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ABSTRACT

Stormwater has been acknowledged as a major concern in cities because of mismanagement of this resource. It
has also been underestimated as a resource in climate change actions and policies. Water sensitive urban design
(WSUD) is considered as an effective adaptation measure to address these issues while providing many co-
benefits. This paper reports the challenges of implementing WSUD in the Australian context. Semi-structured
interviews were conducted with 57 experts in Australia. The experts are involved in design, research, engi-
neering, and planning policy in both public and private sectors. The qualitative analysis of the interviews
involved thematic and content analysis through NVivo12. Analysis of the responses indicated six main challenges
including financial, innovation and evaluation tools, capacity, institutional arrangements, and policy. The ex-
perts believe that a lack of standardized design and implementation can be addressed through collaborative
design processes. They suggest a robust structure of approval process and establishing clarity of roles and re-
sponsibilities in all sectors. All respondents confirm the critical role of monitoring and maintenance in these
projects. It is suggested that allocating recurrent funding for these ongoing activities from the beginning and

setting incentives to engage communities and local councils in maintaining the projects can be helpful.

1. Introduction

Climate change has exacerbated critical concerns in urban water
systems such as flooding, droughts and water resource degradation (Han
& Kuhlicke, 2021). According to the IPCC 2022 report (IPCC, 2022),
extreme weather events due to anthropogenic climate change have
increased, leading to droughts and also floods, such as followed heavy
rainfall events in western Europe, China, Japan, the USA, Peru, Brazil
and Australia. The report indicated that there is evidence of negative
impacts of changes in the hydrological cycle on people and ecosystems.
Climate change, land use development and water pollution are the main
reasons for water resources degradation (Akhtar et al., 2021; Bossio
et al.,, 2010; Hawken, Avazpour, et al., 2021). Identifying the signifi-
cance of stormwater management, in the context of climate change, is a
critical step in developing sustainable interventions that mitigate the
impact of these issues.

Traditional engineering solutions, such as levees, canals, and pipe-
based infrastructure have been the typical approaches to urban storm-
water management. The measures implemented to accelerate the
downstream movement of water have resulted in detrimental
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consequences such as geomorphic and hydrological changes in channel
morphology and behaviour, riverbank erosion, and consequently water
degradation and an increased risk of flooding (Avazpour et al., 2018;
Mondal & Patel, 2018). Over the past two decades, there has been a
change of emphasis from engineered approaches to integrated methods
which mainly feature nature-based solutions (Oral et al., 2020). This
shift has happened as there are numerous social, environmental and
economic benefits to be gained by using nature-based solutions (Coutts
et al., 2012), which also facilitate resource recovery through source
separation and source control (Nika et al., 2020). The concept of water
sensitive cities (WSCs) and Water sensitive urban design (WSUD)
emerged in Australia in the 1990s; it reflects the techniques, approaches,
and principles employed to manage stormwater (Ashley et al., 2013).
Fig. 1 shows the various sources of urban water, the importance of
stormwater management and WSUD to achieving WSCs. In this study, a
critical role in the success of WSCs is ascribed to stormwater manage-
ment. Stormwater is considered here to be a major urban water resource
to be managed using WSUD measures. Recognizing the related domains
of urban water governance, socio-ecological systems, resilience and
adaptive management to climate change, this research focused on
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stormwater management within the WSUD and WSC domains.

By its very name, the term WSC positions stormwater management as
integral to urban design, not just an engineering strategy and as such,
WSUD now engages various design professionals in developing solutions
for urban stormwater management. Although the concept of WSUD is
known by different terms and acronyms in other countries (Fig. 2), the
approaches and techniques applied to urban stormwater management
all share the aim of helping cities to reduce urban runoff, minimize the
hydrological impacts of urban development on the surrounding envi-
ronment, enhance water quality and biodiversity through minimizing
changes to hydrology and decreasing pollutants (Ashley et al., 2013;
Fletcher et al., 2015). However, there are different areas of focus and
concern in different countries. In the United States, water scarcity,
stormwater reuse and coping with drought are key considerations in
cities like Phoenix and Tucson while in cities like Chicago the focus of
water management is flood control (Cutts et al.,, 2015; Dhakal &
Chevalier, 2017; Larson et al., 2013). In Australia and in European
countries, stormwater quality and quantity have been key concerns,
while in developing countries the focus often remains on removal of
stormwater from the urban areas in the shortest time (Gogate et al.,
2017; Roy et al., 2008).

In Australia, these integrated approaches have received increasing
attention from cities that have experienced prolonged droughts between
2001 and 2009 (Furlong, de Silva, & Guthrie, 2016). Many projects have
been developed to manage urban water systems, using different termi-
nologies for integrated approaches (Fletcher et al., 2015). However,
based on the differences of context and local development, there are
some differences in the expression of these principles. The overlap in
terms of specificity and breadth of application illustrates the similarity
of underpinning ideas, as well as the dynamic and multi-dimensional
nature of terms used (Fig. 2) (Fletcher et al., 2015). Table 1 is a sum-
mary of named approaches overlapping the concepts of WSCs and
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WSUD. WSUD and WSC are the terms mainly used in Australia. In this
research, WSUD defines the measures used to manage stormwater which
can be applied in different urban contexts.

This paper focuses on Australia as one of the main pioneers in
stormwater management, with many generations of dealing with the
extremes of floods and droughts, now exacerbated by the effects of
climate change. There are implications for Australian cities which make
them a priority to identify appropriate solutions (Wong, 2015; Wong &
Brown, 2008). Australia has achieved significant integration of WSUD
principles in new urban developments, particularly in greenfield areas,
and the majority of guidelines focus on these new settings. However,
there is a lack of guidelines and fact sheets on retrofitting WSUD in
existing urban areas. A study by Weber et al. (2009) assessing the Botany
Bay catchment in South Eastern Australia indicated that retrofitting
WSUD into existing urban areas yields more substantial reductions in
pollutant loads compared to implementing it in greenfield settings.
These studies emphasize the importance of applying WSUD approaches
to both new and existing urban contexts. Australian and international
research findings have emphasized that urban water management the-
ories should be linked to design disciplines (Brown et al., 2009). In this
regard, using stormwater through the application of WSUD strategies
can help practitioners to retrofit urban areas. However, there is still a
significant gap between theory and practice (Islam et al., 2021). More
research is needed to see if WSUD strategies derived from the theoretical
literature, technical frameworks and field experimentation can be
combined into an integrated design approach (Furlong, Gan, & de Silva,
2016).

Research has shown that throughout the collaboration between sci-
ence and design, the link between WSUD, urban landscape design and
ecological planning should be better integrated (Ashley et al., 2013;
Irvine et al., 2021; Xia et al., 2017). Although WSUD as an approach to
manage urban water has been introduced to practice by applying
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Fig. 1. The relationship between WSUD, WSCs, green infrastructure (GI) and stormwater management in the urban water cycle. (Source: Author).
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A summary of water management approaches (source: Author).
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e Global Context
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Global Context
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Key words

Definition

Typical example

Country of origin

Reference

Best Management
Practices (BMPs)

Low Impact
Development (LID)

Green Infrastructure (GI)

Low Impact Urban
Design and
Development (LIUDD)

Sustainable Urban
Drainage Systems
(SUDS)

Integrated Urban Water
Management (IUWM)

Water sensitive cities
(WSCs) & Water
Sensitive Urban
Design (WSUD)

Sponge Cities

Structural measures used to store or treat
urban stormwater runoff to reduce flooding,
remove pollution, and provide other
amenities.

