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Keywords: Urban coastal communities are among the most vulnerable to flood hazards, with these threats set to increase
Climate change adaptation under climate change. Knowledge of how uncertainty shapes passive or proactive local decision-making pro-
Flooding

cesses of climate adaptation remains sparse — with significant potential to inform resilient and sustainable fu-
tures. To understand these decision dynamics, we developed a serious game to simulate the local governance
roles, resources, and assets involved in managing flood risk under uncertain climate scenarios. Using data on the
actions of game workshops conducted in the Philippines, we identify three distinct archetypes of collective
adaptation decision-making: (1) Hierarchical Alliances; (2) Passive Enthusiasts and (3) Deliberative Strategists.
We then examine how these archetypes respond to situational, temporal, choice, and outcome uncertainties
present in climate change scenarios, uncovering six strategies used to act, reduce, supress, and forestall un-
certainties: (a) resource sharing; (b) coordination; (c) early action; (d) mobilising values; (e) transferring
accountability; and (f) risk balancing. Our results show how different archetypes perform in adaptation decisions,
offering new guidance on how to structure local governance mechanisms in flood planning under climate change

Serious games
Disaster risk reduction
Sustainability
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impacts.

1. Introduction

Flood risks are becoming increasingly dynamic due to the accelera-
tion of anthropogenic activities and climate change (Li et al., 2019).
Over the last two decades, flooding affected 1.6 billion people and
inflicted $651 billion (USD) in economic losses (CRED, 2023). Climate
change adaptation has thus become an imperative to improve commu-
nity resilience, especially in the Global South where disaster losses are
highest (Dordi et al., 2022). It is extensively documented that the
implementation of adaptation measures depends upon the capacity and
effectiveness of urban governance and decision-making processes (IPCC,
2023). For this reason, the United Nations Sendai Framework (2015)
recognises that strengthening disaster risk governance is a key priority.
Recent work has highlighted the need for foresight and path-shifting to
establish collective visions and co-production of knowledge necessary
for transformative resilience in urban governance systems (Asadzadeh
et al., 2023).

Moure et al. (2023) suggest that robust adaptation planning de-
cisions are regularly undermined by climate change uncertainties as
individuals tend to respond passively when faced with unknowns. For
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instance, uncertainties persist around the frequency and magnitude of
flood events and the effectiveness of competing policy actions (Mach
et al.,, 2016), encouraging decision-makers to defer adaptation until
more information becomes available. It is crucial for disaster risk
reduction strategies to grasp how individuals perceive risks and make
decisions grounded in those perceptions (Eiser et al., 2012; Opdyke
et al., 2022). Hence, adaptation research can acutely benefit from
empirical investigations which seek to examine why some government
actors proactively implement risk reduction strategies whilst others
remain passive when faced by uncertainties (Abenir et al., 2022; Esteban
& Edelenbos, 2023; Shah & Rana, 2023).

This research aimed to answer the following question: How do local
governments make flood risk reduction decisions when confronted by
uncertain climate futures? The main objectives of this research were to:
(a) delineate the decision-making processes of adaptation governance
archetypes, and (b) investigate how factors of uncertainty impede suc-
cessful adaptation action. By evaluating how the distinctive interactions,
attitudes, and behaviours of decision-makers contribute to protective
action outcomes, this research offers new knowledge of the conditions to
mobilise improved climate change adaptation in local government
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planning practices.
2. Background

Disaster risk governance is a key priority to improve community
resilience and support climate change adaptation (Brower et al., 2014;
Castano-Rosa et al., 2022; Cutter et al., 2012; Hiigel & Davies, 2024).
However, decision-makers are frequently tasked to resolve often
incongruent trade-offs which exist between urban development and
disaster risk reduction processes, made more complex as a consequence
of our changing climate. Our work responds to recent calls for climate
pathway scenario exercises to establish local climate action plans
(Khalid & Okitasari, 2023). Below we explore how disaster governance
and uncertainty intersect and what we know about the way climate
adaptation decisions unfold.

2.1. Disaster governance and uncertainty

The difficulties which arise in climate change scenarios coincide with
Lipshitz and Strauss’ (1997) sources of uncertainty in decision-making,
which stipulate that uncertainties pertain to the situation at hand, the
choice which must be made and the potential outcomes of such choice.
Moure et al. (2023) extend Lipshitz and Strauss’ classification to
recognise the intrinsic relationship between uncertainty and time, as
choices may be sensitive to different time frames, including temporal
scales as a fourth source of uncertainty. Today, the critical typologies of
decision-making uncertainty are widely recognised to fall into two
distinct categories (Maier et al., 2016); (i) epistemic uncertainties result
from inadequate or contingent knowledge regarding the causes and ef-
fects of a particular problem, and (ii) aleatory uncertainties describe the
occurrence of doubt due to natural variability of future outcomes.
However, in the context of strategic planning and policy, additional
uncertainties may arise. Lidskog et al. (2005) recognises that (iii) insti-
tutional uncertainties develop as a consequence of perceived in-
congruences in decision-making or subsequent recommendations
amongst relevant actors. Heazle (2010) also identifies that the absence
of shared values and norms between decision-makers contribute to the
development of (iv) normative uncertainties which result from attempting
to prioritize a shared objective.

There is a consensus among scholars that uncertainties act to
impinge upon effective decision-making as individuals tend to respond
passively when faced by unknowns (Garschagen et al., 2021; Kiem et al.,
2014; Maier et al., 2016; Moure et al., 2023; Winkler, 2016). For
instance, decision-makers deliberately delay their actions by stalling or
denying the presence of uncertainties (Moure et al., 2023). An example
of inaction due to uncertainty is exemplified by Findlater et al. (2019)
who found that residents in flood prone regions of South Africa were
hesitant to adopt innovative farming practices to combat increased
variability in rainfall patterns as they did not know whether climate
conditions would remain constant or change. This is not an isolated case,
rather the tendency to react passively in response to risk uncertainties
has been continually reported to impede the adaptation actions of
decision-makers globally (Siders & Pierce, 2021; M. S. Smith et al.,
2011; Styczynski et al., 2014).

2.2. Response archetypes for climate change adaptation

Gallego and Tejero (2023) extend this consideration of behavioural
inaction, acknowledging that communities are not faced with the binary
decision to adapt or remain passive against disaster risk, rather these
efforts reside on a continuum. The state of protective action on the
continuum (i.e., passivity and responsiveness) can be understood by
partitioning the attitudes, beliefs, and behaviours of actors into smaller
homogeneous sub-groups or archetypes that reflect systematic differ-
ences in decision-making processes which contribute to varying out-
comes of protective action (ibid). Archetype analysis has been
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increasingly employed to identify recurring patterns in the behavioural
factors shaping social-ecological systems (Oberlack et al., 2019; Sietz
et al.,, 2019). For example, behavioural characterisation has defined
archetypical responses to bushfire threats (Strahan et al., 2018), natural
resource scarcity (Frey, 2017), food security (Sietz et al., 2017) and
climate change vulnerability (Vidal Merino et al., 2019). The human
characteristics which distinguish decision-making tendencies between
archetypes are dependent on external determinants (such as community
dynamics i.e., socio-ecological context or access to information) and
internal determinants (such as psychosocial factors i.e., self-efficacy or
threat perception). Moure et al. (2023) put forward four overarching
categories of uncertainty responses (depicted in Fig. 1), adapted from
Lipshitz and Strauss’ (1997) framework. Acting upon uncertainty is the
recognition of future risks and taking action against them, and reducing
uncertainty involves the seeking or sharing of information or knowledge
(Moure et al., 2023). Suppressing uncertainty is the ignoring or denying
of uncertainties, and forestalling uncertainty involves the deliberate
delaying of actions and decisions under uncertainties (Ibid).

Such stratification is useful in understanding the differences in how
people perceive and respond to threats (Strahan et al., 2018), where
varied perceptions and motivations of archetypal groups can assist in
developing social-ecological policy to increase the effectiveness and
relevance of strategic programmes (Jager et al., 2015), ultimately
seeking to bridge the gap between global narratives and local realities.
Individual risk perception has generally been found to be not based in
physical exposure (Mayer et al., 2017), but rather is socially constructed
within specific local contexts determined by culture, media (E. K. Smith
& Mayer, 2018), political ideology and pressure (Patterson, 2021), and
privilege (Birchall & Kehler, 2023; Hamilton et al., 2016; Marquart--
Pyatt et al., 2014; Mayer et al., 2017). Birchall and Kehler (2023) found
that when tasked with climate change adaptation, political and public
actors avoided action through denial and discretion. While the system-
atic differences in decision-making processes have been documented for
varying social-ecological systems, limited attempt has been made to
develop archetypes which describe the tendencies for local governance
to assume protective behaviours against disaster risk along the
passivity-responsiveness continuum.

To rationalise why government authorities implement risk reduction
strategies, decision-making processes can be systematically analysed
under Rodgers’ (1975) Protection Motivation Theory (PMT). This
socio-psychological model stipulates two notions that provide reason for
an individual’s motivation to engage with maladaptive or protective
behaviour: threat appraisal and coping appraisal (Kothe et al., 2019).
Gumasing et al. (2022) describes threat appraisal to capture an in-
dividual’s perception of hazard severity and perception of personal
vulnerability to the effects of said hazard. It is suggested that a positive
function exists between the probability of engaging with adaptation
action and the magnitude of perceived risk (ibid). Coping appraisal is
defined by an individual’s assessment of their ability to manage a
particular risk, influenced by self-efficacy, response efficacy and
response cost (Villamor et al., 2023). If a respondent has confidence in
the effectiveness of a protective action to manage risk (response effi-
cacy) and assurance in their capability to implement the action (self--
efficacy) at a feasible cost, PMT suggests a protective response will ensue
(Xie et al., 2019).

To strengthen the implementation of disaster risk policy and
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Fig. 1. Continuum of uncertainty responses.
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participatory resilience (Mahajan et al., 2022), it is critical to develop a
holistic understanding of the motivations of local governments, as well
as identify the factors that impede or accelerate adaptation action.
Active collaboration between government actors has been identified as a
critical factor positively associated with higher policy outputs and more
productive decision-making outcomes for disaster risk reduction and
climate change adaptation (Kalesnikaite, 2019), including shared goals
(Pregnolato et al., 2024). Such collaboration relies upon active dialogue
and trust amongst stakeholders to increase information-sharing,
generate social capital and drive innovative action to increase pre-
paredness at the local level (Gaillard et al., 2013). Moallemi et al. (2023)
extends this understanding, recognising the importance of diversified
collaboration in the support of decision-making, to ensure solutions
reflect the interests of all participants including elite and marginalised
groups. Alternatively, an imbalanced representation of opinion may
result in unsuccessful solutions due to the absence of support or legiti-
macy (Moallemi et al., 2023). Yet, diverse teams brought together in
disaster risk management may differ in levels of familiarity and can be
associated with varying objectives or priorities, threatening the degree
to which activities are characterised by trust (Dietz et al., 2010).

2.3. Serious games as simulation tools

Serious games, games used for purposes other than entertainment,
can be implemented as effective tools to interactively explore climate
futures (Flood et al., 2018) and test strategies to real world problems in a
safe, low stakes environment (Wu & Lee, 2015). While gaming has
gained popularity as an educational mechanism for social learning
(Ghodsvali et al., 2022; Mochizuki et al., 2021), it can also be used to
simulate the social and technical complexities between climate change
and disaster risk to understand stakeholders’ reactions to different sce-
narios (Fleming et al., 2020; Gao et al., 2021). In the context of disaster
risk reduction, serious games have been used as a method to explore
planning alternatives, vulnerabilities, and hazard information in an
interactive environment (Avendano-Uribe et al., 2022; Solinska-Nowak
et al., 2018; Tsai et al., 2020; Villagra et al., 2023). Risk management
decisions are often complex and contested between competing stake-
holders, with serious games enabling participants to role play different
decision-making contexts (Mendler de Suarez et al., 2012). Serious
games can thus be a mechanism to examine climate and disaster man-
agement dilemmas and enable the realistic exploration of uncertainties.

