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Abstract

Intervention methods to establish commitment to (collaborative) action are of potential
interest to researchers and policymakers intent upon including stakeholder perspectives in
natural risk governance (Scolobig, Nat Hazards 81:27-43, 2016). In this paper, a 6-step co-
design method for engaging with local people in collaboratively envisioning nature-based
solutions for flood defence is described. The problem structuring base of the participatory
method is extended to accommodate the multi-actor situation and the local context of flood
risk management. The intervention method is applied in a workshop in the Houston—Gal-
veston Bay area in October 2014. At that time there was strong contestation surrounding
the proposed Ike Dike with alternative combinations of nature-based and smaller conven-
tional engineering solutions being proposed. The results indicate that the local participants
were able to envision a wide range of future outcomes for the bay and were able to use the
insights on nature-based solutions and the social contacts that they acquired at the transdis-
ciplinary workshop to mobilize commitment to joint action. This action focused on collab-
oration rather than specifying ecological or technical infrastructural requirements and was
instrumental in initiating more open discourse on flood defence options for the Houston—
Galveston Bay area. The paper concludes that the generic applicability of the co-design
method is limited by the requirement to understand and accommodate local circumstances
and participants’ insights within the workshop.
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1 Introduction

Place-based knowledge of the local environment forms an essential ingredient in the design
of nature-based solutions to flooding problems (Slinger & Vreugdenhil 2020; Bridges et al.
2021; Slinger 2021). The conventional means of acquiring such knowledge in the engi-
neering field draw on field survey methods, satellite image analysis, data from existing
engineering and geomorphological databases, mathematical model simulation and physical
scale model testing (see Bosboom and Stive 2015; Wijnberg et al. 2015). Similarly, in the
field of ecology, such knowledge is drawn from field surveys, satellite image analysis, envi-
ronmental databases and mathematical and conceptual modelling (see Pennekamp et al.
2017). Further, in the social science field a diversity of methods are used to deepen under-
standing of the social situation and the impacts of nature-based flooding solutions on soci-
ety (see Van Zandt et al. 2012; Vanclay et al. 2015; Hamideh and Rongerude 2018; Albert
et al. 2021). All of these fields take the locality of the flooding problem into account, but
do not necessarily seek to take multiple perspectives of stakeholders and the lived experi-
ence of their social and natural environment into account in designing solutions (Nogueira
de Andrade and Szlafsztein 2015; Scolobig 2016).

But, how can we include the lived experience of people in designing nature-based solu-
tions for their locality? Building on seminal work by Pearce (2003), there has been a surge
in the publication of cases of participatory disaster risk reduction involving communities
(Baudoin 2016; MacAskill 2019; Ali and George 2022), issues involved in integrating
such approaches into planning cycles and policy processes (Marengo et al. 2017; Bisello
et al. 2021; Frantzeskaki 2019), and the inclusion of local knowledge (D’Hont and Slinger
2023). Indeed, Vallance (2015) states that “Despite broad scholarly consensus that pub-
lic participation in disaster recovery is highly desirable, in practice, appropriate and effec-
tive forms of community involvement are difficult to achieve.” Of particular interest are
inter- and transdisciplinary methods that move beyond a focus on the resulting artefact,
and explore the steps taken in the collaborative design process itself (Sander and Stappers
2008; MacAskill 2019). By considering these steps and the embedding within the local
context, we can deepen knowledge on the design of effective participatory engagement
processes.

This paper therefore describes and reflects upon a transdisciplinary co-design method
for engaging with local people in collaboratively designing nature-based solutions. It
clarifies the problem structuring methodological base of the method and its extension to
account for a multi-actor situation (see Cunningham et al. 2014) and the context of a flood-
ing problem. An intervention in the Houston—Galveston Bay area in 2014 serves to illus-
trate the application of the method in practice. Such an intervention aims to establish com-
mitment to (collaborative) action, working with rather than ‘on behalf” of the group of
people concerned (Mercer et al. 2008; Ackermann 2012). Accordingly, the influence of the
intervention on the then polarized flood management discourse in Texas is described and
the differences between Texan and Dutch flood risk management contexts in facilitating
collaborative action at the time, are highlighted.

The paper is structured as follows. First, the theoretical background to the co-design
method and its composite steps are presented in Sect. 2. Next the methods adopted in
applying the intervention in Texas are described in Sect. 3. The situation in Texas six years
after Hurricane Ike struck the Galveston Bay area, the deaths and damage that resulted
and the subsequent heated debate regarding potential flood protection measures form the
background context to this intervention (Zane et al. 2011; Hamideh & Rongerude 2018;
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Brody et al. 2022). Particular attention is paid to the how the Dutch came to be involved
and the actions necessary to ensure embedding within this highly contested local context.
The process and outcomes of the co-design workshop are detailed in the results, before the
efficacy of the method in achieving commitment to action is described (Sects. 4, 5). After
reflections on the role of local knowledge in enabling nature-based flood defence and dif-
ferences in this regard between the Netherlands and Texas, the paper concludes in Sect. 6
with insights on the potential wider applicability of the method.

2 Theoretical background

Problem structuring methods are a core policy analytic technique (Thissen and Walker
2013) and have been applied in the soft system sciences for over 50 years (Ackerman
2012; Smith and Shaw 2019; Enserink et al. 2022). They are uniquely suitable for ana-
lyzing strategically complex problems with many applications focusing on deepening the
shared understanding of the material system and the associated human decision making
(see Eden and Ackermann 1998; Mingers and Rosenhead 2004). Apart from group model
building techniques and group decision rooms (Rouwette et al. 2002; Anderson et al. 2007,
Gray 2008), little attention was devoted to structuring the decision processes of multiple
actors as they debate and potentially resolve complex problems together or even overcome
social dilemmas within their local contexts. Social dilemmas entail actors being locked into
sub-optimal outcomes, often through a lack of information, limited communication, and
a dearth of collaboration (Janssen et al. 2019). Nowadays, collaborative and co-creative
approaches are receiving increasing attention (Sanders and Stappers 2008; Montero and
Kapinga 2019; Ranjan and Read 2021; Nunes et al. 2021), although only a few authors
evaluate such interventions (see McEvoy 2020; Vreugdenhil et al. 2022) or explore value
co-creation (Pera et al. 2016; Ketonen-Oksi and Valkokari 2019).

In this paper we will focus on a standardized ‘game-structuring’ approach, comprising
common analytical (game) elements embedded within a participatory approach (Voinov
and Bousquet 2010), as developed by Cunningham et al. (2014) and applied in South
Africa (Slinger et al. 2014). The first step in this generic six-step process involves identify-
ing the players. According to Hermans and Cunningham (2013) this step is equivalent to
describing the arena of the problem, and includes determining the purpose of the interven-
tion. Purposes can range from initiating joint action, to engendering learning, or defining
technical requirements. The second step involves analyzing the system and its context, and
usually forms the major focus of problem structuring efforts (Enserink et al. 2022). The
third step involves the description of possible strategic futures (see Howard 1987; Ramal-
ingam and Jones 2007; Rodgers et al. 2020). In this approach, such future outcomes are not
defined by first focusing on the range of possible actions, nor on changes in the context.
Instead, a planning approach is adopted (see Bertolini 2010) in which outcomes are envis-
aged first and actions are considered later (in step 5). The outcomes should include the sta-
tus quo outcome, that is the future that would resulting from persisting with present poli-
cies and management. In the fourth step the stakeholder-specific valuations of the future
outcomes are solicited and analyzed. Step five then involves evaluating all the outcomes
to determine a set of possible and/or necessary actions for each player to achieve the out-
comes. This does not imply that any actor would necessarily wish to take the action con-
cerned. Finally, the sixth step involves integrative negotiation (Thompson 2011; Kim et al.
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2015) or mediation with analysts indicating the space of possible win—win solutions and
facilitators seeking to enhance communication about potential actions, particularly poten-
tially beneficial joint actions that align with the purpose of the intervention.