Strategies with the idea of ‘design with
nature’ using site layout and integrated
control measures.

Focuses on increasing green areas and
creating ecological nodes and corridors within
cities.

Respects the indigenous (Maori) conception of
the regional environment while controlling
pollution.

Uses the natural features of a site and the pre-
development drainage patterns consisting a
range of technologies and techniques to drain
stormwater/surface water in a sustainable
manner.

Integrates different sources of urban water
through incorporating the roles and
interactions of the various institutions
involved in management of the urban water
cycle.

Consider all forms of urban water at various
scales to support the functions of the natural
environment.

Focuses on recycling stormwater by retention,
infiltration and purification techniques to
reduces flood risk and increase water
availability.

Detention or retention facilities; Infiltration
facilities; Wetlands, Vegetative strips, Filters;
Water quality inlets

Roof gardens, Rain gardens, Bioswales; Pervious
pavements; Wetlands; Green areas and urban
natural vegetation corridors

Green roofs; Trees; Rain gardens; Permeable
pavement that can capture and infiltrate rain

Roof gardens, Rain gardens, Bioswales; Pervious
pavements; Wetlands; Green areas and urban
natural vegetation corridors

Green roofs; Permeable surface; Infiltration
trenches; Filter drains and filter strips; Swales
and shallow drainage channels; Detention
basins; ponds and wetlands; Flooding parks

Water conservation and efficiency; Urban layout
and landscaping; Utilisation of nonconventional
water sources including roof runoff, stormwater,
greywater and wastewater; Application of fit-for-
purpose principles; stormwater and wastewater
source control and pollution prevention;
Stormwater flow and quality management; The
use of mixtures of soft (ecological) and hard
(infrastructure) technologies

Rain gardens, Bioswales; Pervious pavements;
Wetlands; Bioretention basins

Rain gardens, Bioswales; Pervious pavements;
Wetlands; Bioretention basins

North America,
particularly the
United States and
Canada

North America, New
Zealand

The USA

New Zealand

Britain

North American

Australia

China

Fletcher et al., 2015;
Sharma et al., 2016

Donofrio et al., 2009;
Sharma et al., 2016

(Benedict & McMahon,
2006)

Fletcher et al., 2015; He
et al.,, 2019

Qiao et al., 2018

Howe & Mitchell, 2011;
Radcliffe, 2019

Brown et al., 2009;
Wong et al., 2020

Hawken, Sepasgozar,
et al., 2021; He et al.,
2019; Zevenbergen
etal., 2018
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different techniques such as wetlands and bioswales, the relationship
between design in practice and research is not achieved adequately
(Hawken, Sepasgozar, et al., 2021).

Although there are studies on the benefits of WSUD, an investigation
of the benefits of a WSC approach has not been comprehensively con-
ducted that considers environmental, social, economic and governance
aspects (Fogarty et al., 2021). Some tools have been developed to esti-
mate the values of these projects e.g., CIRIA B£ST tool assesses the
benefits of blue-green infrastructure while the focus is mainly on natural
flood management (Horton et al., 2015), TEEB (The economics of eco-
systems and biodiversity) in the Netherlands that focuses on the finan-
cial benefits of green spaces (Sukhdev et al., 2014), and the tools
developed by Centre for Neighbourhood Technologies (CNT, 2023) in
the USA, each has a specific areas of focus. There is a need to identify
more assessment tools and indicators in a holistic approach to evaluate
the post-implementation performance of WSUD, and that requires
exchanging information within a strong technical framework achieved
by collaboration between science and professional designers (Xu et al.,
2019). However, collaboration between disciplines to achieve a satis-
factory output is frequently not considered in the design process. In
practice, cooperation between different sectors - such as researchers,
government agencies, the private sector and the local community - is not
achieved with the process largely conducted by practitioners alone
(Ahern et al., 2014). In essence, there is a lack of clarity regarding the
role of design in the transdisciplinary process. Just as the role of design
professions is not clarified during post-implementation and monitoring,
the role of ecologists is typically disregarded in public participation and
co-design. The lack of communication between disciplines hinders
interdisciplinary learning (Lawrence, 2015).

To link WSUD practice and theory and to enable multidisciplinary
collaboration, the challenges of mainstreaming WSUD projects need to
be identified. In this research the challenges are considered as dynamic
because of the constant changes of the factors that impact them
including stakeholders, actors and institutional arrangements. The aim
of this paper is to understand how urban water experts in Australia
perceive these challenges and how they believe they can be addressed.
To begin, a literature review was conducted to identify the challenges of
stormwater management in the Australian and international contexts.
Second, semi-structured interviews were undertaken with 57 Australian
experts across different disciplines in public, private and research sec-
tors. A thematic analysis of the interview transcripts revealed six main
challenges to institutionalising WSUD projects in Australia, and the
measures necessary to address these challenges, enabling the design of
multifunctional and resilient water sensitive projects.

The remainder of this paper is structured as follows. Section 2 re-
views the literature around the challenges of implementing WSUD
projects. Section 3 presents the applied methodology used to inform the
data collection for this research. The result of the thematic analysis of
the interviews is elaborated in Section 4, followed by a discussion of the
way forward to transition to a WSC. Finally, in Section 5, the research
limitations are outlined, followed by Section 6, which concludes the
research outcomes, and provides insights for practitioners and aca-
demics while outlining future directions for further research.

2. The challenges of implementing WSUD in cities

The literature investigated the challenges of implementing WSUD
projects in cities around the world. As revealed by the US National
Research Council (NRC, 2009) and studies by the Cooperative Research
Centre for Water Sensitive Cities (CRC WSC) (Choi & Mecilrath, 2017;
Sharma et al., 2018), the main challenges to implementing green
infrastructure and WSUD projects include regulatory constraints across
different urban scales, institutional challenges, and technical, financial
and socioeconomic challenges. The challenges of WSUD projects in
Australia mainly result from governance issues and the complexity of
stakeholder environments (Ahammed, 2017; Brodnik & Brown, 2018).
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Although there are efforts to design multipurpose projects, the main
focus is on technology and techniques of implementation rather than the
dynamic factors influencing performance of the project (Furlong, de
Silva, & Guthrie, 2016). For example, in Elmer Avenue Neighbourhood
Retrofit, Los Angeles, while the aim was to control floods and safely
capture urban runoff, an attempt was also made to increase the storm-
water capacity of the project by utilising the maintenance element of the
project, which led to problems in delivering the main aims of the project
(Belden & Steele, 2011). The techniques supporting the project were
new and, although best practice (around 12 BMPs were adopted), not in
common use. This made the maintenance process expensive as each of
the elements required a specific maintenance approach. A lesson learned
from this project is that more models for critique need to be developed to
facilitate the exploration and testing of new techniques (LPS, 2011).

- Policy and regulations

Policies and regulations are intended to mediate the relationships
between different agencies at different levels including local, precinct
and regional scales (Sharma et al., 2016). This enables establishing a
link between the theory and practice of WSUD projects in Australia,
where the water industry is participated in by different agencies and
organizations (Zuniga-Teran et al., 2019). As stated by Schifman et al.
(2017), there should be collaboration between professionals through
multidisciplinary approaches across all phases of the projects. This leads
to establishing common goals and reaching a common perception of the
outcome by different disciplines through efficient communication be-
tween states, local governments, developers, communities and other
stakeholders.