The practice of utilising gaming scenarios to analyse behavioural
tendencies and responses has been seen across multiple contexts
including flood risk management (Liao et al., 2023; Toyoda & Tanwat-
tana, 2023; Khoury et al., 2018), climate change adaptation (Abad et al.,
2020; Hiigel & Davies, 2024; Sillanpaa et al., 2024), resilience (De Fino
etal., 2023; Heinzlef et al., 2024; Villagra et al., 2023) and sustainability
(Ghodsvali et al., 2022; Madani et al., 2017). For example, Abad et al.
(2020) identified barriers to effective collaboration in climate change
adaptation and disaster risk reduction policymaking through analysis of
government officials’ communication using a serious game coined
“RAMSETE” (Risk Assessment Model Simulation for Emergency
Training Exercise). Liao et al.’s (2023) Levee Dilemma game was used to
examine social implications, communication and the influence of
climate uncertainty on players’ decision-making in flood management
scenarios, uncovering the importance of civic engagement in policy and
public education on climate uncertainty for improved risk balancing
outcomes. As these examples attest, serious games offer a means to test
and understand communication behaviours and decision-making pro-
cesses of government actors when faced by uncertainties.

3. Methods
This research developed a serious game to examine collective flood

risk decision-making in local governance under climate change un-
certainties. We provide an overview of the game development first,
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before describing gaming workshops run in the Municipality of Car-
igara, located in the province of Leyte in the Philippines. These work-
shops were used to cluster recurring strategies that underpin local
governance, flood risk management and adaptation decision-making
into distinct archetypes.

3.1. Phase 1: serious game development

We conducted initial scoping work in Carigara to benchmark climate
change adaptation understanding within the local government. This step
was also critical to embed local knowledge, civil beliefs, and real-world
parameters in the Philippines into our game design to ensure relevance
and appropriateness (Hadlos et al., 2022; Sanogo et al., 2017; Sautier
et al., 2017). Carigara was chosen as the case site for this research as the
low-lying coastal settlements of the municipality make this region
particularly vulnerable to the impacts of hydrological hazards and
climate change. The province of Leyte has seen some of the highest
disaster impacts nationally across the Philippines (Gray et al., 2022;
Lloyd et al., 2022). It was our goal to target government leaders at the
municipal and community level as this is where significant risk gover-
nance takes place in the Philippines (Alcayna et al., 2016; Blanco, 2015).

Fourteen semi-structured key information interviews (KIIs) and three
focus group discussions (FGDs) were conducted with representatives of
relevant local government unit (LGU) offices and other key community
stakeholders. Local government offices included the Municipal Disaster
Risk Reduction and Management Office (MDRRMO), the Municipal
Planning and Development Office (MPDO), the Municipal Health Office
(MHO), and Municipal Agriculture Office (MAO). Other stakeholder
groups involved included the largest local farming association, barangay
captains (community leaders of the smallest administrative division in
the Philippines), and local sangguniang kabataans (SKs), or youth as-
sociations. We focused on three themes: (1) how disaster risk assess-
ments and climate change adaptation strategies are currently
implemented, (2) knowledge flows between government and commu-
nity stakeholders, and (3) local preferences for gameplay. For example,
we asked: “How do you think climate change will impact your LGU?” and
“What are the barriers to implementing climate change policies at the LGU
level?” Additionally, to capture game understanding and norms,
example questions included, “What were your favourite childhood games?
Or do you play any computer or board games?” Interviews were conducted
in a mix of English and Waray — the local language — recorded, translated
(where required), and transcribed.

We also involved 19 participants of the FGDs and KlIs in a game
workshop to investigate local gaming preferences and identify mecha-
nisms of gameplay which promoted cooperative decision-making. We
invited participants to play traditional Filipino games, such as Sungka, a
two-player turn-based board game wherein the players compete to
obtain more stones (Benavidez, 2023). We also used other popular
games, including Catan and Pandemic. The games selected for this ses-
sion were intentionally varied to observe how local participants engaged
with different game formats. Fieldnotes were recorded by a research
team member for each group, noting how participants engaged with
game elements. We then qualitatively analysed and grouped themes
across both our observations, KIIs, and FGDs, seeking to group relevant
themes to inform the second stage of game design.

3.1.1. Game design

Drawing on lessons from the first phase of data collection to con-
textualise gaming elements, we aimed to increase the credibility of
gameplay by triggering emotional pathways of players (Caserman et al.,
2020; Razali et al., 2022). We targeted character, narrative, setting,
aesthetic, and game mode elements to embed Filipino themes and mo-
tifs. For example, game characters were chosen to reflect realistic roles
such as a barangay captain (local leaders in the Philippines). Addition-
ally, activity cards were used to contextualize the game narrative to
reflect common Filipino traditions such as fiestas or karaoke. At the
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same time, we also made these elements easily substitutable so that the
game could be adapted for different national contexts. During devel-
opment, the game was tested by stakeholders including members of our
research team and local government representatives from the Municipal
Disaster Risk Reduction Management Office in Carigara. Feedback from
these sessions was applied to iteratively improve the mechanics of the
game.

3.1.2. Game overview

The objective of our game is for players to work together to make
their community resilient against flooding. We provide a summary of the
key game elements below, including the procedure of play, the imple-
mentation of adaptation actions, the occurrence and impact of flood
events, the climate tracker, and the game outcomes. The main game
features are depicted in Fig. 2. The full game materials are available in
Opdyke et al. (2024) and are free to download here: https://doi.org/
10.25910/0vev-ab45.

3.1.2.1. Procedure of play. There are three rounds of gameplay. A
character’s turn involves (1) picking up and playing an action card, (2)
moving their pawn up to four consecutive locations on the gameboard,
(3) purchasing an adaptation strategy if the player has sufficient cur-
rency to do so, (4) giving currency to other players if they wish to do so,
and to finish the turn (5) collecting two currency cards from the central
bank.

3.1.2.2. Game board & location tiles. The game board is comprised of
location tiles representative of community infrastructure, such as a
barangay hall, an LGU office or a school. Each location has an assigned
number of starting resilience tokens (RTs) to represent its vulnerability
to flood events. A location’s resilience can be increased by playing
adaptation actions, or decreased when a flood event occurs.

3.1.2.3. Adaptation actions. To increase a location’s resilience, players
can purchase an adaptation strategy to implement on their turn using
their currency — which include both Philippine pesos and power. The
former of these represents a monetary currency and the latter a form of
social capital. The list of climate change adaptation strategies used was
selected from the Philippine Atmospheric, Geophysical and Astronomi-
cal Services Administration of the Department of Science and

Player Menus Action Cards

Climate Tracker

Location Tiles
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Technology (DOST-PAGASA et al., 2020). Information regarding each
adaptation strategy and its associated cost are provided to players on
their character menus, with these tailored to different player roles. Some
adaptation strategies cost more but have corresponding higher impact —
signified by the number of resilience tokens (RTs) that are added to a
location. When a location obtains eight resilience tokens, it has achieved
a state of full resilience and cannot be impacted by future flood events.

3.1.2.4. Flood events. Shuffled throughout the action card deck are
flood hazards, naming zones of the community subject to the potential
impacts of a flooding event. If a flood hazard card is pulled, the severity
of the flood is determined by rolling the game dice, and players must
remove the corresponding number of resilience tokens from the loca-
tions in the affected zone(s).

3.1.2.5. Climate tracker. The number of dice rolled for a flood event can
change in gameplay. In the near term, climate risks are well known,
while the extent of future impacts experienced by the changing climate
is uncertain. Therefore, the game is moderated by a climate tracker, to
recognise plausible climate resilient development pathways (CRDPs)
which we adapted from the Intergovernmental Panel on Climate Change
(IPCC, 2023). CRDPs are trajectories in time which navigate near-term
trends in climate adaptation and mitigation measures, leading to spe-
cific climate futures (Haasnoot et al., 2013). The uncertainty associated
with achieving specific pathways and climate outcomes challenges
policymakers as the magnitude of impacts are unknown (IPCC, 2023).
To represent this uncertainty, players roll the number of dice specified
by the climate tracker when a flood event occurs.

3.1.2.6. Game outcomes. The result of the game is determined by (1) the
number of locations which are made fully resilient versus (2) the number
of locations which are destroyed. This metric provides feedback to
players through the resilience tracker which is adjusted as the game un-
folds. Short epilogue descriptions are provided to players for each of the
four levels on the resilience tracker. Players have excelled in the game
when the resilience tracker resides on green and have failed in the game
when the resilience tracker resides on red, with corresponding
narratives.

Currency Cards

Board

Fig. 2. Game elements and board setup.
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3.2. Phase 2: game data collection and analysis

A total of eleven gaming sessions, involving 62 players, were con-
ducted. Participants were recruited from the same six local government
departments and community organisations identified during the first
phase, selected due to their decision-making relevance and capacity for
flood risk reduction decision-making within the LGU. Participants
included both senior and junior departmental staff with varying levels of
expertise. Gaming rounds were structured with both homogeneous and
heterogeneous teams of six to seven players. Teams were classified to be
homogeneous if participants originated from the same department and
heterogeneous if participants originated from mixed departments.
During each gaming session three forms of primary data were collected
to examine decision-making tendencies: in-game observations, pre- and
post-game surveys, and field notes.

In-game observations were recorded to track the actions of each
player as the game progressed. This included the number of resilience
tokens implemented per turn through adaptation strategies, the loca-
tions impacted by flood events, and the type of adaptation actions
implemented. Surveys were administered before and after gameplay
using either a paper hard copy or using Qualtrics — a digital survey
platform — on a laptop or phone. The pre-game questionnaire was used
to define player profiles, assess player knowledge of flood hazards, and
examine player confidence in personal understanding of climate change
impacts. For example, participants were asked to express their level of
agreement with various statements on a 5-point Likert scale, “I feel
comfortable prioritising resources and time for climate change adaptation.”
The post-game questionnaire was used to gather feedback and investi-
gate how players managed the uncertainties of gameplay. For example,
players were asked “What was the largest challenge to winning the game?”
and “How did the game impact your understanding of the uncertainty of
climate change impacts?”. Field notes were also taken by an observer to
document remarks and strategies adopted by players during gameplay,
such as the extent and type of collaboration displayed in each gaming
session.

3.2.1. Archetype analysis

To synthesise recurring strategies from the gaming sessions, we
applied archetype analysis through content analysis and clustering to
identify ‘thick’ descriptions of casual factor configurations (Sietz et al.,
2019). Five critical determinants emerged to distinguish the gaming
sessions. These determinants included (1) team composition, (2) the
level of collective efficacy, (3) the extent and mode of collaboration in
gameplay (4) location targeting preferences, and (5) adaptation choices.
From literature, we knew that team composition (Moallemi et al., 2023;
Godschalk, 2003), collective efficacy (Bostrom et al., 2019; Xie et al.,
2019) and collaboration (Dwirahmadi et al., 2019; Kalesnikaite, 2019)
were going to be important but did not know how they would manifest
and we thus took an inductive approach to identity patterns within these
determinants. The final two determinants — location targeting prefer-
ences and adaptation choices — emerged as significant behavioural di-
mensions of decision-making from observations of gameplay.

Group composition was introduced to classify gaming sessions ac-
cording to the backgrounds of participants. Diverse teams may differ in
levels of familiarity which may threaten the degree to which actors trust,
communicate and navigate challenges of gameplay. However, teams
composed of diverse organisational representatives may integrate their
respective contributions in complementary ways (Moallemi et al.,
2023). To investigate these dynamics, teams were classified to be ho-
mogenous where all players were from the same organisation or
department, and mixed groups were labelled as heterogeneous.

Collaboration captured the extent and mode of cooperation in each
gaming session. The following three distinct modes of interaction and
negotiation were emergent from gameplay. Firstly, ad-hoc collaboration
was assigned to describe games with limited cooperation between ac-
tors. For example, sessions were assigned to this category if actors were
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conversational but avoided deliberation, rather conserving discussion
for emphatic celebrations or commentary of gameplay. Secondly, games
with strong hierarchical structures described sessions that contained
players with dominating personalities whose influence governed.
Finally, network-orientated collaboration emerged from games with
relatively uniform power managed equally between actors. These games
contained players who facilitated knowledge and perspective sharing.
Each game was assigned to a class of collaborative action on account of
the direction and exchange of information observed in gameplay by a
research team member and validated using post-game discussions with
participants.

