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Abstract

The utilization of Sustainable Urban Drainage Systems (SUDS) as Nature-based Solu-
tions (NBS) holds significant promise for enhancing resilience against climate change-
induced flooding and promoting community well-being in urban areas of Sub-Saharan
Africa. While existing research predominantly emphasizes technical aspects within the
NBS framework, understanding the socio-governance dynamics at the community level is
equally imperative, particularly given the decentralized nature of SUDS. This study aims
to complement the prevailing technical focus by examining the social dimensions of com-
munity governance related to SUDS implementation. Through a literature review, key
determinants of social structure influencing successful community governance in SUDS
management are identified, and categorized into actors, resources, discourses, and rules of
engagement. An innovative assessment framework comprising 65 indicators is proposed
to evaluate these determinants, offering a comprehensive tool for scholars and practition-
ers. By integrating social considerations into SUDS management practices, this research
seeks to inform policy formulation and strategies tailored to Sub-Saharan African cities,
facilitating equitable and participatory urban stormwater management initiatives crucial for
addressing climate change challenges.

Keywords Urban Stormwater Management - Green Infrastructure - Sub-Saharan Cities -
Adaptation - Policy Arrangement Approach - Literature review

1 Introduction

Urban areas globally, especially in Sub-Saharan Africa, grapple with significant challenges

in managing stormwater runoff effectively, amidst the challenges of rapid urbanization, popu-
lation growth, and inadequate drainage infrastructure. (WMO 2019; IPCC 2022a, b) These
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difficulties are compounded by the escalating impacts of climate change, which exacerbate
flooding risks and strain existing water management systems (UN-Habitat 2014).

In response, Sustainable Urban Drainage Systems (SUDS) have emerged as promis-
ing solutions, leveraging nature-based approaches to mitigate hydrological imbalances
(Charlesworth et al. 2017). SUDS, incorporating green infrastructure elements like rain
gardens and green roofs, mimic nature’s ability to manage stormwater runoff by capturing,
treating, and reusing it (Davis and Naumann 2017; Depietri and McPhearson 2017. Nota-
bly, SUDS are primarily managed at the local or community levels, necessitating commu-
nity-level governance for inclusive decision-making and tailored project implementation to
meet specific local needs (Evans 2011).

Community governance, emphasizing local management and decision-making, plays
a pivotal role in addressing community needs, enhancing capacity, and promoting well-
being within the context of SUDS implementation (Totikidis, Armstrong, & Francis,
2005). Through participatory processes, community governance identifies and imple-
ments activities, enhancing adaptive capacity and addressing vulnerabilities exacerbated
by climate change (Ayers and Forsyth 2009; Reid et al. 2009). However, the influence
of social structure determinants significantly shapes the collaborative and participa-
tory nature of community governance, such as in the case of SUDS (Dorst et al. 2022).
These determinants, encompassing social factors, guide interactions among community
members, governance procedures, and policy processes related to accountability and
effectiveness (Maiiez et al. 2014; Fazey et al. 2021). Understanding the impact of these
social determinants within the community governance framework of SUDS is essential
for guiding decision-making processes and enhancing community organization (Mguni
et al. 2016a).

Despite the significance of social structures, a notable knowledge gap exists concern-
ing their specific influence on the integration of community governance into urban storm-
water policy frameworks, especially regarding SUDS utilization in Sub-Saharan Africa.
To address this gap, our study aims to explore the intricate relationship between social
structures and effective community governance mechanisms of SUDS for urban storm-
water management in the Sub-Saharan context. Through literature review and the Policy
Arrangement Approach (Arts and Goverde 2006; Liefferink 2006), we aim to identify key
social structure determinants shaping successful community governance patterns within
nature-based urban stormwater management systems.

Specifically, our study intends to achieve the following objectives:

i) Review existing literature on social structure determinants influencing successful com-
munity governance, particularly in the context of urban stormwater management.

ii) Propose a novel framework for assessing social structure determinants in the integration
of community governance of SUDS into policy frameworks.

iii) Discuss the practical implications of assessing social structure determinants for inform-
ing policy design and implementation strategies in Sub-Saharan African cities.