The literature emphasizes the importance of this shift from tradi-
tional approaches to innovative, multipurpose techniques and strategies
(Madonsela et al., 2019). However, the pace of this shift is slow as policy
and regulations have not adopted innovative approaches and it needs to
address professional barriers. As stated by Fogarty et al. (2021),
although achieving water resilient cities depends on the critical role of
regulations and policy, these are mainly underestimated, and the main
focus is on the technical performance of a stormwater management
system, or on specific elements. Sharma et al. (2016) suggested there
was a need to revise regulations and policies to reflect the local context
with a focus on multifunctionality. In addition, despite existing policies
framing the sustainable management of stormwater, there are institu-
tional complications to implementing WSUD projects (Furlong, de Silva,
& Guthrie, 2016). The role of government and water management or-
ganizations in the success of WSUD projects is not only about setting up
innovative approaches on the ground and building new knowledge but
also to establish a culture of engagement and commitment to solutions
which support the resilience of our cities (Werbeloff & Brown, 2016). In
this regard, there should be more research on enhancing stakeholder
engagement, including communities and developers with WSUD pro-
jects. A holistic guideline that facilitates sharing and ensures that or-
ganizations, developers and stakeholders have sufficient information
about the importance of all project stages is essential for fostering
effective collaboration, addressing potential challenges, and successfully
implementing WSUD initiatives. (Prosser et al., 2015).

According to the Parliament of Australia report (2016) on storm-
water management, the submission by CRC for WSCs indicated that the
main issue in Australian stormwater management is the uncertainty
about legal ownership of stormwater as a resource, and there are also
limited resources available to local government. In many cases, local
government manages urban water instead of water utilities, leading to
some challenges. Australian Water Association submission for the par-
liamentary inquiry indicated some stakeholders oppose this arrange-
ment, where different water sources are managed by different entities.
On the other hand, various stakeholders believe that local governments
see stormwater as a threat and act to discharge it as quickly as possible.
In addition to the lack of resources that local governments have for
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stormwater management, even though they manage and own the ma-
jority of stormwater infrastructure, they do not own the water.

These problems also result from the lack of economic incentives and
private sector engagement. Currently, there is no private sector invest-
ment in stormwater management, primarily due to the lack of compre-
hensive objectives guiding stormwater management, which in turn
affects private sector interest. According to the parliamentary inquiry, to
ensure consistency in stormwater management and engage the private
sector in offering innovative solutions, state governments should
establish well-defined policies and leadership roles for improving
stormwater management within their jurisdiction. This requires a
jurisdictional arrangement within state public sectors and collaboration
between state and local governments. In this regard, state governments
need to provide better support to local councils (The Parliament of
Australia report, 2016).

- Complexity of stakeholders

There are different approaches to determine the definition of stake-
holders. In this paper, stakeholders are defined as the government pro-
fessionals, neighbourhood associations, organizations, communities and
individuals who are involved in any stage of a WSUD project. This
definition aligns with that of the Network of Conservation Educators and
Practitioners (NCEP), which points out that these groups often have
quite different values and positions which may be difficult to reconcile
(Vogler et al., 2017). For example, some want to emphasize ecological
issues, others aesthetic aspects. Thus ‘stakeholder complexity’ refers to
the number of parties and perspectives involved in a project that, in
practice, can lead to difficult collaboration processes.

One of the main issues in stakeholder management is convincing
them about the benefits of WSUD projects and balancing their re-
quirements and project outcomes (Brodnik & Brown, 2018). Scholars
believe that appropriate implementation of WSUD projects and
providing the right case studies for the stakeholders can justify the
approach and convince them about the benefits of grounding sustainable
water management solutions (Cook et al., 2019). In this regard, lack of
shared knowledge and skills between government professionals and
academics in design, implementation, monitoring and maintenance of
WSUD projects can lead to uncertainty about the benefits of the projects
and hinder the successful engagement of stakeholders. Prosser et al.
(2015) and Furlong et al. (2019) argued that despite the existence of
new green infrastructure techniques and principles, certain organiza-
tions and experts have access to them but most of the time they do not
work together. Although knowledge sharing between actors is necessary
to transfer techniques and enhance capacity, it is not achievable if the
transfer processes and technologies are not adapted to the culture of the
organizations. To transfer knowledge and share technology, some
scholars suggest using publications and reports (Leonard et al., 2019).
The challenges and solutions of knowledge sharing, and stakeholder
engagement are: 1) developing a holistic guideline by local governments
to provide enough information for all involved stakeholders; 2)
increasing the capacity to absorb new techniques and innovations; 3)
increasing the stakeholders’ awareness to appreciate the situation; 4)
developing publications and reports through workshops to engage all
disciplines in early stages of the projects; and 5) encouraging mutual
exploration of the potential benefits of WSUD projects through
engagement workshops. In this way the relevant dominant benefits can
be identified which may vary between location specific contexts
(Hawken, Sepasgozar, et al., 2021; Johnson et al., 2019).

- Innovation and technology

The idea of applying new technology and innovations in water
management projects has become highlighted since awareness of the
consequences of relying on grey infrastructure has been raised (Dhakal
& Chevalier, 2017). In addition, the cost of maintenance and
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construction of grey infrastructure has led to emerging innovative ideas
to control urban water through nature-based solutions (Alves et al.,
2019). Climate change and water issues have encouraged cities to build
up capacity to accept and absorb changes - such as extreme weather
condition, governance structure - in ways not possible with grey infra-
structure. However, evolving to green infrastructure requires new pol-
icies and regulations for managing water resources (Brears, 2018). To
date, policy and regulation have not facilitated successful translation of
fresh ideas into the design and implementation of WSUD. This can
produce a mismatch between the goals and the outcomes of projects. A
process for transferring innovative ideas from policy to implemented
outcomes — based on what stakeholders need — should be available
during project development (Zevenbergen et al., 2018). Providing a
situation in which organizations can create changes that stakeholders
can accept, will facilitate the transformation to WSCs (Ruangpan et al.,
2020; Sharma et al., 2018).

- Standardization and technical guidelines

Implementing technologies on the ground is another challenging task
in WSUD projects as there is no specific technical guideline to facilitate it
(Collins et al., 2020). Enhancing communication between disciplines
through technical guidelines can be an area for future research to
investigate how to share knowledge and techniques between organiza-
tions. It has benefits in cost and resource management of the projects
(Hawken, Sepasgozar, et al., 2021). In Australia, this is one of the
challenges that is linked to confidentiality matters (Brodnik & Brown,
2018). Local governments in Australian cities have tried to facilitate
communication by running workshops, site visits, and courses but there
also needs to be research on how to develop guidelines from these
(Hawken, Sepasgozar, et al., 2021). Technical guidelines can be effective
on the standardization of WSUD projects to assess the projects in design,
implementation, and maintenance stages (Madsen et al., 2017). How-
ever, lack of experienced personnel who have adequate knowledge to set
and document project standards is still a big challenge for organizations
(Zuniga-Teran et al., 2019).