Collective efficacy summarised the level of cumulative confidence
exhibited by individuals in each gaming session. When a respondent has
confidence in the effectiveness of an adaptive action to manage risk
(response efficacy) and assurance in their capability to implement the
action (self-efficacy), theories of protective motivation suggest a
response will ensue (Bostrom et al., 2019; Xie et al., 2019). Therefore,
this characterising feature of gameplay pertains to willingness to engage
in adaptive action for risk reduction. Accordingly, the pre-game ques-
tionnaire was used to evaluate collective response efficacy using an
aggregate of individual questionnaire scores to form a wholistic rating of
efficacy per gaming session. The following statements, answered using a
Likert scale from strongly disagree to strongly agree, were used to
determine collective efficacy:

e Disasters are a product of our development choices.

I understand why some areas are more impacted by floods than
others.

I understand how climate change will impact flood risk.
Tunderstand the differences between the cause of climate change and
planning for its impacts.

I feel comfortable prioritising resources and time for climate change
adaptation.

I acknowledge that compromise/negotiation between stakeholders is
important to achieve climate adaptation goals.

Climate change impacts are certain.

Likert scale answers were converted to values and then standardised.
We ran a Cronbach’s Alpha test which confirmed a high level of internal
consistency (0.823) among the seven questions. Games were then
stratified using standard deviation as a measure of dispersion such that
three groups of collective efficacy — low, moderate, and high — were
defined on account of a game’s proximity to the mean efficacy rating.
For instance, collective efficacy ratings falling more than one standard
deviation below the mean were classified as low, those falling within one
standard deviation either side of the mean were considered medium and
those more than one standard deviation above the mean were classified
as high.

Location preferences were categorised to understand the prioritisation
of resilience building, where it occurred, and the timing with which it
ensued in gameplay. Locations that were targeted for adaptation stra-
tegies were grouped into low, medium, or high resilience locations based
on their assigned number of starting resilience tokens. Low resilience
locations started with two or three resilience tokens, medium resilience
locations started with four resilience tokens, and high resilience loca-
tions, started with five or six resilience tokens. These break points were
determined to ensure there was as close to an even split between the
classifications as possible. Using recorded game observations, the
number of low, medium, or high resilience locations targeted in each
round were tallied. Heat maps were generated to illustrate the frequency
with which each group of locations were targeted in each round of each
game.

Adaptation preferences captured the types of adaptation actions used
in gameplay and the timeliness of those investment decisions. Three
typologies of adaptation were classified based on the impact of a
selected adaptation strategy, quantified by resilience tokens, and the
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cost to purchase. The typologies of adaptation were defined to be high
impact, high cost (HIHC) strategies which came at a cost of five or more
currency cards to implement and offered five or more resilience tokens
in benefit. Low impact, low cost (LILC) strategies were defined as between
two and four currency cards to implement and offering two and four
resilience tokens. No impact (NI) strategies required a contribution of
one currency card or no currency contribution to implement one resil-
ience token or no resilience tokens. Trends in the implementation of
adaption strategies were visualised using heat maps to identify the type
of adaption strategies players preferred to implement during different
rounds of gameplay, giving insight into the timeliness of investment
decisions.

To assemble these components into archetypes of decision-making,
we used grounded theory - the identification of repeatedly occurring
themes and subsequent analysis to uncover underlying explanations and
associated groupings (Moser et al., 2019; Glaser & Strauss, 2017; Walsh
et al., 2015). This approach is consistent with contemporary archetype
analysis (Eisenack et al., 2019, 2021). After games were categorised into
determinants, trends across these classifications were identified by
iterative and recursive grouping of similar traits. Causal explanations of
these archetypes were tested for coherency and conformity with other
game sessions. This iterative theory building process established con-
sistency amongst the archetypes.

3.2.2. Game analysis

To determine how the archetypical choices of decision-makers
impacted their performance in gameplay, metrics for assessing the
outcomes of gaming sessions were established to be (1) the number of
location tiles which were brought to full resilience (measured as 8
resilience tokens) and (2) the number of location tiles which were
destroyed (lost all of their resilience tokens). Ultimately, we were
interested in how teams maximised the number of locations made fully
resilient, and the number of locations destroyed was reduced. Situa-
tional, temporal, choice and outcome uncertainties were analysed through
when, where, and how participants were able to build resilience. We
qualitatively coded field notes of our game observations and open-ended
responses provided in post-game surveys to identify themes relating to
each type of uncertainty and disaggregated these by the above identified
decision archetypes. For example, we deductively identified where un-
certainty in gameplay was being reduced (e.g., available resources) and
the strategies mobilised (e.g., resource sharing).

4. Results and discussion

In this section we present three distinct archetypes of collective
adaptation decision-making that emerged. We will first outline the
characteristic traits which differentiate archetypical governance co-
horts, followed by an exploration of the prioritisation and trade-off de-
cisions made by each archetype, and the impact climate uncertainty had
on those choices. The implications for policy, planning, and practice will
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then be discussed. The determinants for each game session are sum-
marised in Table 1, including their assigned archetype.

4.1. Hierarchical alliances

The Hierarchical Alliances (HA) archetype was observed in 18 % of
gaming sessions. This archetype characterised teams who relied on the
leadership of few elite actors to direct decision-making. These in-
dividuals tended to be decisive, projecting authority and taking com-
mand of the entire group, without providing a platform for others to
suggest strategies or ideas. Such behaviour was apparent in teams
originating from homogeneous government departments who exhibited
low to moderate levels of collective confidence in their ability to engage
in adaptive action for disaster risk reduction. Therefore, when faced
with uncertain climate scenarios, decision-makers were comfortable
conforming to the guidance of a familiar powerful actor within the
group. Location targeting preferences under this archetype tended to be
for low resilience locations for all three rounds of the game. Throughout
gameplay decision-makers demonstrated no preference for a particular
class of adaption investment which led to no uniform strategy in the use
of resources or prioritisation of time, as depicted in Fig. 3, which illus-
trates the initial ambiguity of decision-makers who chose to passively
execute no impact (NI) or low impact, low cost (LILC) adaptation stra-
tegies. However, when directed by authoritative members of their team
nearing the conclusion of gameplay, high impact, high cost (HIHC)
strategies were chosen for implementation.

4.2. Passive enthusiasts

The Passive Enthusiasts (PE) archetype was observed in 45 % of
gaming sessions. This archetype was characterised by teams who
engaged in ad-hoc collaboration. The passive tendency accompanied
teams who exhibited low levels of collective confidence in their ability
to engage in adaptive action. This low efficacy often led to indecisive-
ness, for example, one participant remarked that the largest challenge to
successful game outcomes was “coming up with strategies”. Preference
was low impact, low cost (LILC) or no impact (NI) adaptation strategies
to marginally reinforce vulnerable assets without obligating resources
towards the implementation of high impact, high cost (HIHC) strategies,
which were avoided. The consistent implementation of LILC and NI
strategies across all rounds of gameplay is depicted in Fig. 3. Similarly,
groups appeared to have no apparent preference for targeting locations,
likely due to a lack of risk knowledge and low confidence leading to
indecisiveness.

4.3. Deliberative strategists

The Deliberative Strategists (DS) archetype was observed in 36 % of
gaming sessions. This archetype was characterised by network-
orientated collaboration where power was managed equally among

Table 1
Archetype determinants and distribution of location and adaptation preferences.
Archetype Game Sessions Group Composition Collaboration Collective Efficacy  Location Adaptation
Preference Preference
Hierarchical Alliances (HA) G1, G8 Homogeneous Hierarchical Moderate Low 50% NI 48%
Medium 28% LILC 40%
High 22% HIHC 13%
Passive Enthusiasts (PE) G2, G3, G5, G7, G11 Homogeneous or Heterogeneous Ad-hoc Low to Moderate Low 38% NI 36%
Medium 34% LILC 64%
High 28% HIHC 0%
Deliberative Strategists (DS) G4, G6, G9, G10 Heterogeneous Network-orientated Moderate to High Low 30% NI 28%
Medium 38% LILC 62%
High 32% HIHC 9%

NI - no impact; LILC — low impact, low cost; HIHC — high impact, high cost.
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Fig. 3. Heatmaps of Adaptation Strategy Choices and Targeted Locations.

decision-makers. Collective action governed this archetype, with per-
spectives acknowledged and considered before proceeding with de-
cisions. For example, one participant from The Deliberative Strategists
commented that to “protect the community [we must] hold on
together.” A core targeting strategy for this archetype was a preference
for low resilience locations early in the game before prioritising medium
to high resilience locations in the first and second rounds. Additionally,
the strategic decisions of participants were deliberated to identify
common ground through negotiation, creating considered risk man-
agement pathways, while also embracing a plurality of perspectives.
This archetype placed importance on obligating resources towards the
implementation of high impact, high cost (HIHC) strategies at the outset
of gameplay to minimise disaster risk, as evidence in Fig. 3. Low impact,
low cost (LILC) and no impact (NI) adaptation actions were employed to
supplement the resilience of vulnerable assets at the conclusion of
gameplay. These patterns originated from heterogeneous government
departments who exhibited moderate to high levels of collective confi-
dence in their ability to engage in adaptive action. While decision-
makers exhibited assurance in the effectiveness of their proposed stra-
tegies to manage disaster risk, discussions were unhurried, and policies
were employed deliberately.

Table 2
Summary of game outcomes by session.

4.4. Game outcomes

Game outcomes were used as markers for the “success” of each game
session in managing flood risks. The number of locations destroyed or
made fully resilient, and the extent of flood impacts are outlined in
Table 2, including the mean values for each archetype. All games started
with 61 resilience tokens (RTs) and the flood severity ranged from 0 to 4,
across the affected zones, for the four flood occurrences.

The Hierarchical Alliances and the Passive Enthusiasts had a similar
number of locations destroyed (HA = 4.5, PE = 4.8) and locations made
fully resilient (HA = 10, PE = 9.6). When considering the proportion of
destroyed locations to resilient locations, differences became apparent
in the performance of each archetype. Despite having the fewest fully
resilient locations (DS = 8), the Deliberative Strategists also had the fewest
destroyed locations in comparison to the other archetypes (DS = 3), with
the highest ratio of fully resilient to destroyed locations. This suggests
that the Deliberative Strategists were more effective at risk balancing than
the other archetypes. For every one location destroyed, 2.25 locations
were made resilient for the Hierarchical Alliances, 2.56 for the Passive
Enthusiasts and 3.33 for the Deliberative Strategists. The Deliberative
Strategists lost the least locations and proportionally made the most lo-
cations resilient. Other studies relating to decision-making of public

Game Session Archetype Destroyed Locations Resilient Locations Ratio of Resilient to Destroyed RTs Added RTs Lost Final RTs Mean Flood Severity
Gl HA 5 10 2.00 44 39 66 1.2
G8 HA 4 10 2.50 65 32 94 1.4
G11 PE 2 10 5.00 54 14 101 1.6
G3 PE 3 9 3.00 60 36 85 1.4
G2 PE 6 10 1.67 46 33 74 1.6
G5 PE 5 10 2.00 64 31 94 1.8
G7 PE 8 9 1.13 52 35 78 2.4
G6 DS 2 11 5.50 54 15 100 1.0
G4 DS 1 4 4.00 63 25 99 1.2
G10 DS 4 8 2.00 63 39 85 1.4
G9 DS 5 9 1.80 57 33 85 1.6
Mean Values HA 4.5 10.0 2.25 54.50 35.50 80.00 1.30
PE 4.8 9.6 2.56 55.20 29.80 86.40 1.76
DS 3.0 8.0 3.33 59.25 28.00 92.25 1.30
All 4.1 9.1 2.78 56.55 30.18 87.36 1.51

HA - Hierarchical Alliances (red); PE — Passive Enthusiasts (yellow); DS — Deliberative Strategists (blue).
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organisations and climate adaptation have found similar levels of
institutional logics and performance (Zhang & Welch, 2023). In partic-
ular, this aligns with growing scholarship pointing to the importance of
participatory governance structures and the ‘redistribution of expertise’
(Hiigel & Davies, 2020).
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We also observed differences across archetypes in when they built
resilience. The cumulative resilience tokens for each game, which track
the number of resilience tokens on the board for every turn, are illus-
trated in Fig. 4, disaggregated by archetype. In the first round, the
Deliberative Strategists tended to build the most resilience, followed by
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Fig. 4. Game pathways depicted by total resilience across rounds.
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the Passive Enthusiasts, with the Hierarchical Alliances moving at a slower
pace, as seen by the gradients for the first 6-7 turns of each game. Our
results align with scholarship in organisational theory which shows how
small wins can be amplified for sensemaking (Termeer et al., 2017).
While studies have called for incremental, transformative, and trans-
formational adaptation (Allen et al., 2023; Filho et al., 2023), our
findings point to the growing importance to link these (Heijden, 2023).

