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ARTICLE INFO ABSTRACT

Keywords: Co-creation is at the intersection of Nature-based Solutions and Living Lab concepts, which adopt collaboration
Participation and innovation amongst different stakeholders to address complex issues such as climate change. Nature-based
Stakeholder

Solutions have been increasingly recognized for their potential to address diverse societal challenges in a
multifunctional, action-oriented, and contextualized manner. Living Labs have proliferated as a participatory
approach for the co-development and co-testing of Nature-based Solutions, particularly in Europe. Nevertheless,
there is a persistent challenge regarding enhancing stakeholder engagement, which is recognized as crucial for
the implementation of Nature-based Solutions. In this article, we examined ten empirical cases of Living Labs
applying Nature-based Solutions to increase climate resilience in European coastal cities. We conducted an
Interpretive Structural Modelling and Cross-impact Matrix Multiplication Applied to Classification analysis
methodology to systematically analyse and interrelate co-creation enablers. We have identified fifteen enablers
to co-create Nature-based Solutions in Living Labs across five levels of influence among each other. A key finding
is that ‘sharing and learning from real-life examples’ and ‘opening opportunities for informal inputs’ have the
most driving power among the studied enablers. Having a robust engagement toolbox also appears to be a crucial
point in enhancing co-creation. Exploring the potential of such enablers seems vital to fostering the co-creation of
Nature-based Solutions within Living Labs. By understanding how enablers are interlinked and can be prioritized
based on their driving and dependence powers, environmental managers can better use their resources and
engage with their key stakeholders more successfully.
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knowledge and solutions beyond their traditional role of beneficiaries
(Mahmoud et al., 2021a; Willems et al., 2022), thus emphasising

1. Introduction

Co-creation is at the intersection of Nature-based Solutions (NbS)
and Living Lab (LL) concepts, which foster collaboration and innovation
to address complex societal challenges such as climate change (Arlati
et al., 2021; Lupp et al., 2021a, 2021b; Nunes et al., 2021; Wickenberg
et al., 2022; Bradley et al., 2022; Miti¢-Radulovi¢ and Lalovi¢, 2021;
Cousins, 2021). Co-creation entails an iterative decision-making and
implementation process leveraging diverse stakeholders (Willems et al.,
2020; Toxopeus et al., 2020; Cousins, 2021) through innovative shared
governance (Mahmoud et al., 2021a). Citizens and end-users co-produce

designing solutions with people rather than for them (Mahmoud et al.,
2021a). Co-creation fosters awareness, mutual learning, ownership,
trust, and reflexivity while accelerating transformations (Tschersich and
Kok, 2022; DeLosRios-White et al., 2020; Wickenberg et al., 2022;
Bradley et al., 2022; Lupp et al., 2021b).

NbS are defined by the European Commission (EC) as “solutions that
are inspired and supported by nature, which are cost-effective, simul-
taneously provide environmental, social and economic benefits and help
build resilience.” (Martin et al., 2021, p. 1). Most Paris Agreement
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signatories explicitly link NbS with climate goals, showing the global
ambition to mainstream NbS (Martin et al., 2021; Lupp et al., 2021b).

LLs have proliferated as a participatory approach for the co-
development and co-testing of NbS (Zingraff-Hamed et al., 2019) and
are known for their collaborative governance to effectively address
climate uncertainty and diverse barriers to NbS for climate adaptation
(Tiwari et al., 2022; DeLosRios-White et al., 2020). LLs are defined by
the European Network of Living Labs (ENoLL) as “user-centred, open
innovation ecosystems based on a systematic user co-creation approach,
integrating research and innovation processes in real-life communities
and settings” (DeLosRios-White et al., 2020, p. 2). Following the
Quadruple Helix Model, LLs involve public sector, industry, academia,
and citizens as equal contributors throughout all phases, considering
their diverse knowledge, skills, goals, and needs (DeLosRios-White et al.,
2020; Lupp et al., 2021a; Nunes et al., 2021; Rizzo et al., 2021; Wick-
enberg et al., 2022; Miti¢-Radulovi¢ and Lalovi¢, 2021; Koefoed, 2019;
Noble and Ensenado, 2022).

Even though co-creation is perceived as crucial in the policy and
research agendas related to successful NbS projects (Mahmoud et al.,
2021a; Nunes et al., 2021; Calliari et al., 2022; Voskamp et al., 2021;
Miti¢c-Radulovi¢ and Lalovi¢, 2021), enhancing stakeholder engagement
is a persistent challenge (Calliari et al., 2022; Lupp et al.,, 2021b;
Miti¢-Radulovi¢ and Lalovi¢, 2021). We are therefore interested in
investigating co-creation enablers, meaning the factors that make
co-creation possible, acting as drivers or opportunities. A research gap
exists in understanding how participatory processes are articulated,
linking science and policy across disciplines (Hiigel and Davies, 2020)
and providing decision-makers and practitioners with tools and guid-
ance (Martin et al., 2021; Voskamp et al., 2021; Bradley et al., 2022).
While existing research primarily focuses on NbS conceptualisation,
impacts, and co-benefits, how it can be achieved via stakeholder
participation has received little attention (Wickenberg et al., 2022;
Frantzeskaki, 2019b). In particular, lessons learned and guidelines from
multiple participatory cases are needed for an evidence-based frame-
work for successful NbS co-creation and citizen engagement (Nunes
et al.,, 2021; Frantzeskaki, 2019b). Lastly, there is no literature on
interrelating co-creation enablers and analysing configurational sets,
meaning particular arrangements or patterns among related factors
(co-creation enablers, in our case).

Our study aims to contribute to science, policy, and practice by
providing a multiple-case, evidence-based perspective on enhancing
stakeholder engagement and co-creation of NbS through LLs. We seek to
offer insights to environmental managers for strategic co-creation,
considering how enablers can be linked and prioritised, optimising
resource utilization. We analysed ten cases of LLs aiming at increasing
climate resilience through NbS as part of the European Union’s Horizon
2020 Research and Innovation project ‘SCORE — Smart Control of the
Climate Resilience in European Coastal Cities’ (SCORE, 2023). We have
conducted an Interpretive Structural Modelling (ISM) and MICMAC
(cross-impact matrix multiplication applied to classification) analysis
methodology to answer the following questions:

What configurational sets of enablers explain the enabling of co-creation
of Nature-based Solutions (NbS) within Living Labs (LLs), based on multiple
cases?

How are co-creation enablers interrelated, and what should be the focus
of environmental managers to boost stakeholder engagement and co-creation
of NbS?

The article follows this Introduction (Section 1) with a literature
review on co-creation enablers related to NbS and LLs (Section 2).
Section 3 outlines the research methodology and results, Section 4
elaborates and discusses the findings, and Section 5 brings our
concluding remarks.
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2. Co-creation enablers
2.1. Identification and prioritisation of co-creation enablers

Firstly, we conducted a literature review to establish an initial list of
co-creation enablers of NbS within LLs. We have used the search engines
Scopus and Web of Science to search for literature with terms related to
nature-based solutions, living lab, stakeholder, and co-creation, and
identified a preliminary list of enablers. This process is explained in
more detail in Appendix A. Based on the literature, this section explains
the most relevant co-creation enablers.

2.1.1. Sharing and learning from real-life examples

Sharing data and lessons learned from real-life cases can be helpful in
further improving NbS development based on evidence (Frantzeskaki
etal., 2019a; Kabisch et al., 2016), acknowledging good practices (Lupp
etal., 2021a; Schmalzbauer, 2018), learning from successes and failures
(Frantzeskaki, 2019b; Kabisch et al., 2016), and building on previous
dialogues and experiences (Wickenberg et al., 2022). There are several
recent online NbS platforms and catalogues which make available ex-
periences of many cities around the world co-creating NbS (Sarabi et al.,
2021; Miti¢-Radulovi¢ and Lalovi¢, 2021; Kabisch et al., 2016), for
example Oppla, Urban Nature Atlas, Nature-based Solutions Evidence,
Nature4Cities, and Urban Nature Explorer. Such evidence of tangible
benefits can inspire stakeholders and make them more aware of NbS’s
utility (Tiwari et al., 2022).

