6 CONCEPTUAL FRAMEWORK 

This section outlines the conceptual framework developed to promote BG infrastructure 

for stormwater management, emphasising the associated benefits, barriers, and strategies 

to overcome those barriers. Figure 1 provides the developed conceptual framework. The 

framework initially presents the existing conventional stormwater management systems, 

which primarily rely on structures such as culverts, drains, and outfalls to manage 

stormwater. Transitioning to BGI involves understanding its infrastructure including 

diverse elements such as rain gardens, bioswales, green roofs, retention ponds, 

constructed wetlands, green cover, and sponge cities as more sustainable alternative. 

 

Figure 1: Conceptual framework for implementing BG infrastructure for stormwater management 

The framework defines BG infrastructure in terms of its physical components and 

elaborates on its multifunctional nature, highlighting its role in regulating climate, 

purifying air and water, and enhancing urban biodiversity and recreational spaces. 

Subsequently, the framework highlights key benefits of BGI, including environmental 

improvements, resilience against climate extremes, and social advantages like recreation 

and aesthetic value, which are visually represented in the blue-shaded section. These 

benefits range from carbon sequestration and air quality improvement to reducing flood 

risks, saving water, enhancing biodiversity, and providing cost-effective solutions.  

In parallel, the green-shaded section of the framework captures the barriers that hinder 

the adoption of BG infrastructure. Critical barriers include lack of funding, uncertainty 

about costs, lack of public awareness, legal and regulatory challenges, fragmented 

responsibilities among stakeholders, and spatial constraints, which are critical for 

planning. Recognising these challenges, the framework proposes strategies for promoting 

BG infrastructure, including bottom-up community participation, incorporation of public-

private properties, knowledge transfer, use of emerging technologies, organisational 

learning, and systematic monitoring and evaluation. 

While prior studies have developed conceptual models for BG infrastructure, proposing 

a data management framework for strategic urban planning, and adapting to climate 

change, specific frameworks targeting BG infrastructure for stormwater management 

remain limited (Almaaintah et al., 2021; Sorensen et al., 2021). The interactions among 

components form a dynamic process in this framework, understanding barriers informs 
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the development of targeted strategies, which are facilitated by stakeholder collaboration 

and technology. The continuous cycle of implementation, assessment, and adaptation 

ensures the framework remains responsive to changing urban contexts. Therefore, this 

framework offers a valuable contribution to the existing body of knowledge by providing 

a targeted and practical approach for BG infrastructure implementation in stormwater 

management. 

4. CONCLUSION AND RECOMMENDATIONS 

In conclusion, conventional stormwater management systems are seen as inadequate, 

prompting a shift toward nature-based BGI solutions that integrate ecological design to 

manage runoff, enhance resilience, and restore water quality and flow restoration. BGI 

offers a sustainable, multifunctional approach to urban resilience by integrating 

stormwater management with green spaces, combining expert knowledge with 

community engagement. Further, it provides key benefits such as carbon sequestration, 

increased biodiversity, improved air, water and soil quality, water and energy saving, and 

enhanced recreational spaces. However, several barriers hinder the widespread 

implementation of BGI in stormwater management, including lack of funding and 

awareness, cost and weather uncertainties, reluctance to adopt new approaches, and 

stiffness of legal requirements. Overcoming these challenges requires integrated 

strategies such as bottom-up community participation, incorporation of public-private 

properties, organisational learning, knowledge transferring, utilisation of emerging 

technologies, and systematic monitoring and evaluation. To advance the effective 

implementation of BGI, future research should evaluate adaptive strategies across the 

diverse urban contexts to address current barriers and propose models for integrated 

governance and sustainable financing.  
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