4.5. Understanding decision-making under uncertainty

We identified four sources of uncertainty that arose (or were
imposed) in our study: situational, choice, outcome, and temporal (Lipshitz
& Strauss, 1997; Moure et al., 2023). Uncertainty is faced either
passively, for example by ignoring the problem, or actively, such as
establishing safeguards (i.e., building resilience in the game) (Bijlsma
et al.,, 2011), and be classified using Moure et al.’s (2023) four over-
arching categories of uncertainty responses, adapted from Lipshitz and
Strauss’ (1997) framework — acting upon uncertainty, reducing uncer-
tainty, suppressing uncertainty, and forestalling uncertainty. Each arche-
type’s responses to the different sources of uncertainty can be
categorised along Gallego and Tejero’s (2023) Response Continuum,
which describes the spanning tendencies of individuals ranging from
inaction, compliancy, and non-optimisation of mitigation strategies to
assertive behaviours that seek to build resilience and minimise exposure
to disaster risk (Gallego & Tejero, 2023). We suggest extending the
Response Continuum to include proactive behaviours (i.e., ranging from
passive to reactive to proactive). The categorisation of each archetype’s
uncertainty responses and their position along the Response Continuum
are illustrated in Fig. 5. The absence of uncertainty responses for some
archetypes, particularly the Passive Enthusiasts, should not be conflated
with passive uncertainty responses (e.g., forestalling and supressing),
but rather a lack of cohesive reaction.

4.5.1. Situational uncertainty

The situation presented was unique to each game, with participants
put into different roles, limited information available on how climate
change would unfold in the game, and a lack of guidance on what
approach to take to manage flood risks. These, and other conditions,
created ambiguity in how to act. We saw two primary responses to
situational uncertainty which included: (1) resource sharing and (2)
coordination.

Game play reflected uncertainty over resources (e.g. financial and
institutional capital), which often limits CCA and DRR action (Dwir-
ahmadi et al., 2019). One participant noted that inadequate resources
were “limiting the players’ [ability to make] moves.” We saw the

Response Continuum
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Deliberative Strategist groups strategically sharing currency (in 75 % of
games) to reduce situational uncertainty and stabilise their access to
resources. This gave higher certainty over the resources each player
would have at their disposal and expanded the menu of options they
could then implement. We observed limited to no sharing of currency in
any games of the Hierarchical Alliance or the Passive Enthusiast arche-
types. The second response we observed was coordination, which saw
groups allocate tasks and formulate strategy to reduce unknowns of the
situation. As an example of how this was employed by the Hierarchical
Alliance archetype, in session G8, the group acted upon uncertainty
through coordinated efforts to save currency early by all players using
only the no-cost adaptation strategy (‘volunteering’), thus freeing future
resources to target higher impact adaptation strategies. This strategy
reduced uncertainty in how other players would act once agreed. This
style of coordination was driven by the group’s hierarchy, but we saw
similar levels of coordination mobilised by the Deliberative Strategist
groups.

4.5.2. Temporal uncertainty

Temporal uncertainty manifested through the random occurrence of
flood events, challenging decision-making regarding when to build
resilience. It meant decision-makers needed to make assumptions about
the future state of their community, such as when and where climate
change impacts might manifest, to make planning and implementation
decisions. One participant stated, “The largest challenge to winning the
game is the inability to determine when a disaster will happen.” Temporal
uncertainty was deliberately manufactured into the game mechanics,
however, was responded to differently by each archetype through their
adaptation investments, location targeting preferences and the timing of
these decisions. This response to temporal uncertainty was broadly
categorised as early action.

The Deliberative Strategists acted upon temporal uncertainty by tar-
geting low resilience locations early in the game to minimise their risk of
becoming destroyed later, then moving on to higher resilience locations.
These decision-makers found value in targeting their resources towards
locations early, rather than later. The Hierarchical Alliances suppressed
uncertainty by steadily focusing on low to medium assets throughout all
three rounds, and only using high impact adaptation strategies late in
the game. The Passive Enthusiasts forestalled uncertainty by exhibiting no
preference for location targeting and consistently implementing low
impact adaptation strategies.

4.5.3. Choice uncertainty
Decision-making regarding how to build resilience, and where, was
defined by choice uncertainty — selecting the most suitable option —

passive reactive proactive
> O
Forestalling (F) Suppressing (S) Reducing (R) Acting (A)
Uncertainty Responses
. . Hierarchical Passive Deliberative
Uncertainty Type Uncertainty Response Alliances Enthusiasts Strategists
o Resource Sharin - -
Situational — g
Coordination
Temporal Early Action
) Mobilising Values
Choice - —
Transferring Accountability
Outcome Risk Balancing

Fig. 5. Adaptation archetypes and uncertainty responses.
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forcing participants to make trade-off and prioritisation decisions.
Trade-off decisions involve diminishing a desirable outcome in return
for gaining benefits of another (Tuhkanen et al., 2018). These involved
time (short- vs. long-term planning), resource (allocation of currency),
and spatial (prioritisation of locations) considerations. For example,
players were required to weigh up how to allocate limited resources for
adaptation strategies among competing demands, with one participant
stating, “I think the biggest challenge is knowing how many resilience tokens
to play on each location, should we save the farm or the evacuation centre?”
Trade-offs in decision-making were not only restricted to the prioriti-
sation of resources, but participants were also required to manage the
opportunity costs of their decisions. We saw the archetypes employ two
responses to choice uncertainty: (1) mobilising values and (2) trans-
ferring accountability.

The prioritisation of locations based on perceived value to partici-
pants, other team members, and their community was one of the ways
all participants responded to reduce choice uncertainty. For example,
critical infrastructure (e.g., evacuation centre, municipal offices, and
medical centre) were targeted in 91 % of games, indicating the
perceived importance of these locations by groups in disaster scenarios.
Resilience was built on schools in every single game, suggesting its
importance within the community. On the other hand, less critical
community assets (e.g., the basketball court and the market) were only
targeted by approximately half of the games (55 % and 45 % respec-
tively), implying that participants perceived these assets to be more
expendable. We also saw specific groups targeting assets of value to
them. For example, in sessions G4 (Deliberative Strategists) and G5
(Passive Enthusiasts), comprised of participants from the local farmers
association and members of the agricultural office, the farm locations
were made a priority for building resilience. By prioritising based on the
importance of the farms to themselves, these participants suppressed
uncertainty by focusing purely on the farms and overlooking resilience
building for the other locations. In the case of the Hierarchical Alliance
groups, we also observed a second uncertainty response which saw in-
dividuals transferring accountability to leaders within the group. By
deferring choices to dominating personalities, the majority of members
in these groups suppressed their choice uncertainty. This centralised who
had to cope with the uncertainty for choices.

4.5.4. Outcome uncertainty

Uncertainties surrounding the effectiveness of adaptation strategies
and their success in reducing current and future climate risks have been
identified as one of the most significant barriers to decision-making in
literature (Moure et al., 2023; UNEP, 2022). Despite the various stra-
tegies employed by each archetype to combat situational, temporal, and
choice uncertainties, the outcomes of such decisions, and climate change
impacts, remained uncertain. The main response we observed was risk
balancing - seen through the targeting of low resilience locations over
with already high resilience. We saw the Deliberative Strategist groups
prioritise cheaper, lower resilience adaptations strategies. This exhibi-
tion of risk balancing between current and future flood impacts acted
upon uncertainties by ensuring they distributed resources to cover
future resilience building whilst maintaining current needs. In contrast,
the Hierarchical Alliance groups focused purely on saving for future flood
events to reduce overall outcome uncertainty in the long term, but at the
expense of short-term impacts.

Differences in the outcome uncertainty responses between the ar-
chetypes become further apparent when examining their reactions to the
largest flood event of each game. For example, G9 (Deliberative Strate-
gists) experienced the largest single impact from a flood in all games
played, losing 32 resilience tokens in the first round. Yet, the group
rebounded, with a steep increase in resilience tokens added, imple-
menting 22 tokens in the six turns immediately following that flood
event. In session G2 (Passive Enthusiasts) which experienced back-to-
back flood events, losing the same amount of resilience tokens, the
group only added 17 tokens in the subsequent in the same duration,
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showing a more passive approach. In session G8 (Hierarchical Alliances),
on the other hand, the group responded to their most impactful flood
event (24 resilience tokens lost) by building 34 resilience tokens worth
of adaptation strategies in the same number of turns.

4.6. Implications for policy, planning, and practice

The three decision-making archetypes developed in this research
describe strategies employed by decision-makers for climate (in)action.
Lessons globally show us how archetypes might inform the development
and improvement of policy and practice (Jager et al., 2015; Strahan
et al., 2018). Our results hold importance for coastal communities in the
Philippines who are likely to bear the brunt climate change impacts. In
particular, our results advance theory of anticipatory climate gover-
nance (Muiderman et al., 2020).

While vertical climate change knowledge networks are strong in the
Philippines, the mechanisms for horizontal, local cross-departmental
collaboration are lagging (Cuevas, 2018). Local government units are
hierarchical organisations which are constrained by the institutions in
which they are embedded, but our results point to how this might be
seen as more than just a barrier. These hierarchies might be inadequate
when balancing short-term versus long-term planning decisions (tem-
poral) and how to choose where to make investments (choice) in com-
munities, but these organisational structures are well placed to tackle
situational planning. We've seen examples of this capacity manifest at
the intersection of disaster risk reduction and climate change adaptation
in the Philippines (de Leon & Pittock, 2017; Pulhin et al., 2010). To
advance this process, mayoral offices at the local level might take a more
active role in mobilising their influence to bring departments together to
better coordinate resources for climate adaptation. This enabling role for
resource and knowledge sharing would counter this recurring gap
identified in adaptation governance in the Philippines and other inter-
national contexts (Measham et al., 2011).

However, our results raise questions regarding the status quo of
governance structures to plan for the temporal and choice uncertainties
in climate change adaptation. Climate and Disaster Risk Assessments
(CDRAs) and Comprehensive Land Use Plans (CLUPs) — which are
guiding local planning efforts across the Philippines — are relatively fixed
instruments, lacking the ability to keep pace with rapidly evolving data
and information on climate change. Governing this risk in practice is
currently seen as a one-time, momentous exercise, but as our gaming
sessions show, effective groups are those which can employ incremental
and iterative adaptation strategies as they learn. To support this process,
local planning departments should grow to see themselves not as in-
stitutions delivering technical services, but rather facilitators of co-
production of climate risk knowledge (Hermesse et al., 2018). Such an
approach is broadly relevant to connect global narratives and local re-
alities (Balvanera et al., 2017; Oberlack et al., 2019).

Lastly, there is the question of how we avoid the trap of falling into
passive planning. Previous literature has identified that awareness and
knowledge as important to enable effective resilience building (Dwir-
ahmadi et al., 2019; Gao et al., 2021; Lebel et al., 2016). We similarly
found collective efficacy built upon disaster risk and climate knowledge
led to higher performing teams. This points to a need to focus on
expanding training among local governments to build knowledge of
potential climate change impacts and principles to respond (Bollettino
et al., 2020; Grefalda et al., 2020). It is not sufficient for this to be
delivered within one sector — such as to local Disaster Risk Reduction
and Management Offices — as currently conceptualised, but rather there
is a need to expand and mainstream these efforts.

4.7. Limitations
The uncertainty of flood events within the game meant that some

games experienced higher severity flood events than others. Although
this was intentionally manufactured into the game mechanics to
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simulate real uncertainties, the random nature of dice rolls led to dif-
ferences in flood impacts. It is possible that the timing and size impacts
may have subsequently impacted group decisions. The number of flood
cards and the zones in which they occurred were however consistent
across all games. Finally, the serious game and data was developed
within a specific knowledge context bounded to a single municipality in
the Philippines, opening the question of whether our conclusions can be
meaningful across other contexts. Based on the demographic charac-
teristics of our case site, we believe that the findings do hold relevance
for other coastal urban communities across the Philippines. Our
approach was one of theory building — not testing — and believe there is
room to more closely examine if the archetypes identified in this study
hold true for other communities.