2.1.2. Project planning

Project planning is important for a successful project and stakeholder
engagement, including a roadmap to follow, clear targets, performance
indicators, milestones to be achieved, and identification of key stake-
holders (DelLosRios-White et al., 2020). Skills such as facilitation,
planning, organisation, monitoring and following up are required for a
co-creation approach (Mahmoud et al., 2021a; Nunes et al., 2021;
Wickenberg et al., 2022).

2.1.3. Integrating local, tacit, and expert knowledge

It is valuable to acknowledge, utilise, and leverage stakeholders’
local and tacit knowledge (Sarabi et al., 2021; Frantzeskaki, 2019b;
Kabisch et al., 2016). Integrating local knowledge involves trans-
parency, inclusion, and collaboration for a comprehensive co-creation
process (Mahmoud et al., 2021a). Changing the paradigm to consider
plural understandings of knowledge beyond scientific expertise is
crucial to “co-create solutions that are well adapted to local realities and
that are both scientifically and socially robust” (Tschersich and Kok,
2022, p. 363). Merging tacit and expert knowledge fosters collaborative
action based on a shared vision (Wickenberg et al., 2022) and uses the
existing knowledge base, such as successful NbS pioneer cases
(Schmalzbauer, 2018). “A large variety of tools have been developed
worldwide to support the mainstreaming and uptake of NBSs in cities,
ranging from methodologies, software, catalogues, repositories and
e-platforms to guidelines and handbooks” (Voskamp et al., 2021, p. 2),
which can empower stakeholders and integrate local knowledge.

2.1.4. (Continuous) financial and human resources

Co-creation processes require planned and continuous allocation of
financial and human resources so the co-created concept can be devel-
oped and implemented (Mahmoud et al., 2021a; Willems et al., 2020;
Bradley et al., 2022; Knickel et al., 2019; Bongarts Lebbe et al., 2021).
Actors must have the means (time and financial resources) to actively
engage in participatory processes (Tschersich and Kok, 2022; Mahmoud
et al., 2021b). Financial support can be one of the most critical project
enablers (Wickenberg et al., 2022). Similarly, organizing and steering a
participatory approach requires the dedication of time and human re-
sources (Arlati et al., 2021; Martin et al., 2021).
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2.1.5. Interdisciplinary and cross-sectoral approach

The multi-functional and interdisciplinary inherent characteristic of
NbDS requires a cross-sectoral approach (Arlati et al., 2021; Frantzeskaki,
2019b; Voskamp et al., 2021; Schmalzbauer, 2018; Lupp et al., 2021b;
Knickel et al., 2019; Pascual et al., 2022) and can be a motivator for
stakeholders to engage (Tiwari et al., 2022; Nunes et al., 2021). NbS can
potentially foster novel organisational structures for cross-sector and
cross-scale collaboration (Martin et al., 2021; Bradley et al., 2022). The
success of co-creation is influenced by overcoming silo boundaries,
stimulating communication and knowledge co-production among pol-
icy, practice, and society (Mahmoud et al., 2021a; Bongarts Lebbe et al.,
2021; Kabisch et al., 2016). Encouraging a paradigm move from work-
ing in silos to cross-sectoral allows tapping into existing high capacities
from different departments, increases political support (Wamsler et al.,
2020), and safeguards interdisciplinarity, knowledge integration, and
NbS learning across borders (Wickenberg et al., 2022; Frantzeskaki,
2019b).

2.1.6. Context-specificity

Suiting the local culture is crucial for the stakeholders (Sarabi et al.,
2021) and can enhance trust (Tiwari et al., 2022; Miti¢-Radulovi¢ and
Lalovi¢, 2021) in NbS projects, which should be tailored and contextu-
alized solutions (Lupp et al., 2021a). A co-creation approach should be
place-based and reflect on local needs (Mahmoud et al., 2021a; Del.os-
Rios-White et al., 2020; Wickenberg et al., 2022; Toxopeus et al., 2020).
Conducting a cultural mapping, meaning “articulating and making
visible the multilayered cultural assets, aspects, and meanings of a
place” (Nunes et al., 2021, p. 10), can leverage successful citizen
engagement, articulate visions, and build trust in co-creation (Koefoed,
2019; Miti¢c-Radulovi¢c and Lalovi¢c, 2021). From a technological
perspective, risk models can be designed to consider local issues and
context specificities, facilitating proposed solutions’ effectiveness and
stakeholder acceptance (Bongarts Lebbe et al., 2021).

2.1.7. Engagement tools

Stakeholder engagement can be increased through guidelines and
tools identifying NbS’s potential benefits and beneficiaries (Sarabi et al.,
2021). There are diverse engagement types and methods that can foster
collaboration, commitment (Mahmoud et al., 2021a; DeLosRios-White
et al., 2020; Bongarts Lebbe et al., 2021; Shahani et al., 2022), and
empowerment (Voskamp et al., 2021) of actors. Engagement tools can
have several formats, such as walks, games, virtual realities, dialogues,
debates, design contests, and more (Wamsler et al., 2020; Arlati et al.,
2021; Miti¢-Radulovi¢ and Lalovi¢, 2021). A robust toolbox of stake-
holder strategies is valuable in designing and managing participatory
processes (DeLosRios-White et al., 2020; Pascual et al., 2022; Koefoed,
2019).

2.1.8. Opportunity for informal inputs

Throughout the co-creation process, actors should have the oppor-
tunity to give input formally and informally (DeLosRios-White et al.,
2020). Having an overarching strategy with formal and informal
mechanisms for collaboration across all project stages benefits
co-creation (Arlati et al., 2021). A flexible or ad hoc approach may be
necessary to grasp different stakeholders’ views and experiences
(Wickenberg et al., 2022; Martin et al., 2021; Bradley et al., 2022). For
example, formal public hearings can be combined with informal com-
munity activities to reach targeted citizens and build trust and engage-
ment (Willems et al, 2020). Self-governance and bottom-up
arrangements warrant different formal and informal interactions,
contributing to the inclusion of diverse community capacities, knowl-
edge, needs, and views (Shahani et al., 2022).

2.1.9. Tools for knowledge exchange
Combining traditional and innovative tools facilitates discussions
and knowledge exchange among actors (Arlati et al., 2021; Nunes et al.,
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2021), enabling trust and constructive communication (Mitic-Radulovic¢
and Lalovi¢, 2021). Examples of knowledge exchange tools can be dig-
ital participation systems, graphical recordings of meetings, models or
prototypes, events, hands-on workshops, visual canvas, and more.
Learning opportunities can happen directly via the provision of mate-
rials (such as documents, newsletters, catalogues, and exhibitions) or
trainings and indirectly via site visits, discussing case studies, commu-
nity mapping, polls, workshops, and public debates (Lupp et al., 2021b;
Miti¢-Radulovi¢ and Lalovi¢, 2021; Mahmoud et al., 2021b). Utilizing
different tools reinforces collective learning, including the scientific
community and civil society (Bongarts Lebbe et al., 2021).

2.1.10. Open, effective, and consistent communication

Effective and transparent communication fosters ownership among
stakeholders and trust in the decision-makers (Tiwari et al., 2022). Open
and clear communication channels between all actors are essential for
successful project implementation (Mahmoud et al., 2021a) and to keep
the stakeholders motivated (Del.osRios-White et al., 2020). A common
understanding of the language around the goals and concepts is crucial
(Arlati et al., 2021; Knickel et al.,, 2019; Mahmoud et al., 2021a).
Different communication channels should be used to align with the ac-
tors’ relevance and technical capabilities (DeLosRios-White et al., 2020;
Nunes et al., 2021). The communication efforts should be continuous
and timely to retain stakeholders’ interest and willingness to participate
(Arlati et al., 2021; Wickenberg et al., 2022; Miti¢c-Radulovi¢ and
Lalovi¢, 2021).

2.1.11. Dissemination activities

Dissemination activities can boost the LLs’ success in raising atten-
tion, recognition, and awareness of good practices (Lupp et al., 2021a).
To address current knowledge gaps, several projects make efforts to
create, centralize, and facilitate access to targeted information by
various actors, including actions to classify NbS, provide guidance to
city planners, practitioners, or other interested stakeholders, develop
methods to assess impacts, create digital platforms, promote events, and
translate scientific outputs into policy briefs (Schmalzbauer, 2018).
These dissemination efforts raise awareness of best practices, successful
solutions, and lessons learned among experts, policymakers, industry,
and citizens (Schmalzbauer, 2018; Kabisch et al., 2016; Mahmoud et al.,
2021b).