- Financing WSUD

Because of the costs of site evaluation and design, it is difficult to
convince stakeholders about implementing WSUD (Xu et al., 2019). To
reduce the costs, Fogarty et al. (2021) conducted a comprehensive study
on regulatory frameworks and funding mechanisms to manage water
resourcing. They suggested a comprehensive development study with
site-specific scenarios for discussion among stakeholders and actors. A
cost assessment ahead of the projects in conjunction with modelling of
the economic benefits of their environmental and social outcomes can
facilitate comparison between solutions (Chan et al., 2018; Whiteoak,
2019; Whiteoak, 2019). The other aspect of the economic challenge
relates to the perception of the environmental, social, cultural and
economic benefits of these projects. In this regard, He et al. (2019)
argued that providing an opportunity for communities and other
stakeholders to be involved in the process of design and research
through workshops and meetings, and also documenting case studies
can facilitate fundraising and increase public awareness about the
benefits of these projects.

In this section, the literature was reviewed to map the challenges of
mainstreaming WSUD projects in the context of Australia. These chal-
lenges are categorized in policy and regulations, innovation and tech-
nology, stakeholders’ complexity, standardization, and financing of
WSUD projects. Although these challenges are investigated in the
Australian context, there are common aspects with other jurisdictions.
In the following sections, the methodology of comparing findings from
the literature with those gathered through semi-structured interviews
with Australian water management experts, is discussed. Through the-
matic analysis, the challenges are discussed in accordance with the



B. Avazpour et al.

outcome of the literature review.

3. Methodology

Australia was considered an ideal case for this study as it has a sig-
nificant background in design and implementation of WSUD and it has
also coped with water management challenges despite a complex
governance structure for stormwater management. 57 semi-structured
interviews were undertaken with government professionals, aca-
demics, and practitioners in Australia. The experts were selected based
on their involvement in different scales and phases of water manage-
ment projects including design, implementation, and maintenance. The
interviewees also represent different disciplines: environmental science,
biology and ecology, civil and environmental engineering, urban design
and landscape architecture, urban policy and planning, and infrastruc-
ture management. Interviewees were targeted on the basis of their un-
derstanding and expertise in water management and WSC issues, and
their interest in the performance of stormwater management projects.
They also needed to have been involved in at least one water manage-
ment project, academically or practically. The respondents were
selected from different states and territories to enable geographical
analysis (Fig. 3).

For the purpose of this research, the focus is to indicate the chal-
lenges of stormwater management in Australia and compare these with
other countries. To gain a balance between government professionals,
academics, and practitioners, 11 experts had been completely involved
in academic research projects, 26 were involved in practice and 20 were
engaged with both research and practice. This study mainly focused on
the experts with more than six to ten years’ experience in senior posi-
tions including project managers, directors and project team leaders.
They were selected through a review of LinkedIn profiles, the academic
and ‘grey’ literature and university websites. The total number of in-
terviewees (57) is regarded as an appropriate sample size in qualitative
research projects (Vasileiou et al., 2018) and allowed comprehensive
coding of the interview transcripts. The data collection was approved by
the UNSW Panel for the Ethical Conduct of Research. To maintain the
anonymity of participants, each was given a code that indicates their
profession, area of expertise, and the stage and scale of the projects they
discussed during the interview (Table 2).

The interviews were conducted between September 2020 and
January 2021; each took around one hour and was recorded. The in-
terviews were carried out online (Teams or Zoom) and/or by telephone
as face-to-face interviews were not possible because of COVID-19 re-
strictions. One of the advantages of semi-structured interviews is that it

WA 5% ACT, 2%

\

Fig. 3. Percentage of the interviewees based on geographical location
in Australia.

QLD, 9%
NSW, 48%

SA, 9%

VIC, 27%
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gives an opportunity to discuss different aspects of the interviewees’
responses in more depth (Horton et al., 2004). To analyse the data, each
interview’s audio-record was transcribed and coded, using NVivol2
(Richards, 1999). Matters discussed during the interviews were cate-
gorized into three main areas: 1) the perception of the experts about
WSUD projects; 2) the regulations, climate change adaptation strategies
and potential they see in the specific city in which they were involved; 3)
the experience of implementing WSUD strategies in a specific project
they worked on.

After transcribing the interviews, initial coding was done through
reading the transcripts using thematic analysis. Following the initial
coding, the codes were categorized into related themes based on eval-
uation coding. Evaluation coding is a process which involves applying
non-quantitative codes to qualitative data to assess the merit, worth,
performance or significance of a policy or program. Evaluation coding
describes, compares and predicts the data (Saldana, 2021). The final
stage involved analysis of the themes and writing the key concepts
through elaborating codes justified by the relevant quotes.

Statistical analysis of the codes was not applied in this paper, and the
codes were adopted through an iterative methodology (Morse et al.,
2016).

4. Results and discussion

In the following sections, the core concepts and key challenges of
implementing WSUD projects to mainstream WSCs based on the above
analysis, are discussed.

4.1. Core ideas and concepts

When the interviewees were asked about the barriers and opportu-
nities of stormwater management through WSUD projects, the main
challenges they mentioned fell into six major themes: institutional ar-
rangements, innovations and technical challenges, jurisdiction, socio-
cultural context, maintenance, and project finance. Fig. 4 summarizes
the key features of the challenges and enablers of WSUD.

4.1.1. Institutional arrangements and standards
- Design and implementation standards

The majority of interviewees said that it is necessary to develop a
clear standardized design process that aligned with the regulations in
designing and maintaining the infrastructure, with one respondent
stating that: “... It’s really about setting things at that top level and getting
them right there and then making sure that it’s clear in terms of standards and
regulations for the people who are expected to sort of implement them on their
side-by-side basis what it actually means for them” (PD1).

As stated by some interviewees, having standardized processes en-
ables projects to be systematically evaluated within a framework of
design and implementation. This evaluative framework also enables the
designers and agencies to convince developers and stakeholders about
the benefits of the projects. In addition, the experts indicated the
importance of the alignment of planning controls and engineering
standards in WSUD projects.

Despite the views above about the critical role of standardizing the
design and implementation process, the interviewees pointed out that
there is still a long way to go to develop a unified framework. As pointed
out by one interviewee, in England, there is a standardized approach in
water management and flood control (Chan et al., 2018) but in
Australia, there are different responses from different councils and
agencies. For example, in UK, there are reports such as the Planning
Policy Statement 25 (PPS25) (DCLG, 2007); and the National Planning
Policy Framework (NPPF) (DCLG, 2012) that are guidelines for planning
process within flood-risk appraisal and assessment practices and Code
for Sustainable Homes (DCLG, 2011) has the greatest influence on
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Table 2
Summary of interviewees with codes indicating profession and discipline (Source: Author).
Area of experience Total
Science ‘S’ Engineering ‘E’ Design ‘D’ Policy and planning ‘P’ Management ‘M’
Academia ‘A’ 2 interviewees (AS1, AS2) 2 interviewees (AE1, 1 interviewee (AD1) 4 interviewees (AP1 to 2 interviewees (AM1, 11
AE2) AP4) AM2)
Practice ‘P’ 4 interviewees (PS1 to 4interviewees (PE1 to 5 interviewees (PD1 to 5 interviewees (PP1 to 8 interviewees (PM1 to 26
PS4) PE4) PD5) PP5) PM8)
Both practice and 3 interviewees (BS1, BS2, 4 interviewees (BE1 to 5 interviewees (BD1 to 3 interviewees (BP1 to 5 interviewees (BM1 to 20
academia ‘B’ BS3) BE4) BD5) BP3) BMS5)
Total 9 10 11 12 15 57
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Approvals
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Constant
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and
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Socio-cultural
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Allocating
budgets
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and reports

Fig. 4. Challenges and enablers of mainstreaming WSCs (Source: Author).

property developments.