5. Conclusion

The overarching objective of this research was to understand how
local governments make flood risk reduction and planning decisions
under climate change uncertainties. This was investigated using a
serious game tool employed through eleven gaming workshops in the
central Philippines to identify a set of adaptation decision archetypes.
Three decision-making archetypes were established based on the com-
binations of determinants that included group composition, the extent
and mode of collaboration, collective efficacy, location targeting pref-
erences, and adaptation choices. We identified three adaptation gover-
nance archetypes which were: (1) Hierarchical Alliances, (2) Passive
Enthusiasts and (3) Deliberative Strategists. We then identified how these
governance archetypes responded to situational, temporal, choice, and
outcome uncertainties. This uncovered six strategies used to act, reduce,
supress, and forestall uncertainties: (a) resource sharing; (b) coordina-
tion; (c) early action; (d) mobilising values; (e) transferring account-
ability; and (f) risk balancing. Our findings contribute a new
classification for adaptation governance grounded in novel methods
which simulate climate futures.

Archetypes can be recognised in broader contexts by identifying
contextual and normative conditions which influence the behaviours
typical of a phenomenon, and thus, knowledge can be transferred be-
tween cases. By understanding these behavioural patterns, lessons
across multiple scenarios can be integrated into future activities, in
particular the effectiveness of responses to uncertainty and the building
blocks to successful flood risk reduction. This is crucial to strengthening
disaster governance for increased flood risk reduction, implementation
of effective adaptation measures, and the goal of facilitating ideal de-
cision environments for local governments.

Our findings have important implications for how we structure
climate change adaptation governance. Firstly, our framework can be
used to identify how to establish arrangements when specific types of
uncertainties may be present in decisions. For example, where there is
particularly high outcome uncertainty, our findings show the value in
investing in deliberative processes. However, where choice uncertainty
may be high, we show that even where there is relatively low existing
efficacy to act on climate change, drawing on group values can be a
powerful strategy to move toward proactive climate change adaptation.

CRediT authorship contribution statement

Zoe Latham: Writing — original draft, Visualization, Methodology,
Investigation, Formal analysis, Data curation. Grace Barrett-Lennard:
Writing — original draft, Methodology, Investigation, Funding acquisi-
tion, Formal analysis, Data curation. Aaron Opdyke: Writing — review &
editing, Visualization, Supervision, Project administration, Methodol-
ogy, Investigation, Funding acquisition, Formal analysis,
Conceptualization.

11

Sustainable Cities and Society 112 (2024) 105632
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

The data that has been used is confidential.

Acknowledgements

This research was supported through funding by the Asia-Pacific
Network for Global Change Research (CRRP2021-13MY-Opdyke) and a
Sydney Environment Institute Honours Research Fellowship. We would
like to thank the Municipality of Carigara, especially Jeff Encio, Marina
Irlandes, Jessalyn Cumbis-Hidalgo, Ryan Hidalgo, Daryl Daniel Bodo,
Alejo Urmeneta for their support testing the game and organising
workshops and the University of the Philippines Resilience Institute for
sharing gaming resources. We would also like to thank Isaac Besarra for
his support in collecting the data used in this study and to Emily Nabong,
Sheryn See, Arvin Hadlos for their feedback during the iterative game
development.

References

Abad, J., Booth, L., Baills, A., Fleming, K., Leone, M., Schueller, L., & Petrovic, B. (2020).
Assessing policy preferences amongst climate change adaptation and disaster risk
reduction stakeholders using serious gaming. International Journal of Disaster Risk
Reduction, 51, Article 101782. https://doi.org/10.1016/j.ijdrr.2020.101782

Abenir, M. A. D., Manzanero, L. I. O., & Bollettino, V. (2022). Community-based
leadership in disaster resilience: The case of small island community in Hagonoy,
Bulacan, Philippines. International Journal of Disaster Risk Reduction, 71, Article
102797. https://doi.org/10.1016/j.ijdrr.2022.102797

Alcayna, T., Bollettino, V., Dy, P., & Vinck, P. (2016). Resilience and disaster trends in
the philippines: Opportunities for national and local capacity building. PLOS Currents
Disasters, 1. https://doi.org/10.1371/currents.
dis.4a0bc960866e53bd6357ac135d740846

Allen, C., Malekpour, S., & Mintrom, M. (2023). Cross-scale, cross-level and multi-actor
governance of transformations toward the Sustainable Development Goals: A review
of common challenges and solutions. Sustainable Development, 31(3), 1250-1267.
https://doi.org/10.1002/sd.2495

Asadzadeh, A., Fekete, A., Khazai, B., Moghadas, M., Zebardast, E., Basirat, M., &
Kotter, T. (2023). Capacitating urban governance and planning systems to drive
transformative resilience. Sustainable Cities and Society, 96, Article 104637. https://
doi.org/10.1016/j.s¢5.2023.104637

Avendano-Uribe, B., Lukosch, H., & Milke, M. (2022). Playing with uncertainty:
Facilitating community-based resilience building. Urban Planning, 7(2), 278-294.
https://doi.org/10.17645/up.v7i2.5098

Balvanera, P., Calderén-Contreras, R., Castro, A. J., Felipe-Lucia, M. R.,

Geijzendorffer, 1. R., Jacobs, S., Martin-Lopez, B., Arbieu, U., Speranza, C. L.,
Locatelli, B., Harguindeguy, N. P., Mercado, 1. R., Spierenburg, M. J., Vallet, A.,
Lynes, L., & Gillson, L. (2017). Interconnected place-based social-ecological research
can inform global sustainability. Current Opinion in Environmental Sustainability, 29,
1-7. https://doi.org/10.1016/j.cosust.2017.09.005

Benavidez, H. (2023, April 28). How to play Sungka step-by-step: Rules and mechanics of the
game. https://kami.com.ph/112571-how-to-play-sungka.html.

Bijlsma, R. M., Bots, P. W. G., Wolters, H. A., & Hoekstra, A. Y. (2011). An empirical
analysis of stakeholders’ influence on policy development: The role of uncertainty
handling. Ecology and Society, 16(1), 51. https://www.jstor.org/stable/26268861.

Birchall, S. J., & Kehler, S. (2023). Denial and discretion as a governance process: How
actor perceptions of risk and responsibility hinder adaptation to climate change.
Environmental Science & Policy, 147, 1-10. https://doi.org/10.1016/j.
envsci.2023.05.017

Blanco, D. V. (2015). Disaster governance in the Philippines: Issues, lessons learned, and
future directions in the post-Yolanda super typhoon aftermath. International Journal
of Public Administration, 38(10), 743-756. https://doi.org/10.1080/
01900692.2014.979198

Bollettino, V., Alcayna-Stevens, T., Sharma, M., Dy, P., Pham, P., & Vinck, P. (2020).
Public perception of climate change and disaster preparedness: Evidence from the
Philippines. Climate Risk Management, 30, Article 100250. https://doi.org/10.1016/
j.crm.2020.100250

Bostrom, A., Hayes, A. L., & Crosman, K. M. (2019). Efficacy, action, and support for
reducing climate change risks. Risk Analysis, 39(4), 805-828. https://doi.org/
10.1111/risa.13210

Brower, R. S., Magno, F. A., & Dilling, J. (2014). Evolving and implementing a new
disaster management paradigm: The case of the PhilippinesN. Kapucu, & K. T. Liou


https://doi.org/10.1016/j.ijdrr.2020.101782
https://doi.org/10.1016/j.ijdrr.2022.102797
https://doi.org/10.1371/currents.dis.4a0bc960866e53bd6357ac135d740846
https://doi.org/10.1371/currents.dis.4a0bc960866e53bd6357ac135d740846
https://doi.org/10.1002/sd.2495
https://doi.org/10.1016/j.scs.2023.104637
https://doi.org/10.1016/j.scs.2023.104637
https://doi.org/10.17645/up.v7i2.5098
https://doi.org/10.1016/j.cosust.2017.09.005
https://kami.com.ph/112571-how-to-play-sungka.html
https://www.jstor.org/stable/26268861
https://doi.org/10.1016/j.envsci.2023.05.017
https://doi.org/10.1016/j.envsci.2023.05.017
https://doi.org/10.1080/01900692.2014.979198
https://doi.org/10.1080/01900692.2014.979198
https://doi.org/10.1016/j.crm.2020.100250
https://doi.org/10.1016/j.crm.2020.100250
https://doi.org/10.1111/risa.13210
https://doi.org/10.1111/risa.13210

Z. Latham et al.

(Eds.), Evolving and implementing a new disaster management paradigm: The case
of the Philippines. Disaster and development: Examining global issues and cases,
289-313. https://doi.org/10.1007/978-3-319-04468-2_17

Caserman, P., Hoffmann, K., Miiller, P., Schaub, M., Straburg, K., Wiemeyer, J.,
Bruder, R., & Gobel, S. (2020). Quality criteria for serious games: Serious part, game
part, and balance. JMIR Serious Games, 8(3), €19037. https://doi.org/10.2196/
19037

Castano-Rosa, R., Pelsmakers, S., Jarventausta, H., Poutanen, J., Tahtinen, L.,
Rashidfarokhi, A., & Toivonen, S. (2022). Resilience in the built environment: Key
characteristics for solutions to multiple crises. Sustainable Cities and Society, 87,
Article 104259. https://doi.org/10.1016/j.5¢5.2022.104259

CRED. (2023). Human cost of disasters 2000-2019. Centre for Research on the
Epidemiology of Disasters. https://www.undrr.org/publication/human-cost-disaste
rs-overview-last-20-years-2000-2019.

Cuevas, S. C. (2018). Institutional dimensions of climate change adaptation: Insights
from the Philippines. Climate Policy, 18(4), 499-511. https://doi.org/10.1080/
14693062.2017.1314245

Cutter, S., Osman-Elasha, B., Campbell, J., Cheong, S.-M., McCormick, S., Pulwarty, R.,
Supratid, S., Ziervogel, G., Calvo, E., Mutabazi, K. D., Arnall, A., Arnold, M.,
Bayer, J. L., Bohle, H.-G., Emrich, C., Hallegatte, S., Koelle, B., Oettle, N., Polack, E.,
... Wilches-Chaux, G. (2012). Managing the risks from climate extremes at the local
level. In C. B. Field, V. Barros, T. F. Stocker, & Q. Dahe (Eds.), Managing the risks of
extreme events and disasters to advance climate change adaptation (1st ed., pp.
291-338). Cambridge University Press. https://doi.org/10.1017/
CB09781139177245.008.

De Fino, M., Tavolare, R., Bernardini, G., Quagliarini, E., & Fatiguso, F. (2023). Boosting
urban community resilience to multi-hazard scenarios in open spaces: A virtual
reality — serious game training prototype for heat wave protection and earthquake
response. Sustainable Cities and Society, 99, Article 104847. https://doi.org/10.1016/
j.5€s.2023.104847

de Leon, E. G., & Pittock, J. (2017). Integrating climate change adaptation and climate-
related disaster risk-reduction policy in developing countries: A case study in the
Philippines. Climate and Development, 9(5), 471-478. https://doi.org/10.1080/
17565529.2016.1174659

Dietz, G., Gillespie, N., & Chao, G. T. (2010). Unravelling the complexities of trust and
culture. In D. Skinner, G. Dietz, M. N. K. Saunders, N. Gillespie, & R. J. Lewicki
(Eds.), Organizational trust: A cultural perspective (pp. 3-41). Cambridge University
Press. https://doi.org/10.1017/CB09780511763106.002.

Dordi, T., Henstra, D., & Thistlethwaite, J. (2022). Flood risk management and
governance: A bibliometric review of the literature. Journal of Flood Risk
Management, 15(2), e12797. https://doi.org/10.1111/jfr3.12797

DOST-PAGASA, Manila Observatory, Ateneo de Manila University. (2020). Philippine
climate extremes report 2020: Observed and projected climate extremes in the philippines
to support informed decisions on climate change adaptation and risk manag
philippine atmospheric, geophysical and astronomical services administration of the
department of science and technology. Manila Observatory, and Ateneo de Manila
University. https://bagong.pagasa.dost.gov.ph/climate/climate-change/dynamic-do
wnscaling.