Informed by problem-based and authentic learning pedagogies (Barrows 1985, 1992;
Schmidt 1993; Nicaise et al. 2000; Herrington et al. 2014; Yew and Goh 2016), this game-
structuring approach was later adapted to form an eight-step transdisciplinary collabora-
tive (co-)design workshop-method for multi-disciplinary teaching on nature-based flood
defence (Klaassen et al. 2021; Slinger and Kothuis 2022). The Houston—Galveston Bay
application represented an evolution of the original approach, incorporating slight modifi-
cations (Fig. 1), namely:

An initial step was added in which the participants became acquainted,

Game theory-based terms were phrased more understandably, and

A facilitated discussion of the set of possible and/or necessary actions for each player
to achieve the outcomes was undertaken together with the discussion on commitment
to (joint) action. This combination of the original steps 5 and 6 above was based on the
analysis of the stakeholder-specific valuations undertaken by the research team.

3 Method

When designing a participatory risk management intervention, the following factors are
considered by the TU Delft team: (i) access to the local context, (ii) the contextual embed-
ding of the intervention, (iii) the participants, (iv) the co-design workshop, and (v) the exit
strategy. Any constraining factors and the related choices are explained hereafter for the
application to Houston—Galveston Bay.

3.1 Access to the local context

The suitability of an intervention method for a local context is influenced by the man-
ner in which access is achieved to the local context. Where there are significant power
differences or contestation exists, care must be taken to not appear to be on one side of
the issue or simply a representative of one power base or party. In our case, access to
the Galveston-Houston Bay issue came about in a convoluted fashion. A key professor
from the University of Texas A&M Galveston had arranged for various dignitaries and

Original Game-structuring Workshop Co-Design Workshop

introduced| € Get acquainted
Identify the playersm @ Determine the key stakeholders

Gather information on the system and its context ™= €) Build a shared system understanding
Discuss and define outcomes (strategic futures) === @ visioning
Discuss pay-offs mm © Rate and determine underlying values
Define moves/actions belonging to the outcomesN combined
Mediate the game mmp| O Fradilitate a discussion on commitment to action

Fig. 1 Evolution of the original game-structuring workshop steps (Cunningham et al. 2014; Slinger et al.
2014) into the transdisciplinary co-design workshop method

@ Springer



Natural Hazards

colleagues from Texas to travel to the Netherlands on a number of occasions, usually
timed to coincide with the annual closure of the Maeslant Flood Defence. The flood
gates of this large infrastructure, located at the access channel from the North Sea to the
harbor of Rotterdam, are closed once per year to check that they are working. The del-
egation routinely visited the Delft University of Technology (TU Delft) on these occa-
sions to meet Dutch experts and discuss innovations in flood risk management. In 2014
a professor from Rice University in Texas visited the TU Delft to discuss the ecological
implications of proposed flood protection measures for the Houston—Galveston Bay area
(Fig. 2) a few months later. The discussion covered the potential for nature-based solu-
tions rather than conventional hydraulic structures alone and the need to involve a wide
range of local stakeholders in such discussions.

At that time, a first version of a game-structuring, co-design method had been devel-
oped and applied in South Africa (Cunningham et al 2014; Slinger et al. 2014). The idea
of applying the method in Houston—Galveston Bay area arose. The high degree of con-
testation between parties supporting the construction of an Ike Dike extending along the
Bolivar Peninsula and beyond the San Luis passage in the southwest (Merrel 2011), and
others suggesting different locations for flood barriers, or more nature-based solutions
(see Brody et al. 2022) was explained. With the provision that key protagonists would
not attend the workshop, but would facilitate access to a wide variety of local stakehold-
ers, even those with whom there was disagreement regarding proposed flood risk man-
agement interventions, the TU Delft team agreed to undertake such a transdisciplinary
intervention.

Fig.2 Map of the Houston—-Gal-
veston Bay area; the proposed
Ike Dike extended along the

Bolivar Peninsula and beyond ‘QJDPQ, H.mohﬁv 5 (ha¢| A Anahuac
the San Luis passage in the S [\ &
southwest Hod'ston
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3.2 Contextual embedding of the intervention

The 3-person Dutch team comprised experts in participative problem structuring and flood
risk management from the Policy Analysis section of the TU Delft. Members of the team
arrived 6 to 9 days in advance of the workshop to familiarize themselves with the Hou-
ston—Galveston Bay area and meet many of the stakeholders involved in the flood protec-
tion discourse (Table 1). The Severe Storm Prediction, Education and Evacuation from
Disasters (SSPEED) Center in Houston were their hosts. Excursions around Galveston Bay
were planned in advance, but many other meetings were arranged on the spot as the Dutch
team learned about the Bay and her people. For instance, the need to include stakeholders
with knowledge of the economic interests of the Houston—Galveston Bay area was identi-
fied, leading to a meeting with the Bay Area Houston Economic Partnership (BAHEP) and
the attendance of the workshop by a BAHEP representative.

3.3 Participants

The workshop was attended by 14 participants in total, including representatives from local
authorities, emergency services, the port authority, a federal agency, engineering and envi-
ronmental consultancies, an economic association, interest groups, scientists and students
(Table 1). Care was taken to ensure a spread in representation between people from Gal-
veston Island and Houston.

3.4 The co-design workshop

The workshop took place on 16 and 17 October 2014. It was facilitated by the TU Delft
research team (the authors) and spanned 1,5 days. The first day took place at Rice Uni-
versity in Houston, while the venue for the second day was the City Hall of Seabrook.
The results of model simulations of flood risk reduction measures were not used to sup-
port discussions in the workshop on the first or second day as they were the subject of
controversy. The first day closed with the rating of a wide range of utopic and dystopic
futures generated by the participants. The analytical step of determining the underlying
values from the ratings was undertaken overnight by the research team who then presented
the results of this step on the morning of the second day. The workshop culminated with
the final, sixth step in which the participants explored the implications of the outcomes for
the Houston—Galveston Bay area, their living environment, and moved towards agreements
on appropriate follow-up actions.

The six-steps in the game-structuring workshop undertaken for Houston—Galveston Bay
are listed in Fig. 1. The steps were also explained as addressing the questions (1) Who are
we? (2) Who cares? (3) Why we care? (4) What do we care about? (5) What do we value?
(6) What can we do jointly?

3.5 Exit strategy

As agreed at the workshop, the report of the proceedings and the analysis of underlying
values was circulated to all participants within a fortnight (Kothuis et al. 2014). Contact
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details for the TU Delft researchers were provided so that any participant who has a query
or wished to withdraw their permission for data sharing could do so. In addition, the con-
tact details of SSPEED were provided to participants.

4 Results

Following Thissen and Twaalfhoven (2001), Slinger et al. (2014), McEvoy et al. (2018;
2020) and McEvoy (2019), the results of the workshop are described in terms of the pro-
cess and outcomes per step.

Step 1 Getting Acquainted

In this step, participants gathered around a large hand-drawn map of the Houston—Gal-
veston Bay area and were asked to indicate areas for which they had a particular affinity.
For instance, because they lived there, worked there, or were interested in or had done
research on a particular feature. Knowing that underlying tensions could be present, this
casual format was chosen above more usual formal introductions to encourage an open
atmosphere from the outset.

The outcome was that participants shared some personal anecdotes, but were careful in
choosing which colored pen they used in drawing on the map. Upon inquiry by the Dutch
team, the colors were revealed to allude to the university they had attended with blue rep-
resenting Rice University and the maroon and yellow colors representing the maroon of
Texas A&M. This confirmed that the workshop intervention was being held in a situation
characterized by contestation.