2.1.12. Shared vision

Stakeholders must develop a shared understanding of both the con-
tent (such as what NbS and their benefits are) and the process (how they
should collaborate) so that the co-creation approach is valuable to them
and allows them to learn from each other (Sarabi et al., 2021). From the
early stage, stakeholders should reach a consensus on the key issue to be
addressed (DeLosRios-White et al., 2020). Similarly, defining the com-
mon objectives (Arlati et al., 2021) and a clear scope (Lupp et al., 2021a)
impact the subsequent steps in developing NbS. Having a common
vision is also helpful in overcoming potential resistance (Wickenberg
et al., 2022).

2.1.13. Leadership and coalitions of support

Visionary political and local leadership are important in realizing an
NbS project (Wickenberg et al., 2022). However, political leadership
should be coupled with interested and informed citizens, supported by
other stakeholders from NGOs, industry, and academia (Wijesinghe and
Thorn, 2021). Leadership may also occur through interest, pressure,
coalition advocacy groups, or even “vocal and charismatic individual
champions” (Martin et al., 2021, p. 15), acting as agents of change.
These can be, for instance, environmental or social organizations, NGOs,
or victims of climate-related hazards (Martin et al., 2021).

2.1.14. Open and inclusive process
The success of co-created solutions depends on the open process and
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continuously including all relevant stakeholders throughout the project,
encouraging them to engage in all steps (Mahmoud et al., 2021a).
“Participation requires curation and organization to ensure diversity,
inclusivity, and activation of urban actors” (Shahani et al., 2022, p.
1184). The openness of the process, together with clarity and trans-
parency, is core to building trust (Nunes et al., 2021), with all stake-
holders meeting on equal ground (Lupp et al., 2021a, 2021b). Citizens
get motivated to act when they perceive openness from the
decision-makers (Frantzeskaki, 2019b). Including the ‘unusual sus-
pects’, meaning not the same citizens over and over in all projects
(which can lead to participation fatigue), creates different fora to
co-create NbS and stimulates urban innovation (Frantzeskaki, 2019b).

2.1.15. Community ownership and empowerment

For a long-term commitment of stakeholders, place-based owner-
ship, a sense of belonging, and empowerment should be strengthened
through continuous activities in the co-creation process (Mahmoud
et al., 2021a). Providing (multiple) direct opportunities for involvement
in the project can create a sense of ownership of the solutions
(Miti¢c-Radulovi¢ and Lalovi¢, 2021), also reinforcing co-responsibility
to maintain these after implementation (DeLosRios-White et al., 2020;

Steps
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Arlati et al., 2021; Lupp et al., 2021a). For example, creating prototypes
and small experiments together with citizens may trigger interest, social
cohesion, a sense of place and community, and ownership (Wickenberg
et al., 2022; Willems et al., 2020; Frantzeskaki, 2019b; Miti¢-Radulovié¢
and Lalovi¢, 2021).

3. Methods and results
3.1. Interpretive Structural Modelling (ISM)

ISM is an interactive process that utilises experts’ knowledge and
experience to capture and systematically structure relationships among
specific elements in a comprehensive model, leading to a better under-
standing of the whole phenomenon and the role of each element (Sarabi
etal., 2020; Agi and Nishant, 2017). This method allows fragmented and
dispersed knowledge to be visualised in a comprehensive, interactive,
and actionable way by modelling variables and structuring their in-
terrelationships, therefore being relevant to multidisciplinary fields such
as sustainability (Ahmad and Qahmash, 2021). Despite these several
strengths of the ISM methodology, there are also some limitations,
which we discuss at the end of Section 4.

Reporting Output

1. Identification of the elements affecting
the system under consideration

Literature review (Appendix A)
Experts’ prioritisation (Section 3.1.1)

List of top fifteen co-
creation enablers

J

2. Establishment of the relationships
between each pair of variables from the
first step and construction of a Structural
Self-Interaction Matrix (SSIM)

Workshop with experts (Appendix B)
Questionnaire per LL (Appendix B)
Overall SSIM (Section 3.1.2)

Overall SSIM with the
relationship directions of
each pair of enablers

J

transitivity

Section 3.1.3)

enabler

J

4. Partitioning of the Reachability Matrix
into different levels and development of
the ISM model

Reachability, antecedent, and intersection
sets (Appendix B)
Partitioning of hierarchical levels
(Appendix B, Section 3.1.4)

Partitioning of five
hierarchical levels

J

5. Development of the ISM model

3. Development of the Reachability
Matrix from the SSIM and check for

ISM model (Section 3.1.4, Figure 2)
Removing transitivity links (Section 3.1.4)

ISM model illustrating the
interrelationship among
the enablers across the

hierarchical levels

l

6. MICMAC analysis on the driving and
dependence powers

Y N (O ) (o

MICMAC graphic based on the power and
dependence powers (Section 3.1.5, Figure

Initial Reachability Matrix (Appendix B) Final Reachability Matrix
Transitivity check (Appendix B) with the driving and
Final Reachability Matrix (Appendix B, dependence powers per

the enablers into four

categories

MICMAC graphic classifying
3)

Fig. 1. Steps involved in the Interpretive Structural Modelling (ISM).
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Since its proposal in 1973 by Warfield to analyse complex socio-
economic systems, ISM has gained popularity and has been applied in
many studies (Jabbour et al., 2018). For example, Sarabi has used it to
understand the relationship between barriers to NbS (Sarabi et al., 2020)
and the adoption of Urban LLs for NbS implementation (Sarabi et al.,
2021). Ahmad and Qahmash (2021) reviewed 77 articles and identified
the application of ISM in 21 domains, with the highest number of studies
in the sustainability field.

The ISM model is particularly relevant for this study because of its
characteristic of building a collective understanding of the relationships
around experts’ knowledge and experience, and we aim to identify
lessons learned from multiple participatory cases. Furthermore, ISM
works as a group learning process that matches well with the co-creation
topic of our research. We investigate ten LLs currently being established
and applying NbS to increase climate resilience within the SCORE
project. This selection of cases allows us to explore in depth how co-
creation occurs in relatively similar systems — European cities facing
similar coastal climate hazards and impacts and aiming at increasing
long-term climate resilience by designing, developing, monitoring, and
evaluating adaptation measures that integrate NbS and smart technol-
ogies. The LLs are located in Ireland (Sligo and Dublin), Slovenia (Piran),
Turkey (Samsun), Italy (Massa), Spain (Vilanova i la Gertru, Benidorm,
and Basque Country), and Portugal (Oeiras) (SCORE, 2023).

The ISM method is applied through sequential steps, illustrated in
Fig. 1. First, we identify the elements affecting the system under
consideration, meaning the co-creation enablers. We report on the
literature review (Appendix A) and the prioritisation done by our re-
spondents (experts and LL team members within the SCORE project,
Section 3.1.1), providing a list of the top fifteen co-creation enablers.
Second, we establish the relationships between each pair of variables
from the previous step and construct a Structural Self-Interaction Matrix
(SSIM). Here, we report on the workshop conducted with the re-
spondents, the questionnaire done per LL (Appendix B), and the overall
SSIM (Section 3.1.2). Third, we develop the Reachability Matrix from
the SSIM and check for transitivity (Appendix B), producing the Final
Reachability Matrix with the driving and dependence powers per
enabler (Section 3.1.3). Fourth, we partition the Reachability Matrix
into different levels, including establishing the reachability, antecedent,
and intersection sets (Appendix B). Fifth, we develop the ISM model,
illustrating the interrelationship among the enablers across the hierar-
chical levels (Section 3.1.4 and Fig. 2). Lastly, we conducted a MICMAC
analysis on the driving and dependence powers, producing a MICMAC
graph classifying the enablers into four categories (Section 3.1.5 and
Fig. 3). The subsections below present the results per step.

3.1.1. Identification of the elements (or variables) affecting the system
under consideration

To identify the co-creation enablers, we first conducted a literature
review (presented in Section 2 and further explained in Appendix A).
Secondly, we conducted an in-person workshop on 15 June 2023 to
discuss the 27 most cited enablers from the literature (available in Ap-
pendix A) with 50 technical experts and team members of the ten LLs
within the SCORE project. During the workshop, the participants vali-
dated and prioritized the most relevant enablers in their experience,
producing a final list of fifteen enablers (Table 1), which are used in the
following ISM steps.