Dwirahmadi, F., Rutherford, S., Phung, D., & Chu, C. (2019). Understanding the
operational concept of a flood-resilient urban community in Jakarta, Indonesia, from
the perspectives of disaster risk reduction, climate change adaptation and
development agencies. International Journal of Environmental Research and Public
Health, 16(20). https://doi.org/10.3390/ijerph16203993. Article 20.

Eisenack, K., Oberlack, C., & Sietz, D. (2021). Avenues of archetype analysis: Roots,
achievements, and next steps in sustainability research. Ecology and Society, 26(2).
https://doi.org/10.5751/ES-12484-260231

Eisenack, K., Villamayor-Tomas, S., Epstein, G., Kimmich, C., Magliocca, N., Manuel-
Navarrete, D., Oberlack, C., Roggero, M., & Sietz, D. (2019). Design and quality
criteria for archetype analysis. Ecology and Society, 24(3). https://doi.org/10.5751/
ES-10855-240306

Eiser, J. R., Bostrom, A., Burton, L., Johnston, D. M., McClure, J., Paton, D., van der
Pligt, J., & White, M. P. (2012). Risk interpretation and action: A conceptual
framework for responses to natural hazards. International Journal of Disaster Risk
Reduction, 1, 5-16. https://doi.org/10.1016/j.ijdrr.2012.05.002

Esteban, T. A. O., & Edelenbos, J. (2023). The politics of urban flood resilience: The case
of Malabon city. International Journal of Disaster Risk Reduction, 88, Article 103604.
https://doi.org/10.1016/j.ijdrr.2023.103604

Filho, W. L., Salvia, A. L., Balogun, A.-L., Pereira, M. J. V., Mucova, S. A. R., Ajulo, O. M.,
Ng, A., Gwenzi, J., Mashonjowa, E., Aina, Y. A., Li, C., Totin, E., Pinho, P.,
Campbell, D., Chanza, N., & Setti, A. F. F. (2023). Towards more sustainable
responses to natural hazards and climate change challenges via transformative
adaptation. Cities (London, England), 141, Article 104525. https://doi.org/10.1016/
j.cities.2023.104525

Findlater, K. M., Satterfield, T., & Kandlikar, M. (2019). Farmers’ risk-based decision
making under pervasive uncertainty: Cognitive thresholds and hazy hedging. Risk
Analysis, 39(8), 1755-1770. https://doi.org/10.1111/risa.13290

Fleming, K., Abad, J., Booth, L., Schueller, L., Baills, A., Scolobig, A., Petrovic, B.,
Zuccaro, G., & Leone, M. F. (2020). The use of serious games in engaging
stakeholders for disaster risk reduction, management and climate change adaption
information elicitation. International Journal of Disaster Risk Reduction, 49, Article
101669. https://doi.org/10.1016/j.ijdrr.2020.101669

Flood, S., Cradock-Henry, N., Blackett, P., & Edwards, P. (2018). Adaptive and
interactive climate futures: Systematic review of ‘serious games’ for engagement and
decision-making. Environmental Research Letters, 13(6), Article 063005. https://doi.
org/10.1088/1748-9326/aaclc6

12

Sustainable Cities and Society 112 (2024) 105632

Frey, U. J. (2017). A synthesis of key factors for sustainability in social-ecological
systems. Sustainability Science, 12(4), 507-519. https://doi.org/10.1007/s11625-
016-0395-z

Gaillard, J. C., Monteil, C., Perrillat-Collomb, A., Chaudhary, S., Chaudhary, M.,
Chaudhary, O., Giazzi, F., & Cadag, J. R. D. (2013). Participatory 3-dimension
mapping: A tool for encouraging multi-caste collaboration to climate change
adaptation and disaster risk reduction. Applied Geography, 45, 158-166. https://doi.
org/10.1016/j.apgeog.2013.09.009

Gallego, R. I. F., & Tejero, L. M. S. (2023). The passivity-responsiveness continuum in the
disaster preparedness and mitigation process: A synthesized theory. International
Journal of Disaster Risk Reduction, 88, Article 103616. https://doi.org/10.1016/j.
ijdrr.2023.103616

Gao, W., Guo, Y., & Jiang, F. (2021). Playing for a resilient future: A serious game
designed to explore and understand the complexity of the interaction among climate
change, disaster risk, and urban development. International Journal of Environmental
Research and Public Health, 18(17). https://doi.org/10.3390/ijerph18178949.
Article 17.

Garschagen, M., Doshi, D., Moure, M., James, H., & Shekhar, H. (2021). The
consideration of future risk trends in national adaptation planning: Conceptual gaps
and empirical lessons. Climate Risk Management, 34, Article 100357. https://doi.org/
10.1016/j.crm.2021.100357

Ghodsvali, M., Dane, G., & de Vries, B. (2022). An online serious game for decision-
making on food-water-energy nexus policy. Sustainable Cities and Society, 87, Article
104220. https://doi.org/10.1016/].5¢5.2022.104220

Glaser, B., & Strauss, A. (2017). Discovery of grounded theory: Strategies for qualitative
research. Routledge. https://doi.org/10.4324/9780203793206

Godschalk, D. R. (2003). Urban hazard mitigation: Creating resilient cities. Natural
Hazards Review, 4(3), 136-143. https://doi.org/10.1061/(ASCE)1527-6988(2003)4:
3(136)

Gray, J., Lloyd, S., Healey, S., & Opdyke, A. (2022). Urban and rural patterns of typhoon
mortality in the Philippines. Progress in Disaster Science, 14, Article 100234. https://
doi.org/10.1016/j.pdisas.2022.100234

Grefalda, L. B., Pulhin, J. M., Tapia, M. A., Anacio, D. B., De Luna, C. C., Sabino, L. L.,
Garcia, J. E., Peria, A. S., Peras, R. J. J., Gevana, D. T., & Inoue, M. (2020). Building
institutional resilience in the context of climate change in Aurora, Philippines.
Environmental Research, 186, Article 109584. https://doi.org/10.1016/j.
envres.2020.109584

Gumasing, Ma. J. J., Prasetyo, Y. T., Ong, A. K. S., & Nadlifatin, R. (2022). Determination
of factors affecting the response efficacy of Filipinos under Typhoon Conson 2021
(Jolina): An extended protection motivation theory approach. International Journal of
Disaster Risk Reduction, 70, Article 102759. https://doi.org/10.1016/j.
ijdrr.2021.102759

Haasnoot, M., Kwakkel, J. H., Walker, W. E., & ter Maat, J. (2013). Dynamic adaptive
policy pathways: A method for crafting robust decisions for a deeply uncertain
world. Global Environmental Change, 23(2), 485-498. https://doi.org/10.1016/j.
gloenvcha.2012.12.006

Hadlos, A., Opdyke, A., & Hadigheh, S. A. (2022). Where does local and indigenous
knowledge in disaster risk reduction go from here? A systematic literature review.
International Journal of Disaster Risk Reduction, 79, Article 103160. https://doi.org/
10.1016/j.ijdrr.2022.103160

Hamilton, L. C., Wake, C. P., Hartter, J., Safford, T. G., & Puchlopek, A. J. (2016). Flood
realities, perceptions and the depth of divisions on climate. Sociology, 50(5),
913-933. https://doi.org/10.1177/0038038516648547

Heazle, M. (2010). Uncertainty in policy making: Values and evidence in complex decisions.
https://doi.org/10.4324,/9781849776691

Heijden, J.van der (2023). Towards a science of scaling for urban climate action and
governance. European Journal of Risk Regulation, 14(3), 513-525. https://doi.org/
10.1017/err.2022.13

Heinzlef, C., Lamaury, Y., & Serre, D. (2024). Improving climate change resilience
knowledge through a gaming approach: Application to marine submersion in the city
of Punaauia, Tahiti. Environmental Advances, 15, Article 100467. https://doi.org/
10.1016/j.envadv.2023.100467

Hermesse, J., Dendoncker, N., & Dujardin, S. (2018). Making space for experiential
knowledge in climate change adaptation? Insights from municipal planning officers
in Bohol, Philippines. Jamba : Journal of Disaster Risk Studies, 10(1), 1-10. https://
doi.org/10.4102/jamba.v10i1.433

Hiigel, S., & Davies, A. R. (2020). Public participation, engagement, and climate change
adaptation: A review of the research literature. WIREs Climate Change, 11(4). https://
doi.org/10.1002/wcc.645

Hiigel, S., & Davies, A. R. (2024). Expanding adaptive capacity: Innovations in education
for place-based climate change adaptation planning. Geoforum; Journal of Physical,
Human, and Regional Geosciences, 150, Article 103978. https://doi.org/10.1016/j.
geoforum.2024.103978

IPCC. (2023). Climate change 2022: Impacts, adaptation and vulnerability. Contribution
of working group II to the sixth assessment report of the intergovernmental panel on
climate change (1st ed.). Cambridge University Press https://www.cambridge.org/
core/product/identifier/9781009325844/type/book.

Jager, J., Rounsevell, M. D. A., Harrison, P. A., Omann, 1., Dunford, R.,
Kammerlander, M., & Pataki, G. (2015). Assessing policy robustness of climate
change adaptation measures across sectors and scenarios. Climatic Change, 128(3),
395-407. https://doi.org/10.1007/s10584-014-1240-y

Kalesnikaite, V. (2019). Keeping cities afloat: Climate change adaptation and
collaborative governance at the local level. Public Performance & Management Review,
42(4), 864-888. https://doi.org/10.1080/15309576.2018.1526091


https://doi.org/10.1007/978-3-319-04468-2_17
https://doi.org/10.2196/19037
https://doi.org/10.2196/19037
https://doi.org/10.1016/j.scs.2022.104259
https://www.undrr.org/publication/human-cost-disasters-overview-last-20-years-2000-2019
https://www.undrr.org/publication/human-cost-disasters-overview-last-20-years-2000-2019
https://doi.org/10.1080/14693062.2017.1314245
https://doi.org/10.1080/14693062.2017.1314245
https://doi.org/10.1017/CBO9781139177245.008
https://doi.org/10.1017/CBO9781139177245.008
https://doi.org/10.1016/j.scs.2023.104847
https://doi.org/10.1016/j.scs.2023.104847
https://doi.org/10.1080/17565529.2016.1174659
https://doi.org/10.1080/17565529.2016.1174659
https://doi.org/10.1017/CBO9780511763106.002
https://doi.org/10.1111/jfr3.12797
https://bagong.pagasa.dost.gov.ph/climate/climate-change/dynamic-downscaling
https://bagong.pagasa.dost.gov.ph/climate/climate-change/dynamic-downscaling
https://doi.org/10.3390/ijerph16203993
https://doi.org/10.5751/ES-12484-260231
https://doi.org/10.5751/ES-10855-240306
https://doi.org/10.5751/ES-10855-240306
https://doi.org/10.1016/j.ijdrr.2012.05.002
https://doi.org/10.1016/j.ijdrr.2023.103604
https://doi.org/10.1016/j.cities.2023.104525
https://doi.org/10.1016/j.cities.2023.104525
https://doi.org/10.1111/risa.13290
https://doi.org/10.1016/j.ijdrr.2020.101669
https://doi.org/10.1088/1748-9326/aac1c6
https://doi.org/10.1088/1748-9326/aac1c6
https://doi.org/10.1007/s11625-016-0395-z
https://doi.org/10.1007/s11625-016-0395-z
https://doi.org/10.1016/j.apgeog.2013.09.009
https://doi.org/10.1016/j.apgeog.2013.09.009
https://doi.org/10.1016/j.ijdrr.2023.103616
https://doi.org/10.1016/j.ijdrr.2023.103616
https://doi.org/10.3390/ijerph18178949
https://doi.org/10.1016/j.crm.2021.100357
https://doi.org/10.1016/j.crm.2021.100357
https://doi.org/10.1016/j.scs.2022.104220
https://doi.org/10.4324/9780203793206
https://doi.org/10.1061/(ASCE)1527-6988(2003)4:3(136)
https://doi.org/10.1061/(ASCE)1527-6988(2003)4:3(136)
https://doi.org/10.1016/j.pdisas.2022.100234
https://doi.org/10.1016/j.pdisas.2022.100234
https://doi.org/10.1016/j.envres.2020.109584
https://doi.org/10.1016/j.envres.2020.109584
https://doi.org/10.1016/j.ijdrr.2021.102759
https://doi.org/10.1016/j.ijdrr.2021.102759
https://doi.org/10.1016/j.gloenvcha.2012.12.006
https://doi.org/10.1016/j.gloenvcha.2012.12.006
https://doi.org/10.1016/j.ijdrr.2022.103160
https://doi.org/10.1016/j.ijdrr.2022.103160
https://doi.org/10.1177/0038038516648547
https://doi.org/10.4324/9781849776691
https://doi.org/10.1017/err.2022.13
https://doi.org/10.1017/err.2022.13
https://doi.org/10.1016/j.envadv.2023.100467
https://doi.org/10.1016/j.envadv.2023.100467
https://doi.org/10.4102/jamba.v10i1.433
https://doi.org/10.4102/jamba.v10i1.433
https://doi.org/10.1002/wcc.645
https://doi.org/10.1002/wcc.645
https://doi.org/10.1016/j.geoforum.2024.103978
https://doi.org/10.1016/j.geoforum.2024.103978
https://www.cambridge.org/core/product/identifier/9781009325844/type/book
https://www.cambridge.org/core/product/identifier/9781009325844/type/book
https://doi.org/10.1007/s10584-014-1240-y
https://doi.org/10.1080/15309576.2018.1526091