To reach a standardized design, one of the interviewees indicated the
importance of a multifunctional design by incorporating the social,
ecological, and economic aspects of WSUD projects: “... in the UK,
standardized design is resolved by developing a certification approach”

(PD4). Flood and Water Management Act 2010 (Legislation, 2010) and
the Code (Water, 2021) are among the programs to standardize storm-
water management in UK. The approach provides an integration be-
tween disciplines and water agencies and develops learning
opportunities. It highlights the benefits of the standards and the
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necessity for governments to develop them if they are lacking.
- Collaborative design and delivery of WSUD projects

One of the main issues in design and implementing the water man-
agement projects according to the interviewees relates to cross-agency
projects and the solutions to be developed by different agencies (Mal-
ekpour et al., 2021). It is emphasized that these solutions come from
different agencies with different areas of focus, and it is hard to develop
a solution while there are no specific criteria for the deliverables. As one
of the interviewees highlighted: “... they’re both speaking to the same
fundamental issues, and you need sort of shared solutions to make sure that
those things are deliverables” (BE3). Similarly, some interviewees echoed
the effect of cross-agency decision making in water management
projects.

Most interviewees emphasized that a successful water management
project should consider a collaborative approach between different
disciplines. They mentioned the critical role of urban designers and
landscape architects in implementation and post-implementation of the
projects which is mainly disregarded:

“In our project, there was a hierarchy of who should be involved in what
stage. We clarified the roles at the beginning of planning and research of
the project and as we were aware of the effect of different disciplines, we
tried to make a balance and involve designers in engineering and technical
as well as maintenance discussions and also ask our engineers to work
with designers from the beginning. That was the key to the success of this
project” (PM3).

However, some interviewees highlighted that in some projects, it is
not easy to ask engineers to work with designers and ecologists, partly/
mainly because of a lack of a common language and therefore difficulties
in communication. Most interviewees pointed out that the challenges of
managing WSUD projects are grounded in lack of communication be-
tween different disciplines and agencies and most of the experts
emphasized the advantages of collaborative design through cross-
agency and cross-disciplinary cooperation. However, it should be
considered that this challenge could be attributed to the differing goals
among various agencies. For example, across Asia and in the UK, the
drivers formulating climate change adaptation policies in water man-
agement are directed by central governments like the National Planning
Policy Guidance (NPPG) in the UK, also mentioned by Young and Essex
(2019). This shows that robust top-down governance could be very
beneficial in developing climate change and water management pol-
icies. Strategic guidance from central government can be beneficial in
prioritizing stormwater management actions to be implemented locally.
Support from higher levels of government can result in confidence in
implementing adaptation strategies.

According to this research, however, the integration of top-down and
bottom-up approaches could be more effective in achieving WSC goals.
Application of top-down or bottom-up approaches depends on the
context. Top-down governance works for certain contexts such as UK
and China where roles and responsibilities are clarified at high levels.
However, in other areas such as Australia, the USA and Europe, the
bottom-up approach helps by integrating stakeholders across scales. A
combination of a top-down structure at high levels and bottom-up local
governance provides a holistic urban water management approach in
which the roles and responsibilities are clear, and all stakeholders are
collaborating. This concept is supported by the literature (Aina et al.,
2019; Gabe et al., 2009; Girard et al., 2015).

Thus, the process of stormwater management starts with defining
strategies, indicating methods and developing objectives at a high
governance level, while design specifications, engineering and con-
struction matters are detailed at lower levels. This hierarchical and
centralized approach can set evaluation criteria for more local policies.
A smooth transition from strategy to design, without any conflict, re-
quires clear communication between stakeholders and separation of
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responsibilities between scales.

4.1.2. Evaluation tools, technical standards and innovation

According to the interviewees, in Australia, engineers, construction
teams and maintenance experts have adequate knowledge of how to
implement a specific WSUD technique on a site “They are all familiar with
the techniques. However, when it comes to the communication, the challenge
arises” (AE2). However, our interviewees emphasized how innovation in
communicating water management strategies can be beneficial for
cities:

“...it is more important to be innovative, because by innovation, knowl-
edge can be transferred to other cities and projects and we as experts can
learn from each other to control and manage urban water and adapt to
extreme weather events” (PS2).

The importance of innovations and use of technology was stressed by
interviewees, with one respondent highlighting the role of technology in
their project “the project was a success to control stormwater quality by in-
situ technology working with some sensors to monitor and control algae”
(PMB8). In addition to the use of technology, most interviewees stated
that innovation in WSUD projects must be achieved through
multifunctionality:

“... in our project, the innovation was not about technology, it was about
how the design could work for different purposes such as social, envi-
ronmental, and economic. WSUD projects are multifunctional and have
social, economic, and environmental benefits” (BD3).

Following the above statements, some interviewees pointed out the
other aspects of innovation in WSUD projects including improved
communication between teams and with the government; Interviewee
PM5 mentioned they had designed a new tool to strengthen the rela-
tionship between stakeholders, researchers, and government which:

“...facilitated communication between all sectors and helped to allocate
the responsibilities of each party”.

Interviewees pointed to other aspects of innovation, for example by
integrating blue, green and grey infrastructure (PP5) (Alves et al., 2019).
This was echoed by another interviewee who then pointed out that
multifunctionality leads to urban resilience: “...the innovation in water
management projects comes with multifunctionality that leads to city resil-
ience. This is the main goal of these projects and achieving this goal neces-
sitates considering the urban water system and infrastructure as a whole
spectrum”. (PP1) While interviewees highlighted the importance of
taking a comprehensive approach to the functional development of
cities in introducing urban water projects, most stated that to achieve a
multifunctional project, is a big challenge as there are a multitude of
stakeholders and agencies involved.

Based on the interviews, it became evident that achieving success in
WSCs depends on innovative approaches in multifunctionality which
thus leads to resilient infrastructure. It should be emphasized that such
innovation is within the consistent fundamental principles of WSUD and
WSC approach. However, the majority of respondents stated that the
difficulty of achieving this aim is to prioritize the goals. They mentioned
that the solution to prioritizing the challenges is through learning from
pilot projects. Interviewees also indicated that pilot projects are the best
way in which to introduce WSC goals to communities “... if you need
public support in a WSC, there must be pilot projects to show them the benefits
of WSCs and to justify the project” (BM3). For example, the SWITCH
project was an extensive study that focused on addressing significant
sustainability challenges in urban water management over an extended
period. Across several cities worldwide, it aimed to investigate the re-
quirements for transitioning to a more sustainable urban water man-
agement. This included conducting research based on identified needs,
demonstrating activities, facilitating multi-stakeholder learning, and
providing training and capacity building opportunities (Butterworth
et al,, 2011). While projects such as SWITCH project serve as an
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appropriate demonstration of such studies, according to the in-
terviewees, there is still a need for more projects in various contexts to
provide greater opportunities for learning.