Table 1 Eight-day sequence of activities (9 to 17 October 2014) and participants in which the game-struc-

turing co-design workshop (shaded) was embedded

Oct | Activity ici
9t | Attendance of Coastal Resilience Conference 2014. ‘Living on the edge. Strategies for BK from TU Delft, SSPEED Center host. Many participants — contact made with
Building and preserving resilient Coastal Communities’ at Texas A&M, Galveston representatives from Texas A&M Galveston, U.S. Army Corps of Engineers (USACE)
Galveston District, University of Texas San Antonio, Louisiana State University, Green
Nexus Consulting

Meeting at Texas A&M, Galveston to discuss the workshop intervention, issue invitation | Key Texas A&M Galveston researchers (x2), BK from TU Delft

to attend.

12" | Excursion around Galveston Bay (310 miles). Ship Channel area, Chambers County, SSPEED Center (Rice University) host, WUR, TU Delft
Bolivar Island, Bolivar Roads, Galveston Island, Brazoria County.

Meeting at Bolivar Island on effects of Hurricane ke for Bolivar Island residents. Houston Audubon Society representative, Vietnamese fisher, SSPEED Center (Rice
Discussions on environmental health of Galveston Bay and its importance for birds. University) host, WUR, TU Delft
Experiences of a prawn fisher.

13" | Research meeting at Rice University, Houston. Explanation of TU Delft research groups, | Key SSPEED Center (Rice University) researchers (x3), Fugro representative, Walter P
the Multifunctional Flood Defence research programme, Game-structuring workshop as | Moore representative, Wageningen University (WUR) researcher,
policy intervention, and a on salt marsh as an element in flood defence. | TU Delft Rice University students (x3)

Excursion Houston Ship Channel and Clear Lake area (100 miles). Fred Hartmann Bridge, | SSPEED Center (Rice University) host, WUR, TU Delft
Bay shore cities of Baytown, LaPorte, Seabrook, Kemah, Morgan’s Point, Clear Lake
area, State Highway 46, Houston Ship Channel, Port of Houston.

14" | Meeting at Clear Lake about businesses in cities along Galveston Bay, the Ship Channel | Bay Area Houston Economic Partnership (BAHEP) representative who joined Day 2 of
and the Texas City petro-chemical industries. Shared BAHEP knowledge of the economic | the workshop, TU Delft, Introduction by SSPEED Center (Rice University) host
system. The workshop approach was explained, so that he could join on Day 2.

Meeting at Friendswood on the forthcoming workshop to explain the approach. Key Texas A&M Galveston researcher
Discussion on the Coastal Spine concept and the NSF- PIRE Proposal. (travelling on date of workshop, so could not attend), TU Delft
15% | SSPEED Center Modelling Meeting at Rice University, Houston — and p ives from USACE Galveston, Texas A&M Galveston, Six Counties Surge
discussion of results from ADCIRC and SWAN modeling District, Houston Endowment, Dannenbaum, Arcadis USA, Energy Transfer, Houston
Galveston Area Council (HGAC), SSPEED Center (Rice University), WUR, TU Delft
Discussion over dinner in Houston - reflecting on SSPEED Center research results SSPEED Center researchers (x3), WUR, TU Delft
presented at earlier workshop.
16" | Workshop Day 1 at Rice University, Houston Representatives from Houston City Council, City of Baytown, Seabrook emergency
services, Port of Houston, National Oceanic and Atmospheric Administration,
WorleyParsons, Coastal Solutions, BAHEP, Galveston Bay Coastal Protection
17" | Workshop Day 2 at City Hall, Seabrook Association, Houston Galveston Bay Foundation, Citizen Advisory Panel - Ship Channel
Area, Citizen Advisory Panel — Bay Area, University of Texas A&M Galveston, Rice
University
City of Seabrook at the Community offices. Presentation and discussion of Hurricane ke | Mayor of Seabrook, Seabrook emergency services, TU Delft
impact on Seabrook - infrastructural damage and recovery process
Meeting at Texas A&M Galveston to deepen understanding of the bay system and the | Key representative of Texas A&M Galveston
Coastal Spine initiative, and to discuss the Dutch Building with Nature approach.
Reflective discussion over dinner in Houston SSPEED Center (Rice University) host, WUR, TU Delft

Details of the contextual embedding of the workshop (bold) are provided to illustrate of the type of activi-
ties and range of participants that are necessary for appropriate application of the co-design workshop
method
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In addition, the mapping exercise revealed that there were no participants from Anahuac
or the eastern shore of Galveston Bay (Chambers County), nor was the Bolivar Peninsula
represented (Fig. 2).

Step 2 Determining the key stakeholders

In this step, the participants were asked to identify stakeholders who care about or have
an interest in Houston—Galveston Bay using the nominal group technique. Each participant
was given a stack of post-its and a marker pen. After first writing down their ideas individ-
ually, they then gathered around a large empty table where they took turns to place a stake-
holder post-it on the table and explain to the group why they considered the stakeholder
relevant. By the third round, all participants had nominated the stakeholders they had listed
on their Post-it’s. The participants began to suggest that stakeholders with common inter-
ests were positioned close together during the second nomination round, anticipating upon
the final instruction in this step to cluster the nominated stakeholders into groups.

The outcome was the identification of 8 clusters of key stakeholders. After some discussion,
two groups were again grouped together (1a and 1b) as they represented a national level perspec-
tive on the Houston—Galveston Bay area. The final list of key stakeholders was:

1. National level key stakeholders

a. Federal government & US Army Corps of Engineers & Flood insurance underwriting
b. American people

Environment & Tourism

State and Local Government
Infrastructure & Emergency Response
Citizens on the Water Front

Citizens in the Surge Zone

Industry, Business and Ports

NNk L

Step 3 Building a shared system understanding

In this step, participants were seated in a semi-circle facing a large whiteboard covering
almost the whole of one side of the long rectangular room. The participants were asked to
focus on the Houston—Galveston Bay system and its characteristics, describing why people
care about the bay area and the associated flood risk. A moderator captured and systemized
the suggestions of participants by writing terms or phrases on the whiteboard. The partici-
pants spoke freely and continued to volunteer additional information and perspectives on
the system until the diagram in Fig. 3 was produced.

The participants found this an exciting exercise and liked the systematization of such a
large range of issues. They had expected the economy, industry, the ecosystem and flood-
ing to feature in their system description, but were particularly intrigued to note the family
life and community aspects that came to light. One participant expressed a common view:
‘Having it visualized like this makes you comprehend much better how much is at stake
and how intricately it all connects.’

Step 4 Visioning

In this step, the participants generated a wide range of potential future outcomes for
the Houston—Galveston Bay area drawing upon knowledge from the preceding step. This
potentially difficult visioning step was undertaken in stages. First, the participants were
divided into small groups of 2 or 3 people and attempted a trial run upon which they
received feedback. Next, they proceeded to the actual task of developing at least one
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dystopic outcome and one or possibly two utopic outcomes per group. The participants
were asked to ‘Describe potential outcomes for the Houston—Galveston Bay area, what it
would look like (but not how to get there). Describe the state of the things that are cared
about (positive and negative).” They were to generate system-feasible outcomes, but not
be constrained by social acceptability nor by resource limitations. They were instructed
to think in a divergent way, and told that there were no wrong answers. The setting for
this step was informal with packed lunches provided and the groups working in clusters
throughout the venue. Some enjoyed their lunch outside while working on the visioning
task. The facilitators moved from one group to another, checking on progress, and offering
support as needed.

After about 2 h, each group presented their potential future outcomes in plenary. The
names and specification of the outcomes were captured on Flip-over sheets, which were
then stuck on the wall where they were visible to all participants. Finding agreement within
the teams was not always easy with two teams dividing the task and members developing
outcomes apart from each other. Most groups came up with two outcomes, some with only
one, but this was then very detailed.

Twelve potential future outcomes were identified and characterized (Table 2). Four of
the outcomes were perceived by the group as positive or utopic and four were deemed
negative or dystopic. Two outcomes exhibited both negative and positive features and two
outcomes were viewed by different participants as the natural extension of present prac-
tices into the future or the ‘status quo’. This divergence in opinions was retained by record-
ing two ‘status quo’ outcomes for the Houston—Galveston Bay area.