This study’s significance lies in its ability to guide the development of custom-
ized stormwater management policies. Our newly developed framework for evaluating
social structure determinants in integrating community governance of SUDS under-
scores the importance of organized integration in strategy processes. It acknowledges
diverse forms of authority and the dynamic nature of change in implementation at the
community level, a novel approach not previously applied to SUDS. By empowering
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communities to shape their urban environments, our approach fosters resilience and
promotes sustainable development practices rooted in local contexts.

2 Methodology

We follow a three-step approach to achieve the aforementioned objectives, including a lit-
erature review, analysis, and conceptualization.

2.1 Literature review

In the first step, we conducted a thorough literature search in December 2022, using the
SCOPUS database. This search is integral to our research synthesis methodology, which
involves selecting, evaluating, and synthesizing relevant existing literature on the topic
(Xiao and Watson, 2019). Our goal was to gather diverse studies on governance in imple-
menting nature-based solutions for stormwater management, with a specific focus on Sub-
Saharan African cities. We chose the SCOPUS database for its broad coverage, multidisci-
plinary content, and advanced indexing capabilities, enhancing the likelihood of capturing
a relevant body of literature. To expand our investigation, we explored additional sources
like Web of Science, Cross-ref, Google Scholar, ResearchGate, and Academia.

Using a combination of OR/AND Boolean search criteria, we utilized selected keywords
aligned with the concept domains of our research questions. The keywords, “nature-based
solutions,” OR “green infrastructure,” aimed to explore various aspects of stormwater man-
agement through strategically planned natural spaces. We also included “sustainable urban
drainage” keywords to focus on sustainable approaches. Recognizing the importance of
community involvement, incorporating ’planning’ OR ‘management’ keywords was crucial
for gathering literature on the strategic planning and effective management of nature-based
solutions, covering policy frameworks, implementation strategies, and project manage-
ment approaches. Region-specific keywords ’Africa’ and *Sub-Saharan’ refined the focus
to the African context. This approach aimed to balance exhaustiveness and precision in our
search (Xiao and Watson 2019).

To establish inclusion and exclusion criteria, we defined a specific timeframe
(2011-2022) to capture noticeable shifts in literature and discourses regarding nature-
based solutions. This period also aligns with significant advancements in the field. In the
subsequent phase, we limited the search to English literature to ensure linguistic coherence.
Articles were selected by reading titles and abstracts, prioritizing those addressing sub-
Saharan African contexts. The authors had the freedom to incorporate articles with poten-
tial regional significance for sub-Saharan contexts. From the initially identified 87 articles,
47 were deemed relevant after excluding those primarily addressing water systems, storm-
water quality, pollution, sanitation, stormwater runoff modeling, and urban forestry.

2.2 Analysis

In the second step, the selected literature was carefully analyzed to identify concepts, argu-
ments, and findings that contribute to defining the critical determinants associated with
various dimensions of the policy arrangement approach, which are pertinent to the research
objective. This analysis encompasses discussions that potentially affect the community-
level governance of SUDS (Fig. 1).
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Fig.1 Three-step approach for developing an assessment framework of social structure determinants of
community governance of SUDS

The policy arrangement approach used as a foundation for the analysis links structural,
social, and political changes to everyday shifts in policy implementation. For instance,
community-based governance, as a policy arrangement, stabilizes the structure and con-
tent of a specific policy domain at a particular policymaking level or across multiple
levels (Leroy and Arts 2006). This approach comprises four interconnected dimensions,
with three focusing on organizational or structural aspects: actors and coalitions, formal
and informal rules, and resources and associated power. The fourth dimension pertains to
substance, encompassing discourses reflecting actors’ perspectives. Changes in one dimen-
sion correspondingly impact the others (Liefferink 2006). The interplay between the four
dimensions is depicted through a tetrahedron, as shown in the Fig. 2 below.

In this study, community governance of SUDS involves coordinating the organizational
and policy processes and the interactions between different social and political community

Fig.2 Model of the Policy Arrangement Approach (adapted from (Arts and Goverde 2006))
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actors towards a common public objective of enhancing the sustainability and equity of
urban stormwater management using SUDS. The actors involved in the community gov-
ernance of SUDS potentially include public and private stakeholders such as landowners,
community planners, urban planning professionals, and civil society organizations (Qiao
et al. 2019). Resources include community-level financial resources and facilities, knowl-
edge and skills resources, and land priorities. The rules of the game include the formal and
informal norms that define the actions of community actors during the implementation of
SUDS. At the same time, discourses refer to community-level attitudes and perspectives
toward SUDS (Qiao et al. 2018). Community change processes can be complex and nonlin-
ear as different actors engage in various ways, potentially leading to solutions and dispari-
ties due to varying perspectives on the challenges (Carmen et al. 2021).