Some interviewees also mentioned the necessity of a technical
guideline to demonstrate the best WSUD projects: “it is very important to
know about the techniques and approaches of water management in other
cities or even other parts of the world and it happens through sharing case
studies” (PD4). This assists not only the practitioners and designers to
update their knowledge and use others’ experience, but also is helpful to
present the benefits of WSUD projects to the public and clients: “... most
of the time, it is difficult to convince a client especially about the cost-
effectiveness of WSUD projects. They need a clear economic perspective,
and the case studies could be helpful” (BD1). According to the in-
terviewees, case studies also provide an opportunity to clarify the
techniques and to eradicate the ambiguity of the technical aspects.

Thus, regarding innovations and technological challenges of WSUD
projects, a common thread in the responses highlights the necessity of
innovative approaches in managing stormwater and implementing
WSUD projects (Faivre et al., 2017).

4.1.3. Jurisdiction and approval process

In spite of rapid urban development for more than a hundred years,
stormwater management has been considered relatively recently,
compared to other types of urban water resources (Zuniga-Teran et al.,
2019). According to most interviewees, the effectiveness of the current
system of stormwater management and regulations should be monitored
to ensure they are effective.

When interviewees were asked to provide their point of view on
stormwater management regulation in cities, the majority indicated that
the awareness of the importance of this resource and the need to regu-
late it is increasing. Some interviewees emphasized the benefits of
regulating stormwater: “... because of climate change, in cities with less
water scarcity problem, the concern of managing water is growing as they
may experience extreme weather condition and we can see some approaches
to prioritize stormwater as one of the main urban water resources” (BS1).
This contrasts with conventional practice:

“... Most of the focus of managing stormwater has been to dispose it in the
fastest way from cities and this has been a big challenge in Australia to
convince the states to set stormwater as one of the main resources in water
management projects” (AE1).

The complexity/variety of stakeholders is one of the big challenges in
managing WSUD projects. In Australia, the complexity of water man-
agement relates to the relationship between planning departments and
water agencies (Furlong, de Silva, & Guthrie, 2016): “... there are
different sides of government. The water side and the planning side are quite
separate and it’s hard to have them talk to each other consistently in a sort of
meaningful way where everything kind of comes together” (PS2).

The views of the interviewees about the regulatory system and
approval process confirms the important role of local agencies in these
projects. This can have an impact on allocating budget and resources to
implement the regulations, and as a result, affects the efficiency of the
regulations in practice. As one interviewee stated, this challenge has an
impact on distinguishing issues at the source: “... as the result of lack of
budget, when it comes to water quality at source, there is not enough staff and
resource to determine the problem” (PM3).

Another aspect of implementing WSUD projects relates to the impact
of developers’ perspectives (Cook et al., 2019). This highlights the
important benefit of case studies and examples for communities and
developers so they can observe the changes and be aware of the ame-
nities WSUD projects can bring to their neighbourhoods which could
result in an increase in property values: “Providing financial capacity,
introducing projects and the outcomes of the cases to the stakeholders, and
creating engagement programs can convince the developers and property
owners to allocate a part of their land to these types of projects” (PP4). Cooks
River Naturalization project is one of the best known WSUD projects in
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Australia and is used as a reference when implementing WSUD in the
local council area (Canterbury-Bankstown) according to the lead orga-
nization (Sydney Water). The channelization of Sydney waterways with
concrete began in the late 19th century with the aim of flood control
supporting urban development (Cunningham, 2017). The concrete lin-
ing of waterways had seriously impacted the ecological health of Syd-
ney’s waterways. The WSUD concept for the Cooks River was an
opportunity to reintroduce 1.1 km of natural waterway with native
plants and amenities such as seating areas, pathways, picnic areas and
outdoor classrooms (Cunningham, 2017).

In line with interviewees’ perspectives and the literature, we suggest
that cities develop policies to consider stormwater as a major resource in
water management and which provides a holistic approach across scales
of water governance (Kuller et al., 2018).

4.1.4. Socio-cultural context

One of the main challenges in implementing WSUD projects is that it
is not clear to what extent communities accept the physical and visible
changes: “... if we are not able to showcase the projects and their benefits to
the communities, it is difficult to have their support” (BD2).

The capacity building by public participation was mentioned by most
of the interviewees as the main factor in the success of WSUD projects
and also the main challenge to manage, especially when the community
believe they are presented with a fait accompli. One of the aspects of
public participation relates to awareness of climate change and pre-
senting the public with information that shows the effectiveness of
WSUD projects in mitigating climate change can be very effective:

“«

.. in our project, we did a survey to estimate the support of the com-
munity. The survey showed that as they were not aware of the effects of
climate change on water resources, they could not understand the benefits
of the project” (PS1).

In recent years, in all WSUD projects there is a section about com-
munity engagement: “Itis essential to raise the public knowledge and to gain
their approval in projects. Nowadays, in Australia, there is a partnership
between local governments and communities” (PP2).

According to the interviews, paying attention to socio-cultural mat-
ters plays a critical role in the success of WSUD projects, necessitating
consideration of community engagement and cultural aspects in all
stages.

4.1.5. Monitoring and maintenance

It was notable that for all interviewees, monitoring and maintenance
is the key factor leading to high performance in WSUD projects. The
majority believed that there should be ongoing reporting about the
performance of the projects: “... the monitoring is very critical, and it can
be ongoing monthly or annual depends on the project” (PM4). However,
interviewees mentioned it is problematic to have a constant report: ...
reporting can be an issue because of the resources allocated to a project, and
the cost of monitoring” (AS1). On the other hand, the other problem is
about resources and budget: “... monitoring mainly needs analysts and
experts familiar with the technology and tools and we cannot find them in all
projects because of the cost or lack of these experts” (BM3).

The first maintenance challenge is lack of knowledge. Some in-
terviewees suggested a technical guideline for project maintenance
based on project type, scale, and climate zone. The other main challenge
of maintaining WSUD projects relates to project size and the number of
experts involved (Furlong et al., 2019). Compared to large infrastructure
projects, WSUD projects are not convincing for engineers in terms of
financial benefits:

“... there’s a certain lack of acceptance of green infrastructure from our
water management agencies, just because they tend to be super engineers and
they also tend to be used to doing enormous projects and it’s a bit challenging
having them do smaller projects because the level of administration is the
same as for say a billion-dollar sewage treatment plant. And so that is a
problem because it’s not worth it for anybody” (PD1). The example of the
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London Thames Tideway Tunnel serves as a strong demonstration of this
concept, with arguments against implementing a large-scale infra-
structure solution instead of supporting the implementation of decen-
tralized local Sustainable Urban Drainage Systems (SUDS) schemes
(Loftus & March, 2019).

Others stated that one of the key factors in maintenance of WSUD
projects is clarifying the roles and responsibilities of each party
including the public sector or local government, the private sector and
the local communities. However, there is a conflict among different
levels of governance in maintenance activities: “... local governments are
responsible for WSUD maintenance while controlling water quality at the
source relates to the government, and it is problematic to put all under the
same umbrella in terms of maintenance” (BM5). Thus, considering main-
tenance at the planning stage by clarifying the roles of each party is
essential.

4.1.6. Financial feasibility and funding

Grey infrastructure has been constructed for many years and main-
tenance is costly (Brears, 2018). This can be a convincing reason to
implement WSUD projects and nature-based solutions that are less
expensive. However, there are challenges of how to convince the com-
munity, indicate who is responsible for financing, and how to quantify
the costs and the benefits.