The task of combining the 12 visions to a feasible number for further rating and analysis
represents the last stage of this visioning step. It was undertaken with all the participants
seated and facing the Flip-overs on the wall. The participants were asked to ‘Combine out-
comes (to a maximum total of 7 or 8) and give each group of outcomes a clear and descrip-
tive name.” As reflected in the workshop proceedings (Kothuis et al. 2014), seven com-
bined outcomes resulted (with the letters in brackets reflecting the labels from Table 2),
namely:

Slow boat cabaret (FI)

Taken out (B)

Let the storm come (C)

Enhanced and rejuvenated relationship (CK1)
Self-reliant communities (EG)
Over-engineered solution (J)

Waiting for the next one (DHK2)

Nk WL =

Despite signs of tiredness near the end of an intensive day, the participants still
expressed enthusiastic amazement at the breadth and depth of the generated outcomes.
Two participants indicated that they had found making the final combined outcomes par-
ticularly difficult.

Step 5 Determining underlying values

In this step, the participants assessed the extent to which the values of the eight key
stakeholders were represented in the seven combined outcomes for the Houston—Galves-
ton Bay area. The small groups were assigned roles as key stakeholder. One small group
was assigned two roles, namely the Citizens of the Water Front and the Citizens in the
Surge Zone. The facilitators took on the role of the Federal Government, and the American
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People with the proviso that the entire group later checked and corrected the assigned rat-
ings. Each group was provided with 8 green stickers and 4 orange stickers to rate the com-
bined outcomes from the perspective of their key stakeholder. The green stickers repre-
sented positive rating of an outcome and the orange stickers represented negative rating
of an outcome. No limit was placed on the number of stickers that could be allocated to a
specific combined outcome, but a key stakeholder could not place both green and orange
stickers on a single combined outcome.

Finally, each small group explained their key stakeholder ratings in plenary with each
team presenting cogent arguments. Participants chose to spread their ratings over a number
of combined outcomes with no team placing all their green or orange stickers on any one
outcome. There was some dissent particularly within one team regarding their assigned rat-
ings. Indeed, the participants indicated that they found distributing the stickers a difficult
task, particularly because (as intended by the research team) the number of the stickers did
not correlate easily with the seven combined outcomes. This completed the first day of the
workshop.

The research team then re-scaled the ratings of the participants to lie between zero and
100% per key stakeholder group (Table 3). Then (ratings of) the outcomes were compared
with one another and the dominated outcomes were identified. For instance, the ‘Enhanced
and rejuvenated relationship (CK1)’ outcome dominated over ‘Slow boat cabaret (FI)’
because it was rated more highly by each key stakeholder group. Similarly, the ‘Enhanced
and rejuvenated relationship (CK1)’ outcome dominated over ‘Taken out (B)’ and ‘Let
the storm come (C)’. The dominated outcomes were eliminated from further analysis as
they were not located on the Pareto front. The ‘Self-reliant communities (EG)’ outcome
weakly dominated the ‘Over-engineered solution (J)’, as it was equally valued by the key
stakeholder ‘Infrastructure and Emergency Services’. The outcome was not eliminated
from further consideration. In the three outcomes identified as win-wins all key stakehold-
ers win, but some key stakeholders win more than others. These four combined outcomes
were all located near, or on, the Pareto optimal front, and can be termed efficient combined

Fig.3 System characterization of the Houston—Galveston Bay area
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outcomes (Fig. 4). The ‘Enhanced and rejuvenated relationship (CK1)’ outcome received
the highest total rating and so in game theory terms is identified as the Hicks Optimum.

Next, the ratings were explored to identify whether there were key stakeholders who
consistently preferred the same outcomes, so that potential coalitions could be identi-
fied. Three potential coalitions were identified, namely (i) All in it for the Bay (everyone
except Industry, Business & Ports), (ii) American Economic Prosperity (Industry, Business
& Ports, State & Local Government, American People), and (iii) Infrastructure Planners
(Infrastructure & Emergency Response, Federal Government).

The outcomes which, under prevailing circumstances, potentially offered the most value
for the most stakeholders, were identified next. A lack of clarity was identified regarding
the ‘status quo’, that is the health and performance of the Bay, and how this would develop
if the present policies were to persist. This was consistent with the two versions of the sta-
tus quo identified by participants in step 4 on the first day of the workshop.

Step 6 Facilitating a discussion on commitment to action

After a welcome to the City of Seabrook by the mayor, the second day of the workshop
commenced. The proceedings and associated artefacts of the previous day were summa-
rized by the facilitators. The list of key stakeholders and the outcomes from steps 4 and 5
were stuck onto the walls of the Seabrook City Hall so that the participants could refer to
them. Then the information needed to initiate a discussion on commitment to action was
presented. This included (i) the identification of the four outcomes at, or near, the Pareto
front, (ii) the 3 potential coalitions, and (iii) the uncertainty associated with the status quo.

The four relevant combined outcomes are:

Enhanced and rejuvenated relationship (CK1)
Self-reliant communities (EG)
Over-engineered solution (J)

Waiting for the next one (DHK?2)

The three potential coalitions comprise:

All in it for the Bay (everyone except Industry, Business & Ports)
American Economic Prosperity (Industry, Business & Ports, State & Local Govern-
ment, American People)

e Infrastructure Planners (Infrastructure & Emergency Response, Federal Government)

The facilitators pointed out that lack of lack of clarity on the status quo can be resolved
by undertaking monitoring of ecosystem health and human impact on the Bay and can be
determined scientifically using environmental science methods, so is for the most part not
a value-based issue. If the status quo were the ‘Slow boat cabaret (FI)’, this would preclude
all other outcomes except a mixture of ‘Enhanced and rejuvenated relationship (CK1)’ and
‘Self-reliant communities (EG)’, because anything else would make some key stakeholder
group worse off than they are under ‘Slow boat cabaret (FI)’. However, if the status quo is
‘Waiting for the next one (DHK?2)’, then the coalition of American Economic Prosperity
would demand protection of the ship channel (protecting investments, as well as continued
operation) and that port and industry workers get back to work after a hurricane (continued
port operation). This potentially excludes environmental interests, local communities and
Galveston Island. To bring such a broad coalition to the negotiation table, it would be nec-
essary to generate an outcome that would cause them to do much better than they would do
under the status quo of “Waiting for the next one (DHK?2)’.
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Six possible approaches, based upon the participants acknowledging the present unclear
situation, and choosing to take (collective) actions, were then presented for discussion. The
first four approaches involved forming broad coalitions, whereas approaches 5 and 6 were
most effective if forming a broad coalition proved impossible, or was not desired by some.

1. Retain Useful Ambiguity Instead of clarifying the status quo using empirical scien-
tific research, this approach retained uncertainty about the status quo. Ambiguity was
explicitly retained and a combination of the outcomes a combination of the outcomes
Self-reliant local communities, Enhanced and rejuvenated relationship, and Waiting for
the next one, was pursued.

The value of this approach was highest if the status quo happened to lie closer to
‘Waiting for the next one’, as it kept negotiation open and retained the possibility of
a collaborative outcome incorporating the environment, communities and economic
interests.

2. Clarify and Inform This approach aimed to resolve the uncertainty about the status quo
through empirical research (socio-economic, ecological health, stakeholder consulta-
tion etc.) and the sharing of newly acquired and existing information. People would be
no worse off than they were, and perhaps better off. The common understanding of the
Houston—Galveston Bay area would increase.

3. Establish Different Status Quo This approach explored whether a status quo different
from those already identified might exist. It aimed to inform stakeholders if such a ‘new’
status quo existed, simultaneously changing the existing situation and opening up new
opportunities. As the new opportunities became clear, collective action would be taken
to move towards them if so desired.