3.1.2. Establishment of the relationships between each pair of variables
from the first step and construction of a Structural Self-Interaction Matrix
(SSIM)

To determine the pairwise relationship between co-creation en-
ablers, we first conducted a workshop on 15 June 2023 (mentioned in
step 1). During the workshop, we had thirty representatives from the ten
LL core teams. They worked in six mixed groups of 5 participants
(containing people from different LLs) to discuss the potential re-
lationships among pairs of co-creation enablers, filling in a draft matrix.
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Table 1
Enablers for co-creating Nature-based Solutions through Living Labs. Rank
made by our respondents during the workshop.

Rank Enabler

El Sharing and learning from real-life examples
E2 Project planning

E3 Integrating local, tacit, and expert knowledge
E4 (Continuous) financial and human resources
E5 Interdisciplinary and cross-sectoral approach
E6 Context-specificity

E7 Engagement tools

E8 Opportunity for informal inputs

E9 Tools for knowledge exchange

E10 Open, effective, and consistent communication
El1 Dissemination activities

El12 Shared vision

E13 Leadership and coalitions of support

E14 Open and inclusive process

E15 Community ownership and empowerment

Between June and July 2023, an open-ended questionnaire was sent via
e-mail to the core teams of the ten LLs, asking them to develop a pre-
liminary Structural Self-Interaction Matrix, now also indicating the di-
rection of each pairwise relationship among the co-creation enablers.
Out of the ten LLs, nine fully completed the questionnaire and were
considered for this step. Compiling the responses from all nine LLs
(further detailed in Appendix B) resulted in the overall Structural Self-
Interaction Matrix (SSIM). Table 2 shows the relationship between
each pair of enablers, using as symbols:

“O” if the enablers are not directly linked,

“V” if the enabler in the horizontal line (i) affects the enabler in the
vertical line in the table (j),

“A” if the enabler in the vertical line (j) affects the enabler in the hori-
zontal line in the table (i), or

“X” if both enablers affect each other.

The open-ended questionnaire was composed of two parts. In the
first part, as explained above, we asked the LL core teams to indicate
whether or not and in which direction each pair of co-creation enablers
are related in their experience. In the second part, we asked open-ended
questions to collect more qualitative insights. These included: a) which
are the top most useful enablers in their experience, with examples; b)
tips or tricks they would give to other LLs to boost co-creation and
stakeholder engagement; c¢) additional remarks. These qualitative in-
sights are included in Section 4. The results were discussed and validated
with the ten LLs on 16 February 2024.

3.1.3. Development of the Reachability Matrix from the SSIM and check for
transitivity

The details of this step are reported in Appendix B. Following the
standard ISM steps, we transformed the SSIM into an initial Reachability
Matrix by replacing the symbols with binary numbers 0 and 1. Next, we
checked for transitivity, an assumption that if A is related to B and B to C,
therefore A must be related to C, to generate the final Reachability
Matrix. The final Reachability Matrix (Table 3) reflects the driving and
dependency powers of each enabler. The driving power is the total of
enablers (including itself) that may be supported (influenced) by the
specific enabler. In contrast, the dependence power is the number of
enablers (including itself) that may support this certain enabler.

3.1.4. Partitioning of the Reachability Matrix into different levels and
development of the ISM model

Based on the final Reachability Matrix, we have established ante-
cedent and reachable sets of enablers for each of the fifteen co-creation
enablers and intersection sets, in which the enablers are common in both
sets. Partitioning of levels allows us to determine the importance level of
each enabler of co-creation. We obtained five levels in this step, detailed
in Appendix B and visualized in Fig. 2. The level of relative importance
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Table 2
Structural Self-Interaction Matrix (SSIM).
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Table 3

Final Reachability Matrix. DEP = dependence power. DRP = driving power. The number “1” indicates that the enabler in the horizontal line (i) affects the enabler in the
vertical line (j) in the table. The number “0” indicates otherwise - the enabler in the horizontal line (i) does not affect the enabler in the vertical line (j) in the table. The
number “1*” (with bold, italic, and starred characters) indicates a change in the table due to the transitivity assumption.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 DRP
1 1 1 1* 0 1 1* 1 1 1 1* 1 1 0 1* 1 13
2 0 1 0 0 1* 1* 0 0 0 1* 1 1* 0 0 1* 7
3 0 1* 1 0 1 1 1* 0 1 1* 1 1 0 1 1 11
4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
5 0 * 1* 0 1 1* 0 0 1 1* 1* 1 0 1* 1 10
6 0 1 0 1* 1 1 1* 1 1* 1 1 0 1 1 12
7 0 * 1* 0 1 1% 1 1 1 1 1 1 0 1 1* 12
8 0 1* 1 0 1 1* 1 1 1* 1* 1 1 0 1 1 12
9 0 0 0 0 1 1* 0 0 1 1 1 1* 0 1 1* 8
10 0 1* 1* 0 1* 1* 0 0 1 1 1 1 0 1 1 10
11 0 * 1* 0 1 1 1* 0 1* 1 1 1 0 1* 1 11
12 0 1 1* 0 1* 1 1* 0 1* 0 1* 1 0 1 1* 10
13 0 1* 0 1 0 1* 0 0 0 0 0 1 1 1* 0 6
14 0 * 1* 0 1 1* 0 0 1* 1* 1 1 0 1 1 10
15 0 1* 1 0 1* 1 1* 0 1* 0 1* 1* 0 1 1 10
DEP 1 13 11 2 13 14 8 4 12 11 13 14 1 13 13
(Continuous) Project planning Context- (" Sharedvision ) Dissemination Interdisciplinary Tools for Community
Levell financial and specificity activities and cross-sectoral knowledge ownership and
human resources approach exchange empowerment
E4 E2 E6 \ E12 Y, E11 E5 E9 E15
Levelll Leadership and Open and
coalitions of inclusive process
support
L E13 ) L E14
Levellll (" Integratinglocal, ) (~ Open, effective,
tacit, and expert and consistent
knowledge communication
\_ E3 Y E10 Y,
Level IV o = N ~
pportunity for Engagement tools
informalinputs =
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Level V Sharing and
learning from
real-life examples
E1
Fig. 2. ISM model: hierarchical structural model of interdependent enablers for co-creating Nature-based Solutions in Living Labs.
increases from the fifth to the first level. show that the most dominant enabler, on the fifth level, is E1 ‘Sharing
Based on the partitioning of levels, we drew the hierarchical struc- and learning from real-life examples’. At the first level, we have E2
tural model. For this step, we remove the transitivity links. The results ‘Project planning’, E4 ‘(Continuous) financial and human resources’, E5



L.Q. Aniche et al.

‘Interdisciplinary and cross-sectoral approach’, E6 ‘Context-specificity’,
E9 ‘Tools for knowledge exchange’, E11 ‘Dissemination activities’, E12
‘Shared vision’, E15 ‘Community ownership and empowerment’, which
are the most dependent enablers. The other enablers are situated in the
intermediary levels. The ISM model is shown in 2, illustrating the in-
terrelationships among the co-creation enablers, which are represented
by arrows. Each enabler at a higher level is directly influenced by at least
one enabler at the level immediately below and indirectly by many
others in the other levels below.

3.1.5. MICMAC analysis on the driving and dependence powers

We conducted a cross-impact matrix multiplication applied to clas-
sification (MICMAC) analysis (Duperrin and Godet, 1973), to assess
every enabler’s driving and dependence powers. The driving power re-
fers to the number of enablers a specific enabler may influence, while the
dependency power is the total of enablers that may influence this certain
enabler. The objective of applying a MICMAC analysis is to find leverage
points, identifying which enablers have most potential to affect the
system and therefore should be prioritized by environmental managers
aiming at boosting co-creation, with limited resources. The input for this
analysis is the Final Reachability Matrix, reported in Appendix B. The
result is a two-dimensional graphic (Fig. 3) classifying the enablers into
four categories:

e Quadrant IV - ‘independent’ or ‘driving’ factors: enablers in the
upper-left quadrant. These enablers have high driving and low
dependence powers, and influence most of the other enablers in the
system, meaning they are crucial to understanding how the system
(interrelationships among co-creation enablers) works. Enablers E1
and E8 are present in this category.