2.3 Conceptualization of indicators

In the third step, indicators are formulated based on this analysis to assess the diverse
determinants identified in the literature. These indicators aid in identifying the most cru-
cial issues within each of the four dimensions and facilitate the measurement of the per-
formance of these dimensions within the community governance of SUDS for stormwater
management.

3 A framework for assessing social structure determinants in local
community level governance of SUDS

3.1 Dimensions and social structure determinants

The summary of social structure determinants that affect the community governance of
SUDS is categorized according to the four dimensions of the policy arrangement approach:
actors, resources, discourses, and rules of the game, as depicted in Table 1.

3.2 Actors

In sub-Saharan cities, the community governance of SUDS involves a range of actors and
stakeholders. Public stakeholders may include government officials and local authority rep-
resentatives responsible for urban planning and infrastructure development (Herslund and
Mguni 2019). Private stakeholders, on the other hand, may include landowners, property
developers, and consultants involved in urban planning and design. In addition, civil soci-
ety organizations, community planners, and urban planning professionals may also play a
role in the community governance of SUDS (Mguni et al. 2016a, b). The levels and rates
of collaboration in developing and implementing strategies for sustainable and effective
stormwater runoff management while considering the needs and viewpoints of local com-
munities are primarily influenced by the participation of these actors (Williams et al. 2018).

The range of actors involved in the community governance of SUDS has a significant
impact not only on the level and quality of local leadership but also on the allocation of
responsibility, which in turn affects the involvement of stakeholders in implementing SUDS
(Sutherland et al. 2016). Community perceptions of risk, which are shaped by the local
understanding of preparedness, are often influenced by factors such as actors’ knowledge
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Table1 Key social structure determinants that influence community governance organized by the four
dimensions of the Policy Arrangement Approach

DIMENSION SOCIAL STRUCTURE DETERMINANTS

ACTORS o Community leadership and allocation of responsibility
o Community innovation
o Technical skills and competencies
o Private stakeholder involvement
e Academia involvement
RESOURCES e Community priorities for funding from both public and private sources
o Community financial incentives
o Priorities for land use and development by both public and private entities
o Human resources
e Knowledge of SUDS
DISCOURSES e Management strategies and planning processes
o Environment regeneration and protection
o Knowledge of suds ecosystem services
o Community participation
e Communication and information dissemination
RULES OF THE GAME o Regulatory frameworks and legislative support
o Cultural norms, values, and local languages
o Quality and reliability of community politics
e Equitable treatment of all partners
e Gender Roles and Equality

levels, academic involvement, and the level of innovation in the community (Dodman and
Mitlin 2013; Williams et al. 2020; Safiudo-Fontaneda and Robina-Ramirez 2019). These
factors can facilitate the implementation of new and creative ideas, productive collabora-
tions, and effective governance, all of which are central to the implementation and manage-
ment of SUDS (Herslund and Mguni 2019).

Education campaigns can help to increase the adoption of SUDS among private stake-
holders by promoting awareness of the benefits of SUDS, such as improved stormwater
management, reduced flooding, and improved water quality (Bredhauer 2016; Armitage
et al. 2013). However, the time needed for implementing or managing SUDS can be a sig-
nificant factor in determining private stakeholders’ level of engagement, as it may require
substantial investments in time and resources (Olumuyiwa 2014). Therefore, it is essential
to consider the perspectives and priorities of private stakeholders and the potential barri-
ers they may face when developing and implementing SUDS strategies. Addressing these
barriers can help to ensure that private stakeholders are fully engaged in promoting sustain-
able stormwater management practices.

3.3 Resources

Access to sufficient community resources is essential for successfully implementing SUDS
in sub-Saharan cities. These resources encompass a range of financial, infrastructural, tech-
nical, and knowledge-based assets at the local level (Winter 2016). Financial resources
can be used to invest in the necessary infrastructure, such as permeable pavements, rain

@ Springer



Mitig Adapt Strateg Glob Change (2024) 29:42 Page70f19 42

gardens, and green roofs, which can help to reduce runoff and improve stormwater man-
agement (Cettner and Ashley 2014).