4. Consider and Include Other Stakeholders This approach focused on coalition building,
trying to increase the number and range of stakeholders involved. Despite the increased
complexity, it also meant better-arbitrated outcomes and the avoidance of surprises,
e.g. additional requirements from previously unheard stakeholders. Through such an
expanded network additional issues can be raised at an early stage. It is also possible to
acquire additional resources, and new capabilities to argue and defend your interests,
by widening the group of stakeholders you include.

5. Prepare for Continued Dispute This approach focused on gaining capabilities and
resources for a particular group by forming action coalitions. Action coalitions are
stakeholders with a common interest who have joined together with a commitment
to, and capabilities for, action. This approach enhanced your ability to recognize your
potential friends and allies, and can be viewed as using resources to act for what YOU
want, and creating alignments for YOUR cause. The approach is not oriented to collec-
tive action for the common good, but seeks to fragment and then align for the good of
the action coalition.

6. Supply Information This approach combined the outcome of ‘Self-reliant communities’
and ‘Enhanced and rejuvenated relationships’ by detailing the values embraced and the
situation arising from combining these outcomes. The detailed combined outcome was
then used when talking to engineers, contractors, state, local and national government
about the future of the Houston—Galveston Bay Area. This approach could generate a
groundswell, and create a vision of a future for the Bay. Such bottom-up vision creation
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can act to alter the negotiation game and open up new possible outcomes. It can be a
game changer.

After some clarifying questions, the participants discussed the lack of leadership in
the Houston Galveston Bay area in coming to a shared approach regarding flooding,
primarily to avoid ‘continued dispute’. The group of participants identified a lack of
political leadership as a major source of their problematic situation. They characterized
their situation as contentious with no joint plan of action to address the risk of flooding
in the bay area owing to hurricanes. This was most symptomatic of approach 5. The
need for leadership was explicated in by the question “Who will drive the train?” and
the statement “There is no leader right now”. There were many suggestions for such
leadership. Some suggested a legislative committee as lead, yet others stated a “Harris
County Judge has to lead”, others the Six County Surge District and yet others the Bay
Area Houston Economic Partnership (BAHEP).

BAHEP was viewed as central to a shared approach, as was the Six County Surge
District. This was created by the governor, following Hurricane Ike. The County judges
and three other representatives of citizens and industries (Moody, Dow Freeport, Beau-
mont/Port Arthur) sit on the Board of the Six County Surge District. Whatever the lead-
ership, the Surge district would need to ensure that a study of flooding risk in the Hou-
ston—Galveston Bay area was undertaken, but would not have to conduct all the studies
themselves. The Surge District was deemed not very powerful politically. However, in
an alliance with the General Land Office, which controls the coastline, there was poten-
tial for a workable match. Other qualifiers on the potential leader were that their vision

Table 3 Rating of the 7 combined outcomes (rows) from the perspectives of the 8 key stakeholders (col-
umns)

Federal American Environment | State and Local | Infrastructure Citizens on Citizens in Industry,
Government | People & Tourism Government & Emergency the Water the Surge Business &
Response Front Zone Ports
Slow boat cabaret (FI)
2 ] o J-1tJT o -1T o] -t T o7 -1 T o ToT Jiw7[ o0 TJ286] -1 [ 0
Taken out (B)
L [s50 1] o] 1 JTof] 1 [T o] -1t JT oT[-1]JToJ=2ToT=- o
Let the storm come (C)
I [50 Jo[333] 2 [ 75 ] 1 [ 4 [ o [25 ] 0 Jiwe7] 3 [7114] -1 [ 0
Enhanced and rejuvenated relationship (CK1)
2 [e67]2J100 ] 3 J1oo] 3 [ 8 [ 2 [ 75 [ 5 J100] 5 J100 ] 1 [ 40
Self-reliant communities (EG)
4 J1oo [ 2Tmo0] 2 775 4 JT1oo ] 3 J1o0o ] 3 Je67] 0 [286] 2 [ 60
Over-engineered solution (J)
I [ 50 J-1] o] o 25 ] -1 JT o [ 3 J1o ] o Jie7] 2] 0 [ o [ 20
Waiting for the next one (DHK?2)
O Je7 2100 -1 T o J o [ 20 ] -1 T o [ -1 ] o7 o J286[ 4 ] 100

Per column, the left-hand figures indicate the number of stickers received (positive for green stickers, nega-
tive for orange/red stickers). The right-hand figures represent the rescaling of the ratings to lie between 0
and 100% for each key stakeholder group

should not be too parochial, but more regional, and that it was possible to be too politi-
cal. Such a leader needs to be above politics, which was why there was overarching sup-
port for BAHEP taking a key role.

The discussion ranged over the need for a local groundswell and that the federal govern-
ment was waiting for a proposal for a shared and supported solution. Sound information,
not necessarily collated in understandable form, can create a groundswell. The report cards
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for the Bay form a very good example of such information. Indeed, Texas A & M and Rice
University were undertaking system analyses and the University of Texas, Houston, was
undertaking the requisite model simulations. There was agreement that a common knowl-
edge base and respect for different opinions are prerequisites for committing to joint action.

The discussion then moved onto the possible approaches. An insightful comment was
made that it was possible to combine approaches 1 and 6. Embracing Ambiguity meant
agreeing on assumptions and proceeding from there to create the information that could
change the situation by allowing self-reliant communities to evolve. The participant group
responded very positively to this suggestion, favoring ‘Self-reliant communities’ and the
‘Enhanced and rejuvenated relationship’ outcomes, while still considering that the eco-
nomic interests should be borne in mind. They indicated a desire to pursue this option by
meeting together in future.

The workshop then closed with participants providing positive feedback on the inter-
vention method and their experiences of the workshop.

5 Discussion

The game-structuring co-design intervention took place within the context of a highly
polarized discourse on flood defence in the Houston—Galveston Bay area (See Brody et al.
2022). The discourse focused on the rival merits of a range of technical and infrastruc-
ture options such as the Ike Dike, a more comprehensive Coastal Spine or the Houston
Ship Channel Centennial Gate and many others. The focus on these infrastructures rep-
resented attempts on the part of the protagonists to ensure a desired ‘safe future’ by what

Uy EG
Pareto Front

+ /Status Quo

J
DHK?2

> U,

Fig.4 The figure represents a low-dimensional representation of Table 3. The seven outcomes are posi-
tioned according to their respective appeal for the eight key stakeholders. The units of the axes are “utils”
and represent the combined interests of stakeholders in the form of an aggregate utility score for two coali-
tions of stakeholder interests. The status quo is placed midway between outcomes DHK?2 and FI. The avail-
able Pareto front is quite narrow, and reaches between outcomes EG and CK1, with the industry group pre-
senting the strongest constraint on possible future outcomes. The shape of the space of welfare preserving
improvements is distorted by the low dimensional projection of these data
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they considered achievable actions. This intervention workshop allowed the participants to
discover that they had more in common than they thought or that the prevailing discourse
had led them to believe. They all valued a healthy, restored and functioning Bay ecosystem
with resilient communities around it. They also realized that none of the highly positively
valued futures featured the Ike Dike, as it was then envisaged. So, on the one hand a shared
desirable future that included nature-based solutions now seemed potentially possible and
on the other hand the spectre of having to prepare for continued dispute seemed very realis-
tic. This meant that many of the participants chose to meet with the BAHEP representative
again in the days following the workshop. And, although we cannot attribute this directly
to the workshop, we note that representatives from Texas A&M University, the SSPEED
Center at Rice University, and the Gulf Coast Community Protection and Recovery Dis-
trict, met in a panel discussion hosted by the Houston—Galveston Area Council on Novem-
ber 11, 2014. They expressed to be committed to collaborate ‘to try to find the best solu-
tion for the region” and planned two meetings to discuss a memorandum of agreement and
share data (Guidry News 2014).