Quadrant III - ‘linkage’ factors: enablers in the upper-right quadrant.
These enablers have both high power and high dependence powers
simultaneously and are unstable. The more influential enablers’ ac-
tions rely on these ‘linkage’ enablers, meaning any action on them
can strengthen or weaken the extent of the effect of the other factors,
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creating a feedback mechanism in the system. Most enablers pertain
to this category: E3, E6, E7, E9, E10, E11, E12, E14, and E15.
Quadrant II - ‘dependent’ factors: enablers in the lower-right quad-
rant. These enablers have low power and high dependence powers.
Their effect is highly influenced by ‘independent’ and ‘linkage’ fac-
tors. Only enabler E2 is situated here.

Quadrant I - ‘autonomous’ factors: enablers in the lower-left quad-
rant. These enablers have both low driving and low dependence
powers. They are a bit disconnected from the system and do not
strongly improve or diminish the effect of the other enablers. Two
enablers are positioned in this category: E4 and E13.

4. Discussion

The analysis reveals two key enablers to co-create NbS within LLs,
located in Quadrant-IV (Fig. 3) and classified as ‘driving enablers’: E1
‘sharing and learning from real-life examples’ and E8 ‘opportunity for
informal inputs’. These enablers have a strong driving power in affecting
all other enablers. For example, the Sligo LL team highlighted the effect
that E1 has on E12 ‘shared vision’ and E13 ‘leadership and coalitions of
support’: “In our experience, the use of real-world examples, particularly
case studies, is a valuable co-creation enabler when it comes to the task of
developing a shared vision. This is because many members of our commu-
nities know they want to bring out changes, but feel they lack the technical
expertise to truly inform the decision. By showing examples of how other
areas have tackled the same problems, communities tend to find it easier to
visualize how similar measures could work in their own communities.
Furthermore, political and leadership buy-in for innovative projects can often
be more easily achieved when there are proven success stories”. The LL in
Sligo is exploring NbS such as afforestation, peatland and wetland
restoration, and dune management, to address hazards as coastal floods
and sea-level rise. The LL team from Gdansk is investigating water parks,
retention ponds, open green spaces, and planting trees to deal with
pluvial and coastal flooding. They also recommended focusing on E1 to
influence E8, E7 ‘engagement tools’, E11 ‘dissemination activities’ and
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Fig. 3. MICMAC analysis: driving and dependence power diagram.
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E3 ‘integrating local, tacit, and expert knowledge’, which have been
fruitful in their experience.

The LL in Piran is focusing on winter coastal flooding, storm surge,
and summer drought and heatwaves (Kumer et al., 2022). They are
considering planting trees, renovating water wells, and combining trees,
urban farming, and rain garden, as potential NbS. The team stressed that
El is crucial for E15 ‘community ownership and empowerment’: “local
community will participate in LL only if they see any tangible result”.

We also identified a relation among the two ‘driving enablers’, with
El at the fifth level in the ISM model (Fig. 2), indicating its major
importance in the system, influencing E8 at the fourth level. Sharing
data, experiences, and lessons learned allows stakeholders to provide
their inputs informally. Interestingly, both key enablers are very prac-
tical in kind. Focusing on these two enablers is crucial for a strategic
approach to co-creation, as any action on them may boost the effect of
all the other ones.

Many enablers were positioned in Quadrant III (Fig. 3) and were
classified as ‘linkage enablers’, meaning they are strongly inter-
connected and may have a feedback effect among each. Many of these
enablers (namely E5, E6, E9, E12, E11, and E15) were placed on the first
level of the ISM model (Fig. 2), but because these also have a high
driving power, they are classified as ‘linkage’. For example, E6 ‘context-
specificity’ affects the project planning process, the use of engagement
and knowledge exchange tools, open and effective communication, and
an inclusive process. It both affects and is affected by integrating local
and tacit knowledge, a shared vision, dissemination activities, and
community ownership and empowerment. For instance, the LL team in
Oarsoaldea stated “The specificity of the context directly affects having a
shared vision. Sharing a specific context and similar problems, limitations or
challenges makes it very likely that the vision of it, which different agents may
have, is similar and/or convergent.” Oarsoaldea is exploring open green
spaces, planting trees, and reforestation of riverbanks to address river
flooding and heat waves.

Among the ‘linkage enablers’, we highlight E7 ‘engagement tools’,
which has a high driving power and a lower dependency power than the
other enablers in this group, being positioned very close to Quadrant IV.
In the ISM model (Fig. 2), E7 is at the fourth level, showing its impor-
tance. The LL team from Oeiras, which is assessing planting indigenous
species, river network maintenance, and river regularization, among
other NbS to address a flooding hazard, emphasized the link between E7
and E11 ‘dissemination activities’. “By utilizing effective engagement tools,
such as interactive workshops and digital platforms, and combining them with
a robust dissemination strategy, CCLLs can reach a broader audience and
raise awareness about the co-creation initiatives. This combination enhances
stakeholder participation and knowledge sharing.”

E7 is closely connected to E8 (both at the 4th level in the ISM model),
with a reciprocal influence. On the one hand, opening room for infor-
mality encourages the inclusion of more diverse types of stakeholders
with different knowledge, views, and capacities, contributing to the
success of the application of engagement tools. On the other hand,
having a robust and diverse set of engagement tools contributes to the
design and management of the participatory process, giving opportu-
nities for informal inputs. In the Benidorm LL, the team is exploring
floodable parks, river network maintenance, and river regularization to
address flooding. They explained the effect of E8 in E7 in their experi-
ence: “Participation tools should not be a barrier for citizens to express
themselves freely. Informality should be encouraged at this stage of the pro-
cess since citizens do not have the technical knowledge or technological tools
to pass them on to policymakers”. They further stated the influence of E7
and E8 in E15 ‘Community ownership and empowerment’: “Participation
tools are closely connected to community empowerment, as this is a way to
express yourself freely about a problem that may affect you™.

Only one enabler was classified as a ‘dependent enabler’ in Quadrant
II (Fig. 3): E2 ‘project planning’. E2 was the second enabler in the rank
made by the experts, showing its importance to them. In the MICMAG, it
was located very close to Quadrant III, indicating a medium driving
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power. However, even though project planning is essential for the suc-
cess of a project and for engaging stakeholders, the study shows that it
strongly depends on other factors, which is visible through its position at
the first level in the ISM model (Fig. 2). This means that having the right
skills, such as facilitation, planning, organization, and monitoring, is not
enough to ensure co-creation. The development (and achievement) of a
roadmap, clear targets, and milestones depends on many enablers, such
as following an interdisciplinary approach and building a shared vision.
The LL from Vilanova i la Gertru is exploring a combination of multiple
NbS, including rehabilitating of riverbanks, riverbed restoration, and
increased riverbank height, to protect their coastal city against flooding.
The team mentioned that “it is very important to consider inter-
disciplinarity, dialogue, and tapping into existing capacities and
strengths in different sectors to develop an effective project plan
implementation”. The Benidorm LL team also highlighted that having a
clear problem definition and objectives and integrating local knowledge
have an essential effect on the project planning.

Lastly, two enablers were situated in Quadrant I (Fig. 3), as ‘auton-
omous enablers’: E13 ‘leadership and coalitions of support’ and E4
‘(continuous) financial and human resources. E4 has the lowest driving
and dependence powers among all enablers analysed in this study. This
category of enablers is relatively disconnected from the system. They
have less influence on the other enablers and are also difficult to be
affected by actions in the other ones. Both these enablers are political
and institutional in kind and are external to the LLs, so, understandably,
they are more difficult to influence. Still, the allocation of resources is
commonly known as crucial to any project, as illustrated by the Oeiras
LL team: “’allocation of (continuous) financial and human resources’ is one
of the most important enablers with great influence in project planned ac-
tivities and their accomplishment and all the activities that can be done in the
LL”. Thus, we would expect E4 to have a higher driving power and a
more direct link to other enablers.

4.1. Theoretical implications for environmental science

Our multiple empirical cases added new insights into how co-
creation of NbS within LLs occurs in practice, how such enablers are
interrelated, and which seem to be the most powerful (driving) enablers.
We highlight three main contributions from our study to the existing
body of literature.