Technical knowledge and experience levels within the community can also be critical
in successfully implementing SUDS (Armitage 2011). Community training programs and
educational materials can help to increase awareness of SUDS, influence the availability of
labor to oversee implementation, and promote the adoption of sustainable practices. The
technical expertise of community members can also be leveraged to support the design,
installation, and maintenance of SUDS infrastructure (Bredhauer 2016; du Toit et al. 2018).
In addition to financial and technical resources, space availability for SUDS implementa-
tion is also essential. Community land priorities, such as designating spaces and areas for
green infrastructure, can play a critical role in promoting effective stormwater management
(du Toit et al. 2018). The availability of land for SUDS implementation is crucial in areas
where land is scarce or competition for land use is high (Mguni et al. 2016a, b).

Finally, market incentives can also play a role in motivating the uptake of SUDS. For
example, tax incentives or rebates may encourage homeowners or businesses to invest in
SUDS infrastructure, while financial incentives may motivate developers to incorporate
SUDS into their projects (Ndeketeya and Dundu 2019).

3.4 Discourses

The discourses surrounding the community governance of SUDS are crucial in determin-
ing the structure of local governance arrangements, decision-making processes, and power
distribution within the community (Herslund and Mguni 2019). These discourses, which
may include local neighborhood meetings, community forums, social groups, and other
communication channels, refer to the various forms of communication and exchange of
ideas, information, and opinions among community members regarding the governance of
their community (Williams et al. 2020). The discourses may also reflect the values and
beliefs of community members, as well as their social and political attitudes and per-
spectives toward environmental sustainability programs (Safiudo-Fontaneda and Robina-
Ramirez 2019).

In addition to shaping community norms and rules for behavior, practical community
governance discourses necessitate active engagement, respect for diverse perspectives, and
a willingness to engage in constructive dialogue. Engaging in such dialogues can nurture a
sense of community ownership and collective responsibility for the community’s welfare.
This involves empowering residents and stakeholders to actively and meaningfully partici-
pate in making decisions, managing, and implementing projects or initiatives that directly
influence their lives and well-being. Consequently, these inclusive practices contribute to
more effective and sustainable governance (Mulligan et al. 2020). Community-level dis-
courses can also influence management strategies and planning processes for the imple-
mentation of SUDS, community awareness of and reliance on the ecosystem services pro-
vided by SUDS, as well as the community’s inclinations towards post-flood environmental
regeneration and protection (Shackleton et al. 2015).

3.5 Rules of the game
Rules of the game, whether formal or informal, play a crucial role in shaping the behavior

of community actors during the implementation of SUDS. Formal rules may be established
through regulatory frameworks or legislative support, guiding issues such as zoning, land
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use, environmental protection, risk mapping, emergency planning, and water management
(Ndeketeya and Dundu 2019). These formal rules ensure compliance and accountability
among community actors (Qiao et al. 2019). However, informal rules, such as cultural
norms and local languages, are critical in shaping behavior and determining social rules.
For example, community members may have cultural practices that influence how they
interact with the environment or other community members.

Similarly, local languages may determine how information is communicated and dis-
seminated among community members, influencing the effectiveness of communication
strategies (du Toit et al. 2018). Gender roles and equality are also important considerations
when it comes to the implementation of SUDS. Women, for example, may have differ-
ent roles and responsibilities within the community that may affect their participation in
SUDS projects (Dodman and Mitlin 2013). Ensuring equitable treatment of all community
partners is also essential for building trust and transparency in local political actions and
promoting cooperation among stakeholders involved in the implementation or management
of SUDS (Dodman and Mitlin 2013).

3.6 Indicators for assessing social structure determinants

As depicted in Table 2, a set of indicators has been developed to render the social structure
determinants more concrete and practical for assessing the potential integration of com-
munity governance of SUDS into local urban stormwater management frameworks. These
indicators have been specifically designed to facilitate a comprehensive evaluation of com-
munity governance in the context of SUDS governance. They serve as a tool for measuring
the performance of the social structure determinants and the various dimensions of the
policy arrangement within community governance.