The Dutch research team had anticipated that the transdisciplinary intervention would
facilitate local environmental and experiential knowledge becoming available for inclusion
in infrastructural design options for Houston—Galveston Bay—to supplement existing tech-
nical engineering knowledge. Despite the participants having such knowledge, the shared
discussion focused more on the participants’ values about the Bay and their shared love of
the open water. This meant that the type of local knowledge that was drawn into the design
process was social more than ecological — truly game-structuring, and truly driven by the
participants themselves. Coalition building formed a central issue in the workshop discus-
sions so that joint actions could be taken with an increased chance of success. The strong
community base of Texan society came to the fore and the commitment that people felt to
their communities meant that there was a willingness to engage and to stay involved.

Although the participants had not previously been extensively involved in flood defence
design, planning and decision making, they were well acquainted with citizen participa-
tion in their society. In contrast, in Dutch society at the time, the direct involvement of
citizens in flood risk management was not widespread, nor legally required. A number of
public engagement processes has been initiated at national level, e.g., Room for the River,
and were well underway. However, most Dutch citizens simply elected their water board
representatives and left them to do the job. Only when proposed infrastructural measures
directly affected them, e.g., land expropriation for raising the dikes, would they protest and
take action (see Cuppen 2012). In 2015, the law was changed to place a duty of care on the
water boards, requiring them to undertake participatory engagement with stakeholders in
the execution of their flood risk management responsibilities (MinlenM 2015).

So, in some ways the participants in the Houston—Galveston Bay game-structuring co-
design intervention were frontrunners in the manner in which they used the insights they
acquired in the workshop. They tried to influence the choice of which type of flood defence
infrastructure should be considered, not by engaging in debates on technical requirements,
but by aligning with others sharing a love of the Bay.

Methodologically, the fact that the co-design workshop worked in this local context
served to affirm the generic nature of the steps in the intervention. These steps were orig-
inally derived from a study of problem- structuring and game-structuring literature (see
Cunningham et al. 2014) and only slightly modified for application in the Houston—Gal-
veston Bay situation. However, an application of the workshop method alone without the
brief, but deep immersion in the local context undertaken by the facilitators may not have
succeeded as well. The diversity in the problem perceptions of the participants would have
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been difficult to appreciate without having visited different areas of the bay, while alle-
giances to different prevailing opinions in the contested situation could potentially have
been misunderstood if the meetings and workshops prior to the workshop had not occurred.
Accordingly, we can infer that the steps of the co-design method are generically applicable
when sufficient attention is given to understanding and learning about the intricacies of the
local context.

6 Conclusion

A 6-step co-design workshop was undertaken on the flood defence of the Houston—Gal-
veston Bay area in October 2014. At that time there was strong contestation surrounding
the proposed Ike Dike with alternative combinations of nature-based and smaller conven-
tional engineering solutions being proposed. The transdisciplinary intervention workshop
was undertaken to explore whether we could include the lived experience of people in the
design of nature-based solutions for their locality and how effective this would be. The
results indicate that participants were able to generate a wide range of future outcomes
for the bay and were able to use the insights on nature-based solutions and the social
contacts that they acquired at the workshop to mobilize commitment to joint action. The
action focused on collaboration rather than the determination of technical or infrastruc-
tural requirements and was instrumental in initiating more open discourse on flood defence
options for the Houston—Galveston Bay area.

This reflected a resilient community-based choice for engagement in flood defence dis-
cussions in contrast to the national or regional focus of Dutch engagement processes related
to nature-based solutions at that time. It also indicated that the co-design workshop method
functioned as a participatory disaster risk reduction intervention for a context entirely dif-
ferent from its original context. However, its generic applicability is potentially limited by
the need to contextualise the stakeholder-supplied information within the transdisciplinary
workshop. In other words, to apply the co-design intervention method effectively in an
unfamiliar locality, one needs to spend time in advance of the workshop becoming familiar
with the local context—an intrinsic generic-contextual dilemma.

Acknowledgements Grateful thanks are extended to the workshop participants for sharing their views with
us and with each other. Our hosts at the SSPEED Center, Rice University are thanked, particularly JB and
PB. BM and SB from the University of Texas A&M Galveston are acknowledged.

Author contributions All authors were affiliated with the Faculty of Technology, Policy and Management of
the Delft University of Technology at the time of the study. All contributed to the study design and imple-
mentation. SC conducted the analysis to determine the underlying values held by stakeholders. The manu-

script was written by JS with SC and BK providing review comments.

Funding Financial support from the Multi-Actor Systems Research Programme of Delft University of Tech-
nology is acknowledged.

Declarations

Conflict of interest The authors have no relevant financial or non-financial interests to disclose in relation to
the research.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long

@ Springer



Natural Hazards

as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Ackermann F (2012) Problem structuring methods ‘in the Dock’: arguing the case for Soft OR. Eur J Op
Res 219(3):652-658. https://doi.org/10.1016/j.ejor.2011.11.014

Albert C, Brillinger M, Guerrero P, Gottwald S, Henze J, Schmidt S, Ott E, Schréter B (2021) Planning
nature-based solutions: principles, steps and insights. Ambio 50:1446-1461. https://doi.org/10.1007/
$13280-020-01365-1

Ali S, George A (2022) Fostering disaster mitigation through community participation - case of Kochi res-
idents following the Kerala floods of 2018 and 2019. Nat Hazards 111:389—410. https://doi.org/10.
1007/s11069-021-05058-0

Andersen DF, Vennix JAM, Richardson GP, Rouwette EAJA (2007) Group model building: problem struc-
turing, policy simulation and decision support. J Op Res Soc 58(5):691-694

Barrows HS (1985) How to design a problem-based curriculum for the preclinical years. Springer Publish-
ing Company, New York

Barrows HS (1992) The tutorial process. Southern Illinois University School of Medicine. Springfield,
Illinois

Baudoin MA, Henly-Shepard S, Fernando N et al (2016) From top-down to “Community-Centric”
approaches to early warning systems: exploring pathways to improve disaster risk reduction
through community participation. Int J Disaster Risk Sci 7:163-174. https://doi.org/10.1007/
$13753-016-0085-6

Bertolini L (2010) Coping with the irreducible uncertainties of planning: an evolutionary approach.
The Ashgate Research Companion to Planning Theory. Routledge, Amsterdam, p 12 (ISBN
9781315279251)

Bisello A, Vettorato D, Ludlow D, Baranzelli C (eds) (2021) Smart and sustainable planning for cities and
regions: results of SSPCR 2019—open access contributions. Springer, Cham. https://doi.org/10.1007/
978-3-030-57764-3

Bosboom J, Stive MIF (2015) Coastal Dynamics 1. Lecture Notes CIE4305. 5™ Edition. 584pp. Delft Aca-
demic Press, Delft. ISBN 9789065623720

Brody S, Lee Y, Kothuis B (2022) Coastal Flood Risk Reduction: Comparisons from the Netherlands and
the U.S. Upper Texas Coast. Elsevier, Amsterdam, Netherlands

Cunningham SW, Hermans LM, Slinger JH (2014) A review and participatory extension of game structur-
ing methods. EURO J Decis Process 2(3—4):173-193. https://doi.org/10.1007/s40070-014-0035-8

Cuppen ME (2012) Legitimation of flood management. PhD dissertation, Delft University of Technology,
Delft, Netherlands. http://resolver.tudelft.nl/uuid:73b6c3ca-5e78-4cda-bba2-39a314abad31

D’Hont, FM, Slinger, JH (2022) Including local knowledge in coastal policy innovation: comparing three
Dutch case studies. Local Environ 27(7):897-914. https://doi.org/10.1080/13549839.2022.2084722

Eden C, Ackermann F (1998) Making strategy: the journey of strategic management. SAGE Publications,
New York

Enserink B, Bots P, Van Dalen E, Hermans L, Kortmann R, Koppenjan J, Kwakkel J, Ruijgh T, Slinger
J, Thissen W (2022) Policy Analysis of Multi-Actor Systems, 2nd edn. TU Delft Open/Eleven, The
Hague. https://doi.org/10.5074/T.2022.004 (ISBN 978-94-6366-575-9)

