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Abstract. Restoring hydrological functions affected by eco-
nomic development trajectories faces social and economic
challenges. Given that stakeholders often only have a partial
understanding of functioning socio-hydrological systems, it
is expected that knowledge sharing will help them to become
more aware of the consequences of their land use choices
and options to manage water collectively. This facilitates the
collective learning tools needed to represent the essential so-
cial and technical aspects of a socio-hydrological system in
simple terms. However, data-driven simplification can lead to
very site-specific models that are difficult to adapt to differ-
ent conditions. To address these issues, this study aims to de-
velop a highly adaptable serious game based on process un-
derstanding to make it easily applicable to any situation and
to facilitate co-learning among stakeholders regarding com-
plex socio-hydrological problems. We developed and tested
a serious game that revolves around a simple water balance
and economic accounting, with environmental and financial
consequences for land users. The game is based on process
understanding of the system, allowing for both relevant site
specificity and generic replicability. Here, we describe the
development of the Water: Use, Resources and Sustainability
(H2Ours) game and explore its capacity to visualise, discuss
and explore issues at the landscape level. The H2Ours game
was designed using a combination of the Actors, Resources,
Dynamics and Interaction (ARDI) and Drivers, Pressure,

State, Impact and Responses (DPSIR) frameworks. The de-
sign steps for constructing the game led to a generic ver-
sion and two localised versions for two different landscapes
in Indonesia: a mountain slope to lowland paddy landscape
impacting groundwater availability in East Java and a peat-
land with drainage rewetting, oil palm conversion and fire
as issues triggering responses in West Kalimantan. Based on
an evaluation referring to credibility, salience and legitimacy
criteria, the H2Ours game met its purpose as a tool for knowl-
edge transfer, learning and action triggering. We discuss the
steps that can lead to re-designing and adaptation of the game
to other landscapes and their policy-relevant issues.

1 Introduction

A recent call for collective action by the Global Commission
on the Economics of Water (Mazzucato et al., 2023) asked
for a turning of the tide, shifting from exploitation, overuse
and waste of freshwater resources to stewardship, wise use
and socio-hydrological restoration. To achieve this shift, bet-
ter understanding is needed of the relations between the so-
cial and hydrological systems and how these relations vary
over time and space (D’Odorico et al., 2019). For exam-
ple, many locations experience hydrological problems due
to changes in the use of land and water to meet food pro-
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duction and other domestic and industrial needs (Djuwan-
syah, 2018). These uses often affect negatively the ability of
water systems to retain their hydrological functions, which
results in an increase in water demand (Rosa et al., 2018),
leading ultimately to degradation of the water system. Con-
sequently, hydrological restoration aims to re-establish or re-
store the hydrological functions and to avoid further hydro-
logical degradation by managing water resources sustainably
and/or eliminating the causal factors of degradation (Zhao
et al., 2016).

Four interacting knowledge-to-action steps are needed to
determine adequate strategies for socio-hydrological restora-
tion (van Noordwijk, 2018). These steps are understanding
(technical agenda setting based on the social relevance of
environmental issues), commitment to goals (social under-
standing of urgency), operationalisation of means of imple-
mentation based on a common but differentiated respon-
sibility (in a socio-ecological context) and innovation for
better solutions (through monitoring and learning). Conse-
quently, the first step for any restoration planning is develop-
ing a shared understanding of how the above- and below-
ground ecosystem structure and the climate generate the
hydrological functions and underpin the range of ecosys-
tem services provided (van Noordwijk et al., 2022). Fur-
thermore, the interactions between ecological and techni-
cal aspects and socio-economic conditions in a landscape
(e.g. land tenure, the existence of regulations and incentive–
disincentive mechanisms) make the socio-hydrological sys-
tems even more complex. Unfortunately, the lacking knowl-
edge transfer between and within different groups of stake-
holders often blocks the commitment, operationalisation and
innovation stages of successful restoration (Creed et al.,
2018).

Learning leads to gaining new information, knowledge
and predictive ability and ultimately to scenario develop-
ment and knowledgeable decisions. However, providing in-
formation alone is not a catalyst that can trigger the asso-
ciated knowledge of the action chain (Marini et al., 2018).
Therefore, “services” that facilitate active learning and “ex-
periences” that provide a social context for technical aspects
are needed for collective learning beyond knowledge trans-
fer. In the “learning” literature, there is a consensus that peo-
ple learn more quickly through experiential learning where
they can actively explore, engage with processes and then
reflect on what happened during the exploration (Kolb and
Kolb, 2005; Fanning and Gaba, 2007; Kolbe et al., 2015).
Thus, we need tools that can show how a socio-hydrological
system works as a whole and allow people to see and ex-
perience the consequences of decisions made, in order to
strengthen knowledge sharing and to facilitate collective
decision-making. Two tools are being increasingly used in
this context: hydrological modelling (Guo et al., 2021; Tsai
et al., 2021) and serious gaming (Rossano et al., 2017; Feng
et al., 2018; Ferguson et al., 2020). Hydrological modelling
focuses on converting data to information, knowledge and

understanding of technical aspects, and it is used to simulate
various land use change scenarios and to quantify the likely
consequences of various water management practices (Singh
and Kumar, 2017). In contrast, serious gaming focuses on re-
lating knowledge and understanding of social and technical
aspects to enhance the credibility of decisions made. It adopts
the basic elements of gaming, such as challenges, rewards,
experiences, strategies and emotions, to allow stakeholders
to safely explore management options (Fleming et al., 2014,
2016).