Through carefully assessing these elements, it becomes feasible to identify specific
dimensions within community governance that may exhibit deficiencies or vulnerabili-
ties. This identification, in turn, creates valuable opportunities for implementing targeted
interventions and strategic actions to address these specific dimensions. The objective is to
enhance the overall effectiveness of community governance and enable a seamless integra-
tion of SUDS into local urban stormwater management frameworks.

The assessment of these indicators can be conducted through interviews with relevant
stakeholders or stakeholder groups who have a stake or are affected by the SUDS govern-
ance processes, both at the individual and system levels. Each indicator’s performance can
be evaluated using a predefined scale, such as low, medium, or high, which can be cali-
brated, based on the community stakeholders’ capacities to engage with involvement and
participation in SUDS governance processes, such as design and management.

The overall performance of indicators at the system level can be evaluated using a
weighted average rating. This involves assigning specific weights to each indicator based
on its relative importance within the community governance framework. The performance
ratings of all indicators are then multiplied by their respective weights and added to cal-
culate the weighted average rating, providing a comprehensive measure of the system’s
effectiveness. This approach allows for a holistic assessment that considers the collective
impact of various indicators and their significance in managing the community governance
aspects being evaluated.

It is essential to acknowledge that there may not be a need to evaluate all indicators
within the framework in a given assessment. The evaluation process can be context-specific
and selective, with indicators chosen from different framework dimensions based on the
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specific requirements and objectives. This allows for a more focused and relevant assess-
ment, tailored to the unique circumstances, without the burden of assessing every indicator
in the framework. Figure 3 illustrates a method for evaluating community governance of
Sustainable Urban Drainage Systems (SUDS) within a specific study area.

4 Practical implications of applying assessments of social structure
determinants of community governance of SUDS

Assessing the determinants of social structure within the community-level governance of
SUDS is crucial for understanding the factors influencing their effectiveness as commu-
nity-led initiatives (N6blega Carriquiry et al. 2020). This discussion builds upon the devel-
oped framework, delving into practical implications tailored to the sub-Saharan context.

4.1 Local actor empowerment

In sub-Saharan contexts, renowned for successful community-led initiatives, evaluating
local actors and leadership in governing SUDS is a foundational step (Mguni et al. 2016a,
b). This assessment can contribute to the understanding of vital roles played by local lead-
ers in fostering community engagement. By comprehending the roles of local actors and
leaders thoroughly, the assessment can facilitate the identification of entry points for their
involvement, empowering them to be catalysts for transformative change, drive community
engagement, and ensure that SUDS projects resonate with the unique fabric of each local
community (Nemutamvuni et al. 2020). This not only enhances the efficiency of SUDS as
stormwater management projects but also reinforces the community’s commitment to the
initiatives in place, fostering a sense of ownership within the community and contributing
to the sustainability and success of SUDS projects.

Output 1: Output 2: Output 3:

A = . (Dimensions)
. Information Data Collection: (indicators) (Determinants)

Assessment Design Sources:

Selection of Key information Questionnaire Qualitati 1] er 2 er 3 r
Y Y P Y P y pel

context-  fromcommunity ledinterviews information on di D i i
appropriate stakeholders indicators from Aggregation of Aggregation of Aggregation of
e T community data and data and data and
fndi h stakeholders information information information
. dlfferent basedona basedona basedon
dimensions of predetermined predetermined predetermined
the framework scale through scale through scale through
based on inductive inductive inductive
assessment approach approach approach.

requirements/
objectives for
questionaire
design.

Fig.3 Methodology for Applying Framework for Assessing Community Governance of SUDS
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4.2 Addressing socio-economic considerations and financial constraints

Our assessment framework acknowledges the inherent link between the success of com-
munity-led initiatives in Sub-Saharan contexts and socio-economic factors, encompassing
elements like income disparities, poverty, and their interconnected association with vulner-
ability (Cilliers 2019). It recommends a strategic evaluation of governance determinants
dependent on resources, including community human resources, available land for imple-
menting SUDS projects, and funding, which significantly influence community engage-
ment. This assessment seeks to identify opportunities to optimize cost-effectiveness, and
task allocation based on community skills and capacities, identify incentives for active
community participation, and guide fund allocation decisions by weighing synergies and
trade-offs among SUD options or other stormwater management approaches. These con-
siderations are essential for bolstering the sustainability of community-governed SUDS
projects.