Frantzeskaki N (2019) Seven lessons for planning nature-based solutions in cities. Environ Sci Policy
93:101-111. https://doi.org/10.1016/j.envsci.2018.12.033

Gray P (2008) The nature of group decision support systems. Handbook on Decision Support Systems 1.
International Handbooks Information System. Springer, Berlin, Heidelberg, p 19. https://doi.org/10.
1007/978-3-540-48713-5

Guidry News (2014) ‘Coastal Surge Protection. AIA/HGAC Community Dialogue on Coastal Resiliency.’
GuidryNews.com, November 11, 2014

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ejor.2011.11.014
https://doi.org/10.1007/s13280-020-01365-1
https://doi.org/10.1007/s13280-020-01365-1
https://doi.org/10.1007/s11069-021-05058-0
https://doi.org/10.1007/s11069-021-05058-0
https://doi.org/10.1007/s13753-016-0085-6
https://doi.org/10.1007/s13753-016-0085-6
https://doi.org/10.1007/978-3-030-57764-3
https://doi.org/10.1007/978-3-030-57764-3
https://doi.org/10.1007/s40070-014-0035-8
http://resolver.tudelft.nl/uuid:73b6c3ca-5e78-4cda-b6a2-39a314aba931
https://doi.org/10.1080/13549839.2022.2084722
https://doi.org/10.5074/T.2022.004
https://doi.org/10.1016/j.envsci.2018.12.033
https://doi.org/10.1007/978-3-540-48713-5
https://doi.org/10.1007/978-3-540-48713-5

Natural Hazards

Hamideh S, Rongerude J (2018) Social vulnerability and participation in disaster recovery decisions: pub-
lic housing in Galveston after Hurricane Ike. Nat Hazards 93:1629-1648. https://doi.org/10.1007/
s11069-018-3371-3

Hermans LM, Cunningham SW (2013) Actor models for policy analysis. In: Thissen WAH, Walker WE
(eds) Public Policy Analysis: New Developments. Springer, New York, pp 185-213

Herrington J, Parker J, Boase-Jelinek D (2014) Connected authentic learning: reflection and intentional
learning. Aust J Edu 58(1):23-35

Howard N (1987) The present and future of metagame analysis. Eur J Op Res 32:1-25

Janssen S, Vreugdenhil H, Hermans L, Slinger J (2019) On the nature based flood defence dilemma and its
resolution: a game theory based analysis. Sci Total Environ 705:135359. https://doi.org/10.1016/j.scito
tenv.2019.135359

Ketonen-Oksi S, Valkokari K (2019) Innovation ecosystems as structures for value co-creation. Technol
Innov Manag Rev 9(2):25-35

Kim K, Cundiff NL, Choi SB (2015) Emotional intelligence and negotiation outcomes: mediating effects of
rapport, negotiation strategy, and judgment accuracy. Group Decis Negot 24:477-493. https://doi.org/
10.1007/s10726-014-9399-1

Klaassen R, Kothuis B, Slinger JH (2021) Engineering roles in Building with Nature interdisciplinary
design - Educational experiences. In: Bergman J et al (eds) Building with Nature Perspectives. TU
Delft Open, Delft, pp 73-98 (ISBN 9789463663793)

Kothuis BLM, Slinger JH, Cunningham SW (2014) Contested issues game structuring approach - CIGAS
workshop Houston report, results and reflection: Exploring stakeholder-based joint commitment to
action for flood protection decision-making in the Houston Galveston Bay Area. Bees Books Publish-
ers, Amsterdam (ISBN 9789074767170)

MacAskill K (2019) Public interest and participation in planning and infrastructure decisions for disaster
risk management. Int J Disaster Risk Reduct 39:101200. https://doi.org/10.1016/].ijdrr.2019.101200

Marengo JA, Nunes LH, Souza CRG et al (2017) A globally deployable strategy for co-development of
adaptation preferences to sea-level rise: the public participation case of Santos, Brazil. Nat Hazards
88:39-53. https://doi.org/10.1007/s11069-017-2855-x

McEvoy S, van de Ven FHM, Blind MW, Slinger JH (2018) Planning support tools and their effects in
participatory urban adaptation workshops. J Environ Manage 207:319-333. https://doi.org/10.1016/j.
jenvman.2017.10.041

McEvoy S, van de Ven FHM, Brolsma R, Slinger JH (2019) Evaluating a Planning Support System’s
Use and effects in urban adaptation: an exploratory case study from Berlin, Germany. Sustainability
12(1):173. https://doi.org/10.3390/su12010173

McEvoy S (2019) Planning Support Tools in Urban Adaptation. PhD thesis, Delft University of Technol-
ogy, Delft, Netherlands. Available online: https://repository.tudelft.nl/islandora/object/uuid:48b7649c-
5062-4c97-bba7-970fc92d7bbf?collection=research

Mercer J, Kelman I, Lloyd K, Suchet-Pearson S (2008) Reflections on use of participatory research for dis-
aster risk reduction. Area 40(2):172-183

Merrel WJ, Reynolds LG, Cardenas A, Gunn JR, Hufton AJ (2011) The ike dike: a coastal barrier protecting
the Houston/Galveston region from hurricane storm surge. In: Badescu V, Cathcart RB (eds) Macro-
engineering Seawater in Unique Environments. Environmental Science and Engineering, Springer-Ver-
lag, Berlin Heidelberg, pp 692-716. https://doi.org/10.1007/978-3-642-14779-1_31

Mingers J, Rosenhead J (2004) Problem structuring methods in action. Eur J Oper Res 152(3):530-554.
https://doi.org/10.1016/S0377-2217(03)00056-0

Minlen M (2015) Kader zorgplicht primaire waterkeringen. Ministry of Infastructure and the Environment,
Den Haag (in Dutch)

Montero CS, Kapinga AF (2019) Design science research strengthened: Integrating co-creation and co-
design. In: Information and Communication Technologies for Development. Strengthening Southern-
Driven Cooperation as a Catalyst for ICT4D, 2019, Volume 551: 486-495. ISBN: 978-3-030-18399-8.
https://doi.org/10.1007/978-3-030-18400-1_40

Nicaise M, Gibney T, Crane M (2000) Toward an understanding of authentic learning: student perceptions
of an authentic classroom. J Sci Educ Technol 9(1):79-94. https://doi.org/10.1023/A:1009477008671

Nogueira de Andrade MM, Szlafsztein CF (2015) Community participation in flood mapping in the
Amazon through interdisciplinary methods. Nat Hazards 78:1491-1500. https://doi.org/10.1007/
s11069-015-1782-y

Nunes N, Bjorner E, Hilding-Hamann KE (2021) Guidelines for citizen engagement and the co-creation of
nature-based solutions: Living knowledge in the URBINAT Project. Sustainability 13:13378. https:/
doi.org/10.3390/su132313378

@ Springer


https://doi.org/10.1007/s11069-018-3371-3
https://doi.org/10.1007/s11069-018-3371-3
https://doi.org/10.1016/j.scitotenv.2019.135359
https://doi.org/10.1016/j.scitotenv.2019.135359
https://doi.org/10.1007/s10726-014-9399-1
https://doi.org/10.1007/s10726-014-9399-1
https://doi.org/10.1016/j.ijdrr.2019.101200
https://doi.org/10.1007/s11069-017-2855-x
https://doi.org/10.1016/j.jenvman.2017.10.041
https://doi.org/10.1016/j.jenvman.2017.10.041
https://doi.org/10.3390/su12010173
https://repository.tudelft.nl/islandora/object/uuid:48b7649c-5062-4c97-bba7-970fc92d7bbf?collection=research
https://repository.tudelft.nl/islandora/object/uuid:48b7649c-5062-4c97-bba7-970fc92d7bbf?collection=research
https://doi.org/10.1007/978-3-642-14779-1_31
https://doi.org/10.1016/S0377-2217(03)00056-0
https://doi.org/10.1007/978-3-030-18400-1_40
https://doi.org/10.1023/A:1009477008671
https://doi.org/10.1007/s11069-015-1782-y
https://doi.org/10.1007/s11069-015-1782-y
https://doi.org/10.3390/su132313378
https://doi.org/10.3390/su132313378

Natural Hazards

Pearce L (2003) Disaster management and community planning, and public participation: how to achieve
sustainable hazard mitigation. Nat Hazards 28:211-228

Pennekamp F, Adamson MW, Petchey OL, Poggiale J, Aguiar M, Kooi BW, Botkin DB, DeAngelis DL
(2017) The practice of prediction: What can ecologists learn from applied, ecology-related fields? Ecol
Complex 32(B):156-167. https://doi.org/10.1016/j.ecocom.2016.12.005

Pera R, Occhiocupo N, Clarke J (2016) Motives and resources for value co-creation in a multi-stakeholder
ecosystem: a managerial perspective. J Bus Res 69:4033-4041

Ramalingam B, Jones H (2007) Strategic futures planning: a guide for public sector organisations. Ark
Group.