Although the need to improve green areas is becoming more press-
ing, these systems must be resilient and adaptable to climate change,
and there are still costs to design and maintain WSUD systems. In
addition, while there are some tools available to evaluate the benefits
and costs of such systems, estimating the costs and developing more
tools remains a challenge (Xu et al., 2019), and the balance between
costs and benefits remains unclear: “we know about the benefits of WSUD
projects, but when it comes to the costs, clients are not sure if it is worth or not.
It is difficult to convince them while it is not clear how much we can rely on
calculations and how to compare them with the other benefits” (PE3).

A financial plan that compares the long-term benefits of these pro-
jects with the costs of implementation and maintenance was suggested
by the interviewees. As indicated by one interviewee, the ecosystem
services provided by WSUD projects are extensive. However, quanti-
fying them poses a challenge, whether due to a lack of evaluations or
inefficiency in knowledge sharing regarding evaluation approaches to
raise awareness about the existence of such tools: “it is important to
include the benefits of WSUD projects while analysing the costs because the
costs of implementing these projects can hinder the benefits, however there is
still no specific party or market to quantify the benefits in the economic
evaluation” (PP5). Thus, an analysis of ecosystem benefits, installation
and monitoring and maintenance costs is required though it means more
investment is also needed to conduct these activities.

In spite of the benefits of WSUD projects and the lower cost
compared to grey infrastructure, there are complications in funding and
indicating who is responsible for project finance (Fogarty et al., 2021).
Like the other challenges, putting all of the parties on one page is
problematic. Most interviewees pointed out that considering different
financial supporters in WSUD projects can lead to a better result. Most
interviewees also mention that the financial aspects of maintenance and
capacity building, that is enhancing the knowledge and understanding
of all stakeholders are among the main challenges: “Capacity building in
WSUD projects can play a critical role in the sustainability of these projects
and the source of costs for capacity building must be clarified. This area is
always challenging and needs collaboration between all stakeholders”
(PM6). Some interviewees stated that offering incentives can be helpful
to implement and maintain WSUD projects. However, it is also chal-
lenging to indicate who is responsible for financial incentives and
subsides.

Communities must be aware of the costs of the implementing a
WSUD feature especially on private properties. However, the in-
terviewees mentioned that it is difficult to ask people to pay for imple-
menting intangible green infrastructures: “... there’s sort of more complex
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things like getting networking infrastructure. So, there’s certain things that
people can do simply and there’s other things which are difficult to believe
before it is built. And, in this case, it is difficult to ask the community to pay
forit” (PM5).

5. The way forward: transitioning to water sensitive cities

According to Mguni et al. (2022), WSUD has been extensively inte-
grated into stormwater management and water supply systems in
various cities, including Australia, Sweden, and the UK. However, the
progress of its application in large-scale retrofitting has been relatively
slow (Brown et al., 2013; Mukhtarov et al., 2019; Radcliffe, 2019; Trapp
et al., 2017). Despite the potential for achieving a significant change in
water quality and WSC through the implementation of WSUD in existing
urban areas, the majority of studies, guidelines, and fact sheets focus
primarily on the importance of integrating WSUD in new development
contexts. This emphasis on new developments indicates that there are
several challenges in implementing WSUD in cities, specifically in urban
contexts. Therefore, this study aims to investigate these challenges to
achieve the highest level of success in transitioning to WSC in both
existing and new settlements through managing resources, regulations,
policy, and stakeholders. The interviewed experts identified six main
challenges involved in mainstreaming WSUD projects and stormwater
management (Fig. 4, Table 3).

The role of policy and regulations was the first main factor that af-
fects the performance of WSUD projects. It includes changes in regula-
tions about the approval process, financial support, and applying new
standards to manage these projects (Furlong, de Silva, & Guthrie, 2016).
The literature mainly covered the optimization of policies. However,
there is a need to revise policies and consider innovative standards and
regulations in water management (Sharma et al., 2012). Policies should
also enable governments to balance financial mechanisms with WSUD
benefits (Chan et al., 2018; Whiteoak, 2019).

The other main factor that has an enormous influence on the
outcome of WSUD projects is developing a collaborative approach
through clear communication (Furlong, Gan, & de Silva, 2016). There
should be research to provide a link between all aspects of collaborative
design between experts, researchers and also practice firms. The in-
terviewees echoed the importance of communication and collaborative
design in monitoring and maintenance. It is important to clarify roles
and responsibilities of each sector and expert, and to recognize their
differing aims and purposes, and also conduct engagement with com-
munities to gain their consistent support that leads to implementation of
these projects. In addition, the interviewed water management experts
emphasized documenting WSUD projects and sharing knowledge to
enable them to communicate the results within institutions. It is also
beneficial to popularize new technology through sharing to raise com-
munity awareness and consequently target community support in
implementing WSUD.

Although each of these above challenges has a direct impact on the
performance of WSUD projects, it is necessary to identify in-
terconnections between them as well. Institutional arrangements and
standards should be reviewed in accordance with local and state regu-
lations. However, it is important to consider the cultural and social
context of WSUD projects to manage financial aspects. Each geograph-
ical area has its own challenges, and it is important to analyse the
context, determine the origin of the challenges, and evaluate the site-
specific benefits. In this regard, providing an evaluative model that
analyses the environmental, social, economic, and political benefits of
WSUD projects against financial assessment can be helpful to make a
balance between the costs and cities’ liveability, resilience, and sus-
tainability (Whiteoak, 2019). By comparing the state of stormwater
management in Australia with other countries through the interviews
and literature, the similarities and differences can be identified as
illustrated in Table 3. These challenges are presented based on their
priority in the relevant context. If a challenge is not indicated for a
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Table 3
The state of stormwater management challenges in Australia and other parts of
the world.

The details of
challenges

AU US EU Asia
(CHN,
SEA,

ME)

Challenges and AF
enablers of
mainstreaming

WSCs

Institutional
arrangements

Lack of cooperation X X

between government

sectors at urban scales

Lack of clarity in roles  x X

and responsibilities,

especially after

completion of projects

Lack of X X

communication and

collaboration

strategies between

disciplines

Lack of interest in X

change among

developers

Lack of innovation X

and integration of

professionals because

of the top-down

governance structure

Impact of politics on X

climate change

actions

Complexity of X X X

jurisdiction and

bureaucracy/

governance structure

Power of private X

ownership

Lack a systematic X X

approach at the city

scale

Lack of system X X
thinking to find the

reason of problems

Lack of regulations for X X
stormwater

management

Conflicts over X X X X X
priorities identified to

address the challenges

Old culture of X

managing stormwater

in local governments

that prevents action

for change

Lack of familiarity of x x

municipalities with

the new techniques

Lack of contextualized — x X X
standards

Lack of monitoring X

and measurement and

evaluation plans and

tools

Old infrastructure and X X X

low capacity of

existing infrastructure

to adapt to change

Lack of cost — benefit X X X X X
evaluation tools/

models

Lack of awareness X

about climate change

actions

Social equity issues X X X
Lack of community x X X
engagement

Jurisdiction,
regulations and
approval
process

Evaluation tools,
technical
standards, and
innovation

Socio-cultural
context
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Table 3 (continued)

Challenges and The details of AU US EU Asia AF
enablers of challenges (CHN,
mainstreaming SEA,
WSCs ME)
Inhabit areas at higher X
risk of climate adverse
impact
Monitoring and Lack of knowledge X X X
maintenance about maintenance
Cutting maintenance X X X X
costs
Financial Lack of funding plans X X
feasibility and for all scales of WSUD
funding projects
Lack of human X X X X X
resources
Lack of evidence on X X X
the financial viability
of projects in the long-
term
Lack of incentive X X
programs
Pressure from X

developers about costs
and implementation
of WSUD

The crosses indicate the countries to which the detailed challenges apply and
require prioritization.
CHN: China, SEA: Southeast Asia, ME: Middle East.

particular context, it does not imply the absence of challenges but rather
indicates that there are other priorities to be considered first.