First, we find compelling that E1 ‘Sharing and learning from real-life
examples’ is the enabler with the highest driving power. It was also the
top enabler in the experts’ prioritization. However, it was much lower in
the rank of citations in the reviewed literature, in fifteenth place.
Existing literature stresses the relevance of sharing data and lessons
learned from empirical cases to improve NbS development based on
evidence (e.g., Frantzeskaki et al., 2019a, 2019b; Kabisch et al., 2016;
Wickenberg et al., 2022), and presents a gap in identifying lessons
learned from multiple cases for successful NbS co-creation (Nunes et al.,
2021; Frantzeskaki, 2019b). However, it does not explore the driving
role of sharing and learning from the examples in further boosting other
(many) co-creation enablers. Several authors (Sarabi et al., 2021;
Miti¢c-Radulovi¢ and Lalovi¢, 2021; Kabisch et al., 2016) highlight the
existence of diverse NbS platforms and catalogues. Further research
could explore, for instance, how such platforms are (or could be) used to
foster stakeholder engagement.

Second, E8 ‘opportunity for informal inputs’ seems essential to
fostering NbS co-creation and influences the other enablers in the pro-
cess, even though it was quite low (25th place) in our reviewed litera-
ture. Some authors (Arlati et al., 2021; DeLosRios-White et al., 2020)
mention that an approach combining formal and informal mechanisms
for collaboration benefits co-creation and that a flexible approach may
be needed to grasp the diverse views of stakeholders (Wickenberg et al.,
2022; Martin et al., 2021; Bradley et al., 2022). How such flexible ap-
proaches take place in practice in NbS projects fostering informal inputs,
and how the opportunity for these inputs further stimulate other
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co-creation enablers, such as the ‘integration of local, tacit, and expert
knowledge’ (E3), an ‘interdisciplinary and cross-sectoral approach’
(E5), or ‘community ownership and empowerment’, would be inter-
esting to investigate.

And third, the allocation of financial and human resources is
commonly cited in the literature as an enabler for participatory pro-
cesses (Mahmoud et al., 2021a; Willems et al., 2020; Bradley et al.,
2022; Knickel et al., 2019; Bongarts Lebbe et al., 2021) and highly
ranked (4th) by the experts in our cases. We were, therefore, surprised
with its positioning as an autonomous enabler. Future research could be
conducted to further explore the direct and indirect roles of resource
allocation in co-creation enablers, for example through Structural
Equation Modelling (SEM) studies, utilizing a large data set from pre-
vious NbS and LL projects.

4.2. Implications for policy and environmental managers

The study shows that sharing good practices and lessons learned
from previous experiences can promote opportunities for informal in-
puts, and both these enablers can boost the whole co-creation approach.
For example, bottom-up arrangements with formal and informal in-
teractions contribute to a more inclusive process considering diverse
community knowledge, capacities, and perspectives (Shahani et al.,
2022). There are multiple online NbS platforms and catalogues in which
cases from all over the world are available (Sarabi et al., 2021;
Miti¢-Radulovi¢ and Lalovi¢, 2021; Kabisch et al., 2016). Similarly,
several engagement tools and toolkits (e.g., UNALAB Tools for
Co-creation and IHS Co-create Your City) can promote stakeholder
collaboration and commitment (Mahmoud et al., 2021a; DeLosRios--
White et al., 2020; Bongarts Lebbe et al., 2021; Shahani et al., 2022).
Project managers and policymakers can make further use of such plat-
forms and tools to inspire and engage stakeholders based on concrete
evidence. Prioritizing and focusing the (limited) resources from LLs on
the key enablers identified seem quite strategic in advancing the
co-creation of NbS.

Our results also indicate that even though the experts highly ranked
project planning as an essential focus for them, working on a good plan
alone is not enough to ensure co-creation. This suggests that environ-
mental managers should also pay close attention to other related en-
ablers, such as fostering an interdisciplinary approach and building a
shared vision.

4.3. Limitations

Despite several contributions from our research, there are some
limitations. The ISM method only covers a limited number of variables
to build an understandable model and does not give weight to variables
or relationships. Some enablers identified in the literature were not
included in the model based on our empirical ranking (see Appendix A),
due to the limitation on the number of variables, but would be worth
exploring in future research. For example, ‘fostering trust, account-
ability and legitimacy’, ‘co-producing knowledge’, ‘prototyping and
experimenting’, and ‘having favourable legal conditions’ are co-creation
enablers frequently mentioned in the literature but have not made it into
our top fifteen and entered the ISM analysis.

Also, the results might be biased by the knowledge and experience of
the experts who participated in the process. The fact that our cases and
experts are within the same project and within the framework of the
larger EU Horizon 2020 funding mechanism may impact how the ex-
perts prioritized and interrelated the enablers. Furthermore, our LLs are
still being established through the SCORE project. LLs established for a
longer period and already certified might have other experiences. The
ISM model resulted in this research might not apply to all LLs and NbS
cases. Replicating the study in other contexts could expand our findings
and improve their generalisability.

We suggest two avenues of future research to address the limitations
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of this study. First, in the quantitative direction, we suggest finding
direct and indirect pathways through Structural Equation Modelling
(SEM). For example, exploring the direct and indirect roles of financial
and human resources in the co-creation process. Second, a more quali-
tative study could be conducted to provide a more in-depth under-
standing how certain combinations of enablers work in practice in
specific contexts utilizing, for instance, a Qualitative Comparative
Analysis (QCA).

5. Conclusions

There is a growing ambition to mainstream NbS into global agendas
to achieve climate change mitigation and adaptation goals. NbS are
increasingly recognized for their potential to address diverse societal
challenges in a multifunctional, action-oriented, and contextualized
manner, with several EU projects being implemented in the past years
(Martin et al., 2021; Voskamp et al., 2021; Lupp et al., 2021). Despite the
increasing attention and application of NbS, challenges related to
stakeholder engagement persist (Calliari et al., 2022; Lupp et al., 2021b;
Miti¢-Radulovi¢ and Lalovi¢, 2021). In this article, we intended to
address the research gap in understanding which lessons can be learned
from multiple participatory cases and how co-creation processes can be
successfully articulated.

We identified five levels of influence among fifteen co-creation en-
ablers, which were then categorized into four groups. The configura-
tional set of enablers which mostly explains the enabling of co-creation
is a combination of ‘sharing and learning from real-life examples’ and
‘opening opportunities for informal inputs’. These two drivers can
potentially boost the entire co-creation process, affecting all the other
enablers. In addition, having a robust engagement toolbox also seems a
crucial point in enhancing co-creation. Based on our ten empirical cases
of LLs applying NbS to increase climate resilience in European coastal
cities, we recommend that environmental managers focus their efforts
on exploring these three enablers, as they seem vital to foster co-creating
NbS within LLs. These promising findings add to the current body of
literature, opening new pathways for research.

Our findings contribute to science, policy, and practice by bringing
evidence-based insights into strategically boosting co-creation. By un-
derstanding how enablers are interlinked and can be prioritized based
on their driving and dependence powers, environmental managers can
better use their resources and engage with their key stakeholders more
successfully.
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Appendix A. enablers for co-creating Nature-based Solutions within Living Labs from the literature

Table A presents the enablers for co-creating Nature-based Solutions within Living Labs identified in our literature review. We have used the search
engines Scopus and Web of Science, searching for literature containing “nature-based solutions” or “ecosystem-based adaptation”, “living lab”,
“urban” or “coastal”, and “stakeholder” or “participation” or “co-creation” or “co-design” or “co-production”. We found a total of 44 articles, which
were all scanned. Out of those, 31 were selected as to fit the aim of this paper. Lastly, five additional articles were included, based on relevant citations
within the reviewed papers. A preliminary list of 42 enablers was done based on this review. We have then used the 27 most cited enablers (Table A) in
the discussion with the experts for their prioritization of 15 enablers within the first step of the ISM methodology, described in the article.

Table A1l

Enablers for co-creating Nature-based Solutions within Living Labs from the literature.