Z. Latham et al.

Khalid, A. M., & Okitasari, M. (2023). Enabling effective climate action plans at city
level: Insights from India’s metropolitan cities. Sustainable Cities and Society, 98,
Article 104812. https://doi.org/10.1016/j.5¢s.2023.104812

Khoury, M., Gibson, M. J., Savic, D., Chen, A. S., Vamvakeridou-Lyroudia, L.,
Langford, H., & Wigley, S. (2018). A serious game designed to explore and
understand the complexities of flood mitigation options in urban-rural catchments.
Water, 10(12). https://doi.org/10.3390/w10121885. Article 12.

Kiem, A. S., Verdon-Kidd, D. C., & Austin, E. K. (2014). Bridging the gap between end
user needs and science capability: Decision making under uncertainty. Climate
Research, 61(1), 57-74. https://doi.org/10.3354/cr01243

Kothe, E. J., Ling, M., North, M., Klas, A., Mullan, B. A., & Novoradovskaya, L. (2019).
Protection motivation theory and pro-environmental behaviour: A systematic
mapping review. Australian Journal of Psychology, 71(4), 411-432. https://doi.org/
10.1111/ajpy.12271

Lebel, P., Sriyasak, P., Kallayanamitra, C., Duangsuwan, C., & Lebel, L. (2016). Learning
about climate-related risks: Decisions of Northern Thailand fish farmers in a role-
playing simulation game. Regional Environmental Change, 16(5), 1481-1494. https://
doi.org/10.1007/s10113-015-0880-4

Li, Z., Zhang, X., Ma, Y., Feng, C., & Hajiyev, A. (2019). A multi-criteria decision making
method for urban flood resilience evaluation with hybrid uncertainties. International
Journal of Disaster Risk Reduction, 36, Article 101140. https://doi.org/10.1016/j.
ijdrr.2019.101140

Liao, K.-H., Chiang, Y.-S., & Chan, J. K. H. (2023). The levee dilemma game: A game
experiment on flood management decision-making. International Journal of Disaster
Risk Reduction, 90, Article 103662. https://doi.org/10.1016/j.ijdrr.2023.103662

Lidskog, R., Soneryd, L., & Uggla, Y. (2005). Knowledge, power and control—Studying
environmental regulation in late modernity. Journal of Environmental Policy &
Planning, 7(2), 89-106. https://doi.org/10.1080/15239080500338473

Lipshitz, R., & Strauss, O. (1997). Coping with uncertainty: A naturalistic decision-
making analysis. Organizational Behavior and Human Decision Processes, 69(2),
149-163. https://doi.org/10.1006/0bhd.1997.2679

Lloyd, S., Gray, J., Healey, S., & Opdyke, A. (2022). Social vulnerability to natural
hazards in the Philippines. International Journal of Disaster Risk Reduction, 79, Article
103103. https://doi.org/10.1016/j.ijdrr.2022.103103

Mach, K. J., Mastrandrea, M. D., Bilir, T. E., & Field, C. B. (2016). Understanding and
responding to danger from climate change: The role of key risks in the IPCC ARS.
Climatic Change, 136(3), 427-444. https://doi.org/10.1007/510584-016-1645-x

Madani, K., Pierce, T. W., & Mirchi, A. (2017). Serious games on environmental
management. Sustainable Cities and Society, 29, 1-11. https://doi.org/10.1016/j.
5¢s.2016.11.007

Mahajan, S., Hausladen, C. 1., Argota Sanchez-Vaquerizo, J., Korecki, M., & Helbing, D
(2022). Participatory resilience: Surviving, recovering and improving together.
Sustainable Cities and Society, 83, Article 103942. https://doi.org/10.1016/].
5cs.2022.103942

Maier, H. R., Guillaume, J. H. A., van Delden, H., Riddell, G. A., Haasnoot, M., &
Kwakkel, J. H. (2016). An uncertain future, deep uncertainty, scenarios, robustness
and adaptation: How do they fit together? Environmental Modelling & Software, 81,
154-164. https://doi.org/10.1016/j.envsoft.2016.03.014

Marquart-Pyatt, S. T., McCright, A. M., Dietz, T., & Dunlap, R. E. (2014). Politics eclipses
climate extremes for climate change perceptions. Global Environmental Change, 29,
246-257. https://doi.org/10.1016/j.gloenvcha.2014.10.004

Mayer, A., Shelley, T. O., Chiricos, T., & Gertz, M. (2017). Environmental risk exposure,
risk perception, political ideology and support for climate policy. Sociological Focus,
50(4), 309-328. https://doi.org/10.1080,/00380237.2017.1312855

Measham, T. G., Preston, B. L., Smith, T. F., Brooke, C., Gorddard, R., Withycombe, G., &
Morrison, C. (2011). Adapting to climate change through local municipal planning:
Barriers and challenges. Mitigation and Adaptation Strategies for Global Change, 16(8),
889-909. https://doi.org/10.1007/s11027-011-9301-2

Mendler de Suarez, J., Bachofen, C., Fortugno, N., Goentzel, J., Gongalves, P., Grist, N.,
Macklin, C., Pfeifer, K., Schweizer, S., Suarez, P., van Aalst, M., & Virji, H. (2012).
Games for a new climate: Experiencing the complexity of future risks (pardee center task
force report). The frederick S. Pardee Center for the Study of the Longer-Range
Future, Boston University.

Moallemi, E. A., Zare, F., Hebinck, A., Szetey, K., Molina-Perez, E., Zyngier, R. L.,
Hadjikakou, M., Kwakkel, J., Haasnoot, M., Miller, K. K., Groves, D. G., Leith, P., &
Bryan, B. A. (2023). Knowledge co-production for decision-making in human-natural
systems under uncertainty. Global Environmental Change, 82, Article 102727. https://
doi.org/10.1016/j.gloenvcha.2023.102727

Mochizuki, J., Magnuszewski, P., Pajak, M., Krolikowska, K., Jarzabek, L., &
Kulakowska, M. (2021). Simulation games as a catalyst for social learning: The case
of the water-food-energy nexus game. Global Environmental Change, 66, Article
102204. https://doi.org/10.1016/j.gloenvcha.2020.102204

Moser, S., Ekstrom, J., Kim, J., & Heitsch, S. (2019). Adaptation finance archetypes: Local
governments’ persistent challenges of funding adaptation to climate change and
ways to overcome them. Ecology and Society, 24(2). https://doi.org/10.5751/ES-
10980-240228

Moure, M., Jacobsen, J. B., & Smith-Hall, C. (2023). Uncertainty and Climate Change
Adaptation: A Systematic Review of Research Approaches and People’s Decision-
Making. Current Climate Change Reports, 9, 1-26. https://doi.org/10.1007/540641-
023-00189-x

Muiderman, K., Gupta, A., Vervoort, J., & Biermann, F. (2020). Four approaches to
anticipatory climate governance: Different conceptions of the future and
implications for the present. WIREs Climate Change, 11(6), e673. https://doi.org/
10.1002/wcc.673

Oberlack, C., Sietz, D., Biirgi Bonanomi, E., de Bremond, A., Dell’Angelo, J., Eisenack, K.,
Ellis, E., Epstein, G., Giger, M., Heinimann, A., Kimmich, C., Kok, M., Manuel-

13

Sustainable Cities and Society 112 (2024) 105632

Navarrete, D., Messerli, P., Meyfroidt, P., Vaclavik, T., & Villamayor-Tomas, S.
(2019). Archetype analysis in sustainability research: Meanings, motivations, and
evidence-based policy making. Ecology and Society, 24(2). https://doi.org/10.5751/
ES-10747-240226

Opdyke, A., Chiang, D., Tsang, A., & Smyth, J. (2022). Benchmarking household storm
surge risk perceptions to scientific models in the Philippines. Natural Hazards, 114
(2), 1285-1305. https://doi.org/10.1007/s11069-022-05425-5

Opdyke, A., Latham, Z., & Barrett-Lennard, G. (2024). Uncertain Waters: A Game of
Collective Cooperation and Climate Change. The University of Sydney. https://doi.org/
10.25910/0vev-ab45

Patterson, J. J. (2021). More than planning: Diversity and drivers of institutional
adaptation under climate change in 96 major cities. Global Environmental Change, 68,
Article 102279. https://doi.org/10.1016/j.gloenvcha.2021.102279

Pregnolato, M., West, C., Evans, B., Lam, M.-Y., Chen, A. S., Ahmadian, R., &
Djordjevi¢, S. (2024). Using multi-stakeholder causal mapping to explore priorities
for infrastructure resilience to flooding. International Journal of Disaster Risk
Reduction, 101, Article 104189. https://doi.org/10.1016/j.ijdrr.2023.104189

Pulhin, J. M., Tapia, M. A., & Perez, R. T. (2010). Chapter 11 Integrating disaster risk
reduction and climate change adaptation: Initiatives and challenges in the
Philippines. In R. Shaw, J. M. Pulhin, & J. Jacqueline Pereira (Eds.), Climate change
adaptation and disaster risk reduction: An asian perspective (pp. 217-235). Emerald
Group Publishing Limited. https://doi.org/10.1108/52040-7262(2010)
0000005017. Vol. 5.