Ranjan KR, Read S (2021) An ecosystem perspective synthesis of co-creation research. Ind Mark Manage
99:79-96. https://doi.org/10.1016/j.indmarman.2021.10.002

Rodgers J, Su G, Qi W, Milledge D, Densmore A, Davis C, England P, Young J, Cao Y, Chakos A, Li
X, Sim T, So E, Parsons B, Sun L, Yu J, Guo C (2020) Creating an earthquake scenario in China: a
case study in Weinan City, Shaanxi province. Int J Disaster Risk Reduct 42:101305. https://doi.org/10.
1016/j.ijdrr.2019.101305

Rouwette EAJA, Vennix JAM, van Mullekom T (2002) Group model building effectiveness: a review of
assessment studies. Syst Dyn Rev 18(1):5-45

Sanders EB-N, Stappers PJ (2008) Co-creation and the new landscapes of design. Co-Design 4(1):5-18.
https://doi.org/10.1080/15710880701875068

Schmidt HG (1993) Foundations of problem-based learning - some explanatory notes. Med Educ
27(5):422-432

Scolobig A (2016) Stakeholder perspectives on barriers to landslide risk governance. Nat Hazards 81:27—
43. https://doi.org/10.1007/s11069-015-1787-6

Slinger JH, Kothuis B (2022) A specific transdisciplinary co-design workshop-model to teach a multi-per-
spective problem approach for integrated nature-based design. In: Brody S, Lee Y, Kothuis B (eds)
Coastal Flood Risk Reduction: Comparisons from the Netherlands and the US Upper Texas Coast.
Elsevier, Amsterdam, Netherlands, pp 377-395

Slinger JH, Vreugdenhil HSI (2020) Coastal engineers embrace nature: characterizing the metamorphosis
in hydraulic engineering in terms of four continua. Water 2020 12(9):2504. https://doi.org/10.3390/
w12092504

Slinger JH, Cunningham SC, Hermans LM, Linnane SM, Palmer CE (2014) A game structuring approach
applied to estuary management in South Africa. EURO J Decis Process 2(3—4):341-363. https://doi.
org/10.1007/s40070-014-0036-7

Slinger JH (2021) Building with nature & beyond. Principles for designing nature based engineering solu-
tions. TU Delft Open Publishing, Delft, Netherlands, p 428. https://doi.org/10.5074/T.2021.006 (ISBN
978-94-6366-457-8)

Smith CM, Shaw D (2019) The characteristics of problem structuring methods: a literature review. Eur J
Oper Res 274:403-416. https://doi.org/10.1016/j.ejor.2018.05.003

Thissen WAH, Walker WE (eds) (2013) Public policy analysis: new developments. Springer, New York.
https://doi.org/10.1007/978-1-4614-4602-6

Thissen WAH, Twaalfhoven PGJ (2001) Towards a conceptual structure for evaluating policy analytic activ-
ities. Eur J Op Res 129:627-649

Thompson L (2011) The mind and heart of the negotiator. Pearson, Boston

Bridges TS, King JK, Simm JD, Beck MW, Collins G, Lodder Q, Mohan RK (eds) (2021) International
guidelines on natural and nature-based features for flood risk management. U.S. Army Engineer
Research and Development Center, Vicksburg, MS

Vallance S (2015) Disaster recovery as participation: lessons from the Shaky Isles. Nat Hazards 75:1287—
1301. https://doi.org/10.1007/s11069-014-1361-7

Van Zandt S, Peacock WG, Henry DW, Grover H, Highfield WE, Brody SD (2012) Mapping social vulner-
ability to enhance housing and neighborhood resilience. Hous Policy Debate 22(1):29-55. https://doi.
org/10.1080/10511482.2011.624528

Vanclay F, Esteves AM, Aucamp I, Franks D (2015) Social Impact Assessment: Guidance for assessing and
managing the social impacts of projects. Fargo ND: International Association for Impact Assessment,
vii4+98 pages. http://www.iaia.org/uploads/pdf/SIA_Guidance_Document_IAIA.pdf

Voinov A, Bousquet F (2010) Modelling with stakeholders. Environ Model Softw 25:1268-1281

‘Vreugdenhil HSI, Janssen S, Hermans LM, Slinger JH (2022) Cooperating for added value: using participa-
tory game theory in implementing nature-based flood defences. Ecol Eng 176:106507. https://doi.org/
10.1016/j.ecoleng.2021.106507

@ Springer


https://doi.org/10.1016/j.ecocom.2016.12.005
https://doi.org/10.1016/j.indmarman.2021.10.002
https://doi.org/10.1016/j.ijdrr.2019.101305
https://doi.org/10.1016/j.ijdrr.2019.101305
https://doi.org/10.1080/15710880701875068
https://doi.org/10.1007/s11069-015-1787-6
https://doi.org/10.3390/w12092504
https://doi.org/10.3390/w12092504
https://doi.org/10.1007/s40070-014-0036-7
https://doi.org/10.1007/s40070-014-0036-7
https://doi.org/10.5074/T.2021.006
https://doi.org/10.1016/j.ejor.2018.05.003
https://doi.org/10.1007/978-1-4614-4602-6
https://doi.org/10.1007/s11069-014-1361-7
https://doi.org/10.1080/10511482.2011.624528
https://doi.org/10.1080/10511482.2011.624528
http://www.iaia.org/uploads/pdf/SIA_Guidance_Document_IAIA.pdf
https://doi.org/10.1016/j.ecoleng.2021.106507
https://doi.org/10.1016/j.ecoleng.2021.106507

Natural Hazards

Wijnberg K, Mulder J, Slinger J, van der Wegen M, van der Spek A (2015) Challenges in developing ‘Build-
ing with Nature’ solutions near tidal inlets. Presented at the Coastal Sediments *15 conference, Under-
standing and Working with Nature, May 11 — 15, 2015, San Diego, CA, USA

Yew EHJ, Goh K (2016) Problem-based learning: an overview of its process and impact on learning. Health
Prof Edu 2:75-79. https://doi.org/10.1016/j.hpe.2016.01.004

Zane DF, Bayleyegn TM, Hellsten J, Beal R, Beasley C, Haywood T, Wiltz-Beckham D, Wolkin AF (2011)
Tracking deaths related to hurricane Ike, Texas, 2008. Disaster Med Public Health Prep 5(1):23-28

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1016/j.hpe.2016.01.004

	A co-design method for including stakeholder perspectives in nature-based flood risk management
	Abstract
	1 Introduction
	2 Theoretical background
	3 Method
	3.1 Access to the local context
	3.2 Contextual embedding of the intervention
	3.3 Participants
	3.4 The co-design workshop
	3.5 Exit strategy

	4 Results
	5 Discussion
	6 Conclusion
	Acknowledgements 
	References