Rank Rank secondary Enabler Literature sources
Primary data
data
1 15 Sharing and learning from real-life examples 1; 2; 4; 8; 12; 16; 18; 19; 20; 22; 24; 32
2 24 Project planning 1; 5; 6; 9; 12; 14; 21; 22; 35
3 20 Integrating local, tacit, and expert knowledge 1;5; 12; 16; 17; 19; 27; 28; 30; 32; 34
4 11 (Continuous) financial and human resources 5; 12; 13; 14; 15; 18; 19; 21; 23; 24; 27; 28; 30; 33; 35; 36
5 Interdisciplinary and cross-sectoral approach 3;4;5;6;7;9;11;12;15; 16; 17; 18; 19; 20; 21; 22; 27; 28; 30; 32; 34; 36
6 7 Context-specificity 1; 4; 5; 6; 8; 9; 12; 15; 19; 21; 22; 25; 27; 28; 30; 31; 32; 34
7 3 Engagement tools 1; 3;5;6;7; 8;9; 13; 16; 17; 18; 20; 21; 22; 26; 28; 30; 32; 34; 36
8 25 Opportunity for informal inputs 6; 7; 12; 14; 15; 18; 19; 29; 36
9 23 Tools for knowledge exchange 7; 9; 14; 20; 21; 22; 25; 28; 35
10 27 Open, effective, and consistent communication 4; 5;6;7;9;12; 19; 21; 22
11 14 Dissemination activities 7;8;9; 13; 14; 15; 18; 19; 21; 22; 32; 34; 35
12 18 Shared vision 1; 6; 7; 8; 12; 14; 15; 21; 22; 33; 36
13 21 Leadership and coalitions of support 12; 15; 16; 18; 21; 23; 29; 30; 33; 36
14 5 Open and inclusive process 1; 5; 8; 9; 12; 15; 16; 19; 20; 21; 25; 27; 28; 30; 31; 32; 33; 35; 36
15 4 Community ownership and empowerment 4; 5; 6; 7; 8;9;10; 12; 14; 15; 16; 18; 20; 22; 25; 29; 30; 32; 34; 36
16 9 Prototyping and experimenting 2; 3; 5; 6; 7; 12; 14; 15; 16; 19; 21; 29; 31; 32; 33; 35; 36
17 13 Adaptive approach and responsive feedback 5; 6; 8; 12; 13; 16; 17; 18; 20; 21; 28; 30; 32; 34
18 2 Trust, accountability, and legitimacy 2; 3; 4; 5; 6; 8; 9; 12; 14; 15; 16; 18; 20; 21; 22; 25; 28; 29; 30; 32; 33; 36
19 8 Community of interest and practice: policy-practice-society 1; 2; 5;9; 10; 12; 13; 14; 15; 18; 21; 22; 25; 28; 30; 32; 35
nexus
20 16 Stakeholder mapping, analysis, and orchestration 6; 8; 9; 10; 12; 14; 16; 18; 19; 21; 22; 36
21 26 Grassroot actors and pressure groups 14; 15; 18; 19; 22; 28; 31; 32; 36
22 17 Conflict management 1; 8;9; 10; 12; 15; 16; 18; 19; 21; 22; 28
23 6 Co-producing knowledge and collaborative research 1; 2; 5; 7; 8; 10; 12; 16; 19; 21; 22; 27; 28; 30; 31; 32; 34; 36
24 22 Knowledge institutions 2; 7; 16; 20; 24; 28; 32; 34; 35
25 19 Building new coalitions and networks 14; 15; 16; 18; 22; 27; 29; 30; 31; 32; 34
26 12 Intermediaries, mediators, and knowledge brokers 1;2; 3;7; 8; 9; 12; 14; 15; 16; 18; 19; 22; 28; 32
27 10 Favourable legal conditions 1; 3; 5;7; 9; 12; 14; 15; 16; 18; 19; 24; 28; 29; 31; 32; 33

Sources: [1] Sarabi et al. (2021); [2] Frantzeskaki et al. (2019a); [3] Wamsler et al. (2020); [4] Tiwari et al. (2022); [5] Mahmoud et al. (2021a);
[6] DeLosRios-White et al. (2020); [7] Arlati et al. (2021); [8] Lupp et al. (2021a); [9] Nunes et al. (2021); [10] Hiigel and Davies (2020); [11] Rizzo
et al. (2021); [12] Wickenberg et al. (2022); [13] Calliari et al. (2022); [14] Willems et al. (2020); [15] Martin et al. (2021); [16] Frantzeskaki et al.
(2019b); [17] Voskamp et al. (2021); [18] Bradley et al. (2022); [19] Schmalzbauer (2018); [20] Lupp et al. (2021b); [21] Knickel et al. (2019); [22]
Mitic-Radulovic and Lalovic (2021); [23] Zingraff-Hamed et al. (2019); [24] Yu et al. (2019); [25] Toxopeus et al. (2020); [26] Newton and
Frantzeskaki (2021); [27] Tschersich and Kok (2022); [28] Bongarts Lebbe et al. (2021); [29] Wijesinghe and Thorn (2021); [30] Pascual et al. (2022);
[31] Cousins (2021); [32] Kabisch et al. (2016); [33] Willems et al. (2022); [34] Koefoed (2019); [35] Mahmoud et al. (2021); [36] Shahani et al.

(2022).
Appendix B. Reachability Matrix and Partitioning of Levels

Reachability Matrix

As we started with one RM per LL, based on their nine individual questionnaire responses, we first had to compile them into the overall SSIM. For
that, we considered that a relationship between a certain pair of variables occurs if more than two thirds of the LLs have indicated to (coloured in grey
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in Table B1). Table B1 below summarizes the percentage of LLs that indicated an influence between each pair of enablers, which was used to develop
the overall SSIM presented in the article (Table 2).

Table B 1
Percentages of the cases which indicated an influence between each pair of enablers. Percentages above 67 %
(more than two thirds) are highlighted in blue and considered as occurrence of the relationship for the study.

El E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15
El 100% 89% 67% 56% 89% 67% 78% 89% 100% 33% 78% 78% 22% 67% 78%
E2  56% 100% 44% 67% 33% 33% 44% 22% 11% 56% 78% 67% 44% 56% 22%
E3 56% 67% 100% 44% 89% 89% 33% 56% 78% 56% 78% 100% 22% 89% 89%
E4  22% 67% 44% 100% 22% 33% 67% 22% 33% 67% 67% 22% 44% 56% 67%
E5 56% 67% 67% 11% 100% 0% 56% 67% 78% 11% 56% 78% 67% 67% 78%
E6 67% 89% 100% 33% 22% 100% 89% 67% 78% 67% 100% 89% 67% 78% 100%
E7 56% 67% 67% 33% 89% 67% 100% 78% 78% 89% 78% 89% 56% 89% 11%
E8 56% 22% 89% 0% 100% 67% 78% 100% 22% 67% 100% 89% 0% 78% 78%
E9 56% 11% 56% 0% 78% 67% 56% 33% 100% 78% 89% 67% 33% 78% 33%
E1I0 11% 67% 67% 22% 44% 67% 44% 56% 78% 100% 89% 78% 67% 89% 100%
E1l 44% 33% 56% 22% 100% 78% 56% 33% 67% 89% 100% 78% 56% 67% 89%
E12 33% 8% 33% 11% 67% 78% 33% 33% 33% 67% 56% 100% 67% 78% 56%
E13 11% 67% 11% 89% 33% 44% 33% 11% 22% 67% 44% 89% 100% 56% 67%
El4 56% 67% 56% 33% 78% 67% 33% 56% 67% 56% 78% 89% 56% 100% 89%
E15 33% 33% 78% 33% 22% 78% 33% 56% 0% 33% 67% 67% 67% 100% 100%

To construct the initial Reachability Matrix (RM) (Table B2), we replaced the V, A, O, X of the developed overall SSIM with binary numbers 0 and 1,
considering:

— If the cell (i,j) in the SSIM is ‘V’: the cell (i,j) in the RM should be 1; and the corresponding cell (j,i) in the RM should be 0.
If the cell (i,j) in the SSIM is ‘X’: the cell (i,j) in the RM should be 1; and the corresponding cell (j,i) in the RM should also be 1.
— If the cell (i,j) in the SSIM is ‘A’: the cell (i,j) in the RM should be 0; and the corresponding cell (j,i) in the RM should be 1.
If the cell (i,j) in the SSIM is ‘O’: the cell (i,j) in the RM should be 0; and the corresponding cell (j,i) in the RM should also be 0.