Razali, N. E. M., Ramli, R. Z., Mohamed, H., Mat Zin, N. A., Rosdi, F., & Mat Diah, N.
(2022). Identifying and validating game design elements in serious game guideline
for climate change. Heliyon, 8(1), e08773. https://doi.org/10.1016/j.heliyon.2022.
e08773

Rogers, R. W. (1975). A protection motivation theory of fear appeals and attitude change.
The Journal of Psychology, 91(1), 93-114. https://doi.org/10.1080/
00223980.1975.9915803

Sanogo, D., Ndour, B. Y., Sall, M., Toure, K., Diop, M., Camara, B. A., N'Diaye, O., &
Thiam, D. (2017). Participatory diagnosis and development of climate change
adaptive capacity in the groundnut basin of Senegal: Building a climate-smart village
model. Agriculture & Food Security, 6(1), 13. https://doi.org/10.1186/s40066-017-
0091-y

Sautier, M., Piquet, M., Duru, M., & Martin-Clouaire, R. (2017). Exploring adaptations to
climate change with stakeholders: A participatory method to design grassland-based
farming systems. Journal of Enviro 1 Mc t, 193, 541-550. https://doi.
org/10.1016/j.jenvman.2017.02.050

Shah, S. S., & Rana, I. A. (2023). Institutional challenges in reducing disaster risks in the
remote city of Hindukush-Karakorum-Himalayan (HKH) region, Pakistan.
International Journal of Disaster Risk Reduction, 88, Article 103581. https://doi.org/
10.1016/j.ijdrr.2023.103581

Siders, A., & Pierce, A. L. (2021). Deciding how to make climate change adaptation
decisions. Current Opinion in Environmental Sustainability, 52, 1-8. https://doi.org/
10.1016/j.cosust.2021.03.017

Sietz, D., Frey, U., Roggero, M., Gong, Y., Magliocca, N., Tan, R., Janssen, P., &
Véclavik, T. (2019). Archetype analysis in sustainability research: Methodological
portfolio and analytical frontiers. Ecology and Society, 24(3). https://doi.org/
10.5751/ES-11103-240334

Sietz, D., Ordonez, J. C., Kok, M. T. J., Janssen, P., Hilderink, H. B. M., Tittonell, P., &
Dijk, H. V. (2017). Nested archetypes of vulnerability in African drylands: Where lies
potential for sustainable agricultural intensification? Environmental Research Letters,
12(9), Article 095006. https://doi.org/10.1088/1748-9326/aa768b

Sillanpaa, M., Eichhorn, J., & Juhola, S. (2024). Decreasing psychological distance to
climate adaptation through serious gaming: Minions of Disruptions. Climate Services,
33, Article 100429. https://doi.org/10.1016/j.cliser.2023.100429

Smith, E. K., & Mayer, A. (2018). A social trap for the climate? Collective action, trust
and climate change risk perception in 35 countries. Global Environmental Change, 49,
140-153. https://doi.org/10.1016/j.gloenvcha.2018.02.014

Smith, M. S., Horrocks, L., Harvey, A., & Hamilton, C. (2011). Rethinking adaptation for
a 4 °C world. Philosophical Transactions of the Royal Society A: Mathematical, Physical
and Engineering Sciences, 369(1934), 196-216. https://doi.org/10.1098/
rsta.2010.0277

Solinska-Nowak, A., Magnuszewski, P., Curl, M., French, A., Keating, A., Mochizuki, J.,
Liu, W., Mechler, R., Kulakowska, M., & Jarzabek, L. (2018). An overview of serious
games for disaster risk management — Prospects and limitations for informing actions
to arrest increasing risk. International Journal of Disaster Risk Reduction, 31,
1013-1029. https://doi.org/10.1016/].ijdrr.2018.09.001

Strahan, K., Whittaker, J., & Handmer, J. (2018). Self-evacuation archetypes in
Australian bushfire. International Journal of Disaster Risk Reduction, 27, 307-316.
https://doi.org/10.1016/j.ijdrr.2017.10.016

Styczynski, A., Wolf, J., Tah, S., & Bose, A. (2014). When decision-making processes fail:
An argument for robust climate adaptation planning in the face of uncertainty.
Environment Systems and Decisions, 34(4), 478-491. https://doi.org/10.1007/
510669-014-9528-z

Termeer, C. J. A. M., Dewulf, A., & Biesbroek, G. R. (2017). Transformational change:
Governance interventions for climate change adaptation from a continuous change
perspective. Journal of Enviro ing and M , 60(4), 558-576.
https://doi.org/10.1080/09640568.2016.1168288

Toyoda, Y., & Tanwattana, P. (2023). Extracting local disaster knowledge through
gamification in a flood management model community in Thailand. Progress in
Disaster Science, 20, Article 100294. https://doi.org/10.1016/j.pdisas.2023.100294

Tsai, M.-H., Chang, Y.-L., Shiau, J.-S., & Wang, S.-M. (2020). Exploring the effects of a
serious game-based learning package for disaster prevention education: The case of

1 pJ,
P


https://doi.org/10.1016/j.scs.2023.104812
https://doi.org/10.3390/w10121885
https://doi.org/10.3354/cr01243
https://doi.org/10.1111/ajpy.12271
https://doi.org/10.1111/ajpy.12271
https://doi.org/10.1007/s10113-015-0880-4
https://doi.org/10.1007/s10113-015-0880-4
https://doi.org/10.1016/j.ijdrr.2019.101140
https://doi.org/10.1016/j.ijdrr.2019.101140
https://doi.org/10.1016/j.ijdrr.2023.103662
https://doi.org/10.1080/15239080500338473
https://doi.org/10.1006/obhd.1997.2679
https://doi.org/10.1016/j.ijdrr.2022.103103
https://doi.org/10.1007/s10584-016-1645-x
https://doi.org/10.1016/j.scs.2016.11.007
https://doi.org/10.1016/j.scs.2016.11.007
https://doi.org/10.1016/j.scs.2022.103942
https://doi.org/10.1016/j.scs.2022.103942
https://doi.org/10.1016/j.envsoft.2016.03.014
https://doi.org/10.1016/j.gloenvcha.2014.10.004
https://doi.org/10.1080/00380237.2017.1312855
https://doi.org/10.1007/s11027-011-9301-2
http://refhub.elsevier.com/S2210-6707(24)00457-8/sbref0074
http://refhub.elsevier.com/S2210-6707(24)00457-8/sbref0074
http://refhub.elsevier.com/S2210-6707(24)00457-8/sbref0074
http://refhub.elsevier.com/S2210-6707(24)00457-8/sbref0074
http://refhub.elsevier.com/S2210-6707(24)00457-8/sbref0074
https://doi.org/10.1016/j.gloenvcha.2023.102727
https://doi.org/10.1016/j.gloenvcha.2023.102727
https://doi.org/10.1016/j.gloenvcha.2020.102204
https://doi.org/10.5751/ES-10980-240228
https://doi.org/10.5751/ES-10980-240228
https://doi.org/10.1007/s40641-023-00189-x
https://doi.org/10.1007/s40641-023-00189-x
https://doi.org/10.1002/wcc.673
https://doi.org/10.1002/wcc.673
https://doi.org/10.5751/ES-10747-240226
https://doi.org/10.5751/ES-10747-240226
https://doi.org/10.1007/s11069-022-05425-5
https://doi.org/10.25910/0vev-ab45
https://doi.org/10.25910/0vev-ab45
https://doi.org/10.1016/j.gloenvcha.2021.102279
https://doi.org/10.1016/j.ijdrr.2023.104189
https://doi.org/10.1108/S2040-7262(2010)0000005017
https://doi.org/10.1108/S2040-7262(2010)0000005017
https://doi.org/10.1016/j.heliyon.2022.e08773
https://doi.org/10.1016/j.heliyon.2022.e08773
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1186/s40066-017-0091-y
https://doi.org/10.1186/s40066-017-0091-y
https://doi.org/10.1016/j.jenvman.2017.02.050
https://doi.org/10.1016/j.jenvman.2017.02.050
https://doi.org/10.1016/j.ijdrr.2023.103581
https://doi.org/10.1016/j.ijdrr.2023.103581
https://doi.org/10.1016/j.cosust.2021.03.017
https://doi.org/10.1016/j.cosust.2021.03.017
https://doi.org/10.5751/ES-11103-240334
https://doi.org/10.5751/ES-11103-240334
https://doi.org/10.1088/1748-9326/aa768b
https://doi.org/10.1016/j.cliser.2023.100429
https://doi.org/10.1016/j.gloenvcha.2018.02.014
https://doi.org/10.1098/rsta.2010.0277
https://doi.org/10.1098/rsta.2010.0277
https://doi.org/10.1016/j.ijdrr.2018.09.001
https://doi.org/10.1016/j.ijdrr.2017.10.016
https://doi.org/10.1007/s10669-014-9528-z
https://doi.org/10.1007/s10669-014-9528-z
https://doi.org/10.1080/09640568.2016.1168288
https://doi.org/10.1016/j.pdisas.2023.100294

Z. Latham et al.

battle of flooding protection. International Journal of Disaster Risk Reduction, 43,
Article 101393. https://doi.org/10.1016/j.ijdrr.2019.101393

Tuhkanen, H., Boyland, M., Han, G., Patel, A., Johnson, K., Rosemarin, A., & Lim
Mangada, L. (2018). A typology framework for trade-offs in development and
disaster risk reduction: A case study of typhoon haiyan recovery in Tacloban,
Philippines. Sustainability, 10(6). https://doi.org/10.3390/su10061924. Article 6.

UNDRR. (2015). Sendai framework for disaster risk reduction 2015-2030. UNDRR. https
://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-
2030.

UNEP. (2022). Adaptation Gap Report 2022: Too Little, Too Slow — Climate adaptation
failure puts world at risk. https://www.unep.org/adaptation-gap-report-2022.

Vidal Merino, M., Sietz, D., Jost, F., & Berger, U. (2019). Archetypes of climate
vulnerability: A mixed-method approach applied in the peruvian andes. Climate and
Development, 11(5), 418-434. https://doi.org/10.1080/17565529.2018.1442804

Villagra, P., Pena y Lillo, O., Ariccio, S., Bonaiuto, M., & Olivares-Rodriguez, C. (2023).
Effect of the Costa Resiliente serious game on community disaster resilience.
International Journal of Disaster Risk Reduction, 91, Article 103686. https://doi.org/
10.1016/j.ijdrr.2023.103686

Villamor, G. B., Wakelin, S. J., Dunningham, A., & Clinton, P. W. (2023). Climate change
adaptation behaviour of forest growers in New Zealand: An application of protection

14

Sustainable Cities and Society 112 (2024) 105632

motivation theory. Climatic Change, 176(2), 3. https://doi.org/10.1007/s10584-02.2-
03469-x

Walsh, 1., Holton, J. A., Bailyn, L., Fernandez, W., Levina, N., & Glaser, B. (2015). What
grounded theory is...a critically reflective conversation among scholars.
Organizational Research Methods, 18(4), 581-599. https://doi.org/10.1177/
1094428114565028

Winkler, J. A. (2016). Embracing complexity and uncertainty. Annals of the American
Association of Geographers, 106(6), 1418-1433. https://doi.org/10.1080/
24694452.2016.1207973

Wu, J. S., & Lee, J. J. (2015). Climate change games as tools for education and
engagement. Nature Climate Change, 5(5), 413-418. https://doi.org/10.1038/
nclimate2566

Xie, B., Brewer, M. B., Hayes, B. K., McDonald, R. I., & Newell, B. R. (2019). Predicting
climate change risk perception and willingness to act. Journal of Environmental
Psychology, 65, Article 101331. https://doi.org/10.1016/j.jenvp.2019.101331

Zhang, F., & Welch, E. W. (2023). Explaining public organization adaptation to climate
change: Configurations of macro- and meso-level institutional logics. Journal of
Public Administration Research and Theory, 33(2), 357-374. https://doi.org/10.1093/
jopart/muac027


https://doi.org/10.1016/j.ijdrr.2019.101393
https://doi.org/10.3390/su10061924
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030
https://www.unep.org/adaptation-gap-report-2022
https://doi.org/10.1080/17565529.2018.1442804
https://doi.org/10.1016/j.ijdrr.2023.103686
https://doi.org/10.1016/j.ijdrr.2023.103686
https://doi.org/10.1007/s10584-022-03469-x
https://doi.org/10.1007/s10584-022-03469-x
https://doi.org/10.1177/1094428114565028
https://doi.org/10.1177/1094428114565028
https://doi.org/10.1080/24694452.2016.1207973
https://doi.org/10.1080/24694452.2016.1207973
https://doi.org/10.1038/nclimate2566
https://doi.org/10.1038/nclimate2566
https://doi.org/10.1016/j.jenvp.2019.101331
https://doi.org/10.1093/jopart/muac027
https://doi.org/10.1093/jopart/muac027

	Archetypes of local governance for flood risk reduction decision-making under uncertain climate change futures
	1 Introduction
	2 Background
	2.1 Disaster governance and uncertainty
	2.2 Response archetypes for climate change adaptation
	2.3 Serious games as simulation tools

	3 Methods
	3.1 Phase 1: serious game development
	3.1.1 Game design
	3.1.2 Game overview
	3.1.2.1 Procedure of play
	3.1.2.2 Game board & location tiles
	3.1.2.3 Adaptation actions
	3.1.2.4 Flood events
	3.1.2.5 Climate tracker
	3.1.2.6 Game outcomes


	3.2 Phase 2: game data collection and analysis
	3.2.1 Archetype analysis
	3.2.2 Game analysis


	4 Results and discussion
	4.1 Hierarchical alliances
	4.2 Passive enthusiasts
	4.3 Deliberative strategists
	4.4 Game outcomes
	4.5 Understanding decision-making under uncertainty
	4.5.1 Situational uncertainty
	4.5.2 Temporal uncertainty
	4.5.3 Choice uncertainty
	4.5.4 Outcome uncertainty

	4.6 Implications for policy, planning, and practice
	4.7 Limitations

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