In addition, given the unpredictability of climate change, ongoing
investigation should seek in-depth details of specific stormwater man-
agement projects. A review of projects in different contexts, and exposed
to unpredictable changes of climate, would offer valuable opportunities
for scenarios development and identification of emerging challenges.

The interviewees stated that the majority of challenges in planning,
design, and implementation of WSUD projects can be resolved through
amendments in the policy framework. They emphasized the necessity of
providing a collaborative framework across all agencies, experts, and
stakeholders (Fig. 5) as supported by Malekpour et al. (2021). This
framework should provide clear guidelines for all stages of WSUD,
outlining the roles and responsibilities of all stakeholders, ensuring that
each party, including communities, government bodies, professionals
from various disciplines, and developers, understands their specific
contributions and obligations throughout the entire WSUD process. It
should also include the development of an integrated financial mecha-
nism, budget allocation, and comprehensive consideration of all benefits
in the evaluation criteria for all stakeholders. It would ensure that
adequate funding is allocated to various aspects of the projects, from
planning and design to implementation and maintenance.

In this paper, the interviews with experts from different disciplines
demonstrate that required measures to transform to a WSC and to pro-
vide amenity, water security, social health and well-being and economic
benefits is through managing and addressing the six nominated dynamic
challenges of the projects. The experts emphasized the need to clarify
roles and responsibilities and facilitate communication between stake-
holders, practitioners, researchers and governments through regulations
and collaboration while the way that this collaboration should be ach-
ieved is not fully covered in the literature.

6. Limitations and implications for further research

The focus of this research is Australia as one of the pioneers of WSUD.
However, it lacks reflections from government professionals, academics,
and practitioners in other countries to compare or contrast their expe-
riences to see if they are consistent with what is experienced in
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Fig. 5. Collaborative framework indicating the relationship between stakeholders, roles and responsibilities and WSUD stages.

Australia. We suggest the structure of this research can be applied in
different countries to investigate drivers and challenges of implementing
stormwater management projects and to compare the governance
structures, policies, and the socio-cultural context. This also facilitates
knowledge sharing and would allow comparative case studies to be
created with the existing one such as SWITCH project. While the
SWITCH projects are comprehensive cases that emphasize conducting
research through demand, showcasing initiatives, enabling collabora-
tive learning among multiple stakeholders, and providing training and
capacity-building opportunities, there is still a demand for analysing
more case studies and sharing their outcomes. The lessons can provide
guidance to researchers, practitioners, and stakeholders and provide a
platform to share the experience of other countries.

Australia, being a prominent pioneer in stormwater management, is
currently experiencing the impacts of climate change. There are
governance challenges in achieving WSCs across the country. While this
paper primarily concentrates on Australia, it is important to note the
similarities and differences between countries, as explained in
comparing Australia with other contexts (Table 3). Therefore, it is rec-
ommended for future research to explore how the lessons learned can be
effectively translated into specific contexts. More research is needed to
understand the socio-cultural aspects of water governance in both
developed and developing countries, identify optimum water gover-
nance structures and to compare policies at local, city, and regional
scales.

In addition, communities play an important role in the approval,
progress, and performance of WSUD projects. However, different
criteria apply in different social and cultural contexts. There is, there-
fore, an opportunity for further research on the integration of commu-
nities, across different socio-cultural contexts, with stormwater
management projects.

7. Conclusion

We have investigated the perception of water management pro-
fessionals about the challenges in planning and design, implementation,
management and maintenance of WSUD projects. We interviewed re-
searchers, engineers, landscape architects and designers, urban planners
and government officials in different Australian cities to understand how
they perceive barriers and drivers of WSUD projects. We examined ef-
forts that have been made to address WSUD challenges and to inform the
next water management steps. The key contribution of this research is a
novel WSUD evaluation assessment methodology based on the view-
point of a broad range of built environment disciplines. The data anal-
ysis facilitates evaluation of WSUD through comparative insight of
challenges and enablers beyond simple overlaying of results.

The results indicate that there are challenges in six main areas of
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research and practice of WSUD including institutional arrangements and
standards, technical challenges and innovative approaches, the approval
process, socio-cultural context, monitoring and maintenance, and
finance. Based on the perspectives of water professionals, nature based
WSUD projects are critical for managing stormwater in Australian cities
that are facing extreme climate change events. The results are not just
limited to Australia as there are many challenges in stormwater man-
agement that are common to other parts of the world. The results
demonstrate that there should be clearer regulations and standards for
managing stormwater. All the respondents to the survey believe that
stormwater has not been prioritized in Australia although it can play a
critical role in urban areas. The results also revealed that there is limited
integration and collaboration between disciplines which would other-
wise raise awareness and enhance climate-change adaptation knowl-
edge and capacity. However, there are differences between countries in
governance structures, stakeholders and community engagement pol-
icies, priorities, socio-cultural contexts and the broad subject of social
equity. Thus, climate change adaptation, in combination with innova-
tive technologies, should be considered as a context-specific.

All the respondents believed that WSUD projects involve complex
organization, departments, and governance structure, and it is impor-
tant to consider a regulation and approval process to engage with them.
Lack of a robust structure of regulations and standards can also result in
financial conflicts in some of these projects, for example a consensus
indicating who is responsible to pay for the project. In all WSUD pro-
jects, the main challenge is to maintain the projects after completion.

This paper contributes towards mainstreaming WSUD projects
through indicating barriers exploring potentials and providing recom-
mendations to enhance their functions in Australia and internationally.
In a global context, Australian water management is a case study
example for other countries, demonstrating how to provide green areas
through WSUD projects to develop resilient and liveable urban areas. If
WSUD is designed and implemented considering all six challenges in
advance, such projects seem to work for cities with different
geographical and social backgrounds.

Some of our findings align with previously researched barriers and
drivers of WSUD in the literature, while some challenges align only with
the Australian context and may not be applicable to other countries. The
main challenge in Australia is not about techniques of WSUD con-
struction, it is about regulations, standards, and local and state collab-
oration on these projects. However, in countries like China and in the
Middle East, the main challenge is the top-down governance structure of
these projects and in some cases, the techniques applied to implement
WSUD. The complex structure of urban water management in different
political, cultural and social contexts confirms the necessity of building a
contextual understanding of WSUD projects to investigate the chal-
lenges. This can influence the specific strategies and approaches
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required to improve the sustainability of these projects in the future.

This paper conducted interviews with professionals discussing
WSUD projects in both new and existing urban settings. However,
further research is required to assess the extent of WSUD integration
with urban areas and new developments and its impact on urban
resilience.
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