Table B 2
Initial Reachability Matrix.
El E2 E3 E4 E5 E6 E7 E8 E9 E10 El1 E12 E13 E14 E15

El 1 1 0 0 1 0 1 1 1 0 1 1 0 0 1
E2 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0
E3 0 0 1 0 1 1 0 0 1 0 1 1 0 1 1
E4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
E5 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1
E6 0 1 1 0 0 1 1 0 1 0 1 1 0 1 1
E7 0 0 0 0 1 0 1 1 1 1 1 1 0 1 0
E8 0 0 1 0 1 0 1 1 0 0 1 1 0 1 1
E9 0 0 0 0 1 0 0 0 1 1 1 0 0 1 0
E10 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1
El1l 0 0 0 0 1 1 0 0 0 1 1 1 0 0 1
E12 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0
E13 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0
El4 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1
E15 0 0 1 0 0 1 0 0 0 0 0 0 0 1 1

Next, we applied the transitivity rule, an assumption that if A is related to B and B to C, therefore A must be related to C, so that some “0 s” were
now filled with “1*”. The result is the final Reachability Matrix, which contains the driving and dependency powers of each enabler. The driving power
is the total of enablers (including itself) that may be supported (influenced) by the specific enabler, while the dependence power is the number of
enablers (including itself) that may support this certain enabler.

Table B 3

Final Reachability Matrix. DEP = dependence power. DRP = driving power. The number “1” indicates that the enabler in the horizontal line (i) affects the enabler in the
vertical line (j) in the table. The number “0” indicates otherwise - the enabler in the horizontal line (i) does not affect the enabler in the vertical line (j) in the table. The
number “1*” (with bold, italic, and starred characters) indicates a change in the table due to the transitivity assumption.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 DRP

(continued on next page)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 DRP

1 1 1 1* 0 1 1* 1 1 1 1* 1 1 0 1* 1 13
2 0 1 0 0 1* 1* 0 0 0 1* 1 1* 0 0 1* 7
3 0 1* 1 0 1 1 1* 0 1 1* 1 1 0 1 1 11
4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
5 0 1* 1* 0 1 1* 0 0 1 1* 1* 1 0 1* 1 10
6 0 1 1 0 1* 1 1 1* 1 1* 1 1 0 1 1 12
7 0 1* 1* 0 1 1* 1 1 1 1 1 1 0 1 1* 12
8 0 1* 1 0 1 1* 1 1 1* 1* 1 1 0 1 1 12
9 0 0 0 0 1 1* 0 0 1 1 1 1* 0 1 1* 8
10 0 1* 1* 0 1* 1* 0 0 1 1 1 1 0 1 1 10
11 0 1* 1* 0 1 1 1* 0 1* 1 1 1 0 1* 1 11
12 0 1 * 0 1* 1 1* 0 1* 0 1* 1 0 1 1* 10
13 0 * 0 1 0 1* 0 0 0 0 0 1 1 1* 0 6
14 0 1* 1* 0 1 1* 0 0 1* 1* 1 1 0 1 1 10
15 0 1* 1 0 1* 1 1* 0 1* 0 1* 1* 0 1 1 10
DEP 1 13 11 2 13 14 8 4 12 11 13 14 1 13 13

Partitioning of Levels

We have partitioned the Reachability Matrix into different levels. This is a process done to determine the importance level of each enabler of co-
creation. Using the Final Reachability Matrix, we established for each enabler three sets:

— Reachability set: enablers that are affected by this specific enabler.
— Antecedent set: enablers that may affect this specific enabler, including itself.
— Intersection set: enablers that are common in both reachability and antecedent sets.

To establish the level of each enabler, we looked at the reachability and intersection sets. Enablers with the same reachability and intersection sets
were considered as pertaining to the first level. Next, we removed these enablers from level 1 from the table and repeated the process iteratively until
have classified all enablers. Five rounds of iterations were necessary and are presented in Tables B4 to B8 below. The summary of this step in shown

Table B9.

Table B 4

Partitioning of levels: first iteration.

Enabler Reachability_Set Antecedents_Set Intersection_Set Level
El E1 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 El El

E2 E2 E5 E6 E10 E11 E12 E15 E1 E2 E3 E5 E6 E7 E8 E10 E11 E12 E13 E14 E15 E2 E5 E6 E10 E11 E12 E15 1
E3 E2 E3 E5 E6 E7 E9 E10 E11 E12 E14 E15 E1 E3 E5 E6 E7 E8 E10 E11 E12 E14 E15 E3 E5 E6 E7 E10 E11 E12 E14 E15

E4 E4 E4 E13 E4 1
E5 E2 E3 E5 E6 E9 E10 E11 E12 E14 E15 E1 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 E2 E3 E5 E6 E9 E10 E11 E12 E14 E15 1
E6 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 E1 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 1
E7 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 E1 E3 E6 E7 E8 E11 E12 E15 E3 E6 E7 E8 E11 E12 E15

E8 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 E1 E6 E7 E8 E6 E7 E8

E9 E5 E6 E9 E10 E11 E12 E14 E15 E1 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 E5 E6 E9 E10 E11 E12 E14 E15 1
E10 E2 E3 E5 E6 E9 E10 E11 E12 E14 E15 E1 E2 E3 E5 E6 E7 E8 E9 E10 E11 E14 E2 E3 E5 E6 E9 E10 E11 E14

Ell E2 E3 E5 E6 E7 E9 E10 E11 E12 E14 E15 E1 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 E2 E3 E5E6 E7 E9 E10 E11 E12 E14 E15 1
E12 E2 E3 E5E6 E7 E9 E11 E12 E14 E15 E1 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 E2 E3 E5 E6 E7 E9 E11 E12 E14 E15 1
E13 E2 E4 E6 E12 E13 E14 E13 E13

E14 E2 E3 E5 E6 E9 E10 E11 E12 E14 E15 E1 E3 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 E15 E3 E5 E6 E9 E10 E11 E12 E14 E15

E15 E2 E3 E5 E6 E7 E9 E11 E12 E14 E15 E1 E2 E3 E5 E6 E7 E8 E9 E10 E11 E12 E14 E15 E2 E3 E5 E6 E7 E9 E11 E12 E14 E15 1

Table B 5
Partitioning of levels: second iteration.

Enabler Reachability_Set Antecedents_Set Intersection_Set Level
El E1 E3 E7 ES E10 E14 El El

E3 E3 E14 E1 E3 E7 E8 E3

E7 E3 E7 ES E10 E14 E1E7 E8 E7 E8

E8 E3 E7 ES E10 E14 E1 E7 E8 E7 E8

E10 E10 E14 E1 E7 ES E10 E10

E13 E13 E13 E13 2
E14 El4 E1 E3 E7 ESE10 E14 El14 2
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Table B 6
Partitioning of levels: third iteration.
Enabler Reachability_Set Antecedents_Set Intersection_Set Level
E1l E1 E3 E7 ES E10 El El
E3 E3 E1 E3 E7 E8 E3 3
E7 E3 E7 ES E10 E1 E7 E8 E7 E8
E8 E3 E7 E8 E10 E1l E7 E8 E7 E8
E10 E10 E1 E7 E8 E10 E10 3
Table B 7
Partitioning of levels: fourth iteration.
Enabler Reachability_Set Antecedents_Set Intersection_Set Level
El El1 E7 E8 El El
E7 E7 E8 E1 E7 E8 E7 E8 4
E8 E7 E8 E1 E7 E8 E7 E8 4
Table B 8
Partitioning of levels: fifth iteration.
Enabler Reachability_Set Antecedents_Set Intersection_Set Level
El El El El 5
Table B9

Levels of the enablers.

Level

Co-creation enablers

I

I

III

v

E2 Project planning

E4 (Continuous) financial and human resources
E5 Interdisciplinary and cross-sectoral approach
E6 Context-specificity

E9 Tools for knowledge exchange

E11 Dissemination activities

E12 Shared vision

E15 Community ownership and empowerment
E13 Leadership and coalitions of support

E14 Open and inclusive process

E3 Integrating local, tacit, and expert knowledge
E10 Open, effective, and consistent communication
E7 Engagement tools

E8 Opportunity for informal inputs

E1 Sharing and learning from real-life examples
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