4.3 Assessing regulatory frameworks for transparency and accountability

The evaluation of local regulatory frameworks is essential for transparency and account-
ability in community-led initiatives, particularly within the sub-Saharan context, which
has a historical legacy of corruption and mismanagement of public funds (Williams et al.
2018). It serves to foster good governance practices and ensure responsible utilization of
resources. Within the community governance of SUDS, analyzing these frameworks pro-
vides possibilities to identify gaps, inefficiencies, or potential areas of improvement that
can contribute to a more robust and accountable governance structure (Wijesinghe and
Thorn 2021). Moreover, this evaluation can provide a mechanism for instilling public
trust and confidence in community-led SUDS initiatives. When regulatory frameworks are
transparent and well-monitored, community members are more likely to actively engage
and participate in these initiatives, knowing that their contributions and resources are man-
aged in a responsible and accountable manner. This, in turn, contributes to the overall suc-
cess and sustainability of community-led projects.

4.4 Examining discourse dynamics

In diverse sub-Saharan urban communities, exploring discourse-related determinants within
the framework establishes a basis for SUDS community governance rooted in transparent
and inclusive planning (Shackleton et al. 2015). This goes beyond technical aspects, delving
into community dynamics, where effective discourse acts as a catalyst for meaningful change.
Factors like community participation, information dissemination, management strategies, and
planning processes empower stakeholders to express perspectives and voice concerns. (Mul-
ligan et al. 2020). This process not only facilitates open communication but also supports the
building of trust between community members and decision-makers. Trust becomes pivotal
in fostering an environment where collaboration and cooperation are the norm, not the excep-
tion (Diep et al. 2022). This, in turn, nurtures a sense of ownership and responsibility among
community members, encouraging active participation in decision-making processes that
directly impact the implementation of SUDS in their living spaces.

@ Springer
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4.5 Innovation and collaboration assessment for effective governance

Broadening the assessment to evaluate community innovation, technical skills, private
stakeholder engagement, and academia involvement is a recognition of the nuanced and
location-specific traits within local adaptation arenas in sub-Saharan communities (Dod-
man and Mitlin 2013). This evaluation becomes a crucial tool in shaping SUDS solutions
that are tailored to the unique challenges of each community. By acknowledging the dis-
tinct context and characteristics, the assessment ensures that SUDS initiatives are not one-
size-fits-all but rather responsive to the intricacies of each local environment. Furthermore,
the assessment of private stakeholders and academia involvement unveils opportunities to
synergize local insights with external expertise. This strategic integration not only opens
avenues for private sector investments in stormwater management but also enriches the
decision-making processes with diverse perspectives. The collaboration between local and
external actors further enhances the robustness of SUDS initiatives, fostering innovation
and efficiency.

4.6 Cultural and environmental adjustment

The governance assessment framework places a significant focus on evaluating the influ-
ence of integrating cultural values into the design and governance of SUDS. Tailoring
assessments to diverse cultural and environmental contexts in sub-Saharan Africa under-
scores the need to cultivate local knowledge. This approach ensures that vulnerabil-
ity assessments not only identify key factors but also facilitate the seamless integration
of evaluation outcomes into actionable steps within planning processes. The framework,
therefore, underscores the dynamic relationship between cultural values, local knowledge
generation, and the effective implementation of SUDS initiatives.

5 Conclusion

This study presents a novel assessment framework rooted in the policy arrangement
approach to evaluate social determinants influencing community governance in SUDS
implementation. By exploring dimensions such as community actors, resources, dis-
courses, and rules of the game, this holistic approach provides insights into the intricate
dynamics of community governance systems. The development of 65 indicators offers
a comprehensive tool for researchers and practitioners to delve into the complexities of
SUDS management.

The contextual nuances within the sub-Saharan context underscore the importance of tai-
lored assessments that account for local adaptation arenas. Moreover, the emphasis on com-
munity knowledge and participation highlights the significance of inclusivity in SUDS pro-
jects. However, challenges persist in assessing ecological and economic factors, as well as
broader issues beyond community control, such as state support and resource distribution.

While this study primarily focuses on social structure determinants, addressing these
challenges will be crucial for advancing community governance of SUDS. Future research
should strive to develop strategies that effectively navigate these complexities, ensuring
equitable and sustainable management of nature-based urban stormwater systems.
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