Although one can see all models as games and all games
as models, these conceptually related tools have developed
as separate communities of practice (van Noordwijk et al.,
2020). Games are models as they are succinct and often
stylised representations of a more complex reality, and mod-
els are games as they allow the exploration of alternative
strategies. In addition, both approaches require one to break
down a complex system into several pieces, which is chal-
lenging as not all elements of the real conditions can or
should be included in the models and/or games. Several con-
siderations can serve as a guide to the simplification process
from reality to model and game simulation (Medema et al.,
2019), such as what knowledge we want to share with par-
ticipants, what we want them to learn and what changes or
responses we expect from them.

Socially interactive games and models that explore larger
spatial and temporal horizons have complementary strengths.
As reviewed in Villamor et al. (2023), games and models
can (1) seek a conceptual triangulation representing the pro-
cesses behind complex realties, (2) strive for numerical con-
sistency between games and empirical models, (3) use games
in the development of scenario models or (4) use models in
the design of games that encourage players to learn by expe-
riencing manageable complexity. As an example of the last
option, Lohmann et al. (2014) designed and tested model-
based roleplay with Namibian land reform beneficiaries, sim-
ulating 10 years of rangeland management. In this paper, we
explore the feasibility of transforming a hydrological model
into a serious game to provide socio-hydrological dynamics
to stakeholders with diverse backgrounds to develop restora-
tion plans.

Simplifying the complexity of the system and highlighting
the socio-hydrological issues from a hydrological model to
a socio-hydrological game will facilitate knowledge transfer
between stakeholders and provide a better decision-making
tool (Savic et al., 2016). However, such a simplification pro-
cess can lead to serious games that are very specific to a given
local context, making it difficult for the game to be applied
to other places. For that reason, the elements and rules of the
game should be easily adapted to other locations, or at least
there should be guidelines on how the game can be applied
elsewhere.

Therefore, the objectives of this study are to develop a se-
rious game that is adaptable to different socio-hydrological
contexts and issues and to evaluate the quality of the game
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Figure 1. Stages undertaken from the preparation to the evaluation of the H2Ours game, including stakeholder involvement across the
different stages of this study.

in terms of credibility, salience and legitimacy. To achieve
our objectives, we developed a generic game with two adap-
tations to two locations in Indonesia that largely differ in
their hydrological characteristics. First, we developed the
H2Ours game based on the socio-hydrological characteris-
tics of the Rejoso watershed in East Java. Then, we mod-
ified the H2Ours game according to the conditions of the
Pawan–Kepulu peatland in West Kalimantan. The qualities
of the game were assessed based on the criteria of credibil-
ity, salience and legitimacy, which were included in the game
development process and the post-game assessment.

We organised the paper by presenting as a method the
stages where we prepared, designed, tested, implemented and
evaluated the two variants of the H2Ours game. The game it-
self is the primary “result”, illustrated by the game dynamics
during test settings and early applications with local stake-
holders. Feedback from game participants is presented as an
evaluation of the current games. We end by discussing the
simplification process from reality to game, effectiveness of
the game in achieving the goals set and the lessons learned.

2 Methodology

This study consists of four stages from the diagnosis of the
study area to the evaluation of the game (Fig. 1). The differ-
ent stakeholders involved in each stage are also provided.

2.1 Study areas

The two study areas used in this research, i.e. the Rejoso
watershed and the Pawan–Kepulu peatland (Fig. 2), dif-
fer in their physical characteristics (hydrological system,
land cover, soil type), but they experience similar socio-
hydrological problems (lack of coordination and collective
action). In the Rejoso watershed, the hydrological restoration
was conducted under the Rejoso Kita project in which World
Agroforestry (ICRAF) was responsible for research and de-
velopment of conservation and restoration strategies, while
in the Pawan–Kepulu peatland the hydrological restoration
was conducted by Tropenbos Indonesia through the Working
Landscape project and the Fires project. Both areas have en-
vironmental problems because of the disruption of the buffer-
ing peak flow that contributes to floods due to a lack of in-
filtration, which in turn is key to the supply of groundwater.
To restore these hydrological functions, understanding of the
relationship between land use, surface water or groundwa-
ter management and water balance at the landscape level is
crucial before developing a joint strategy (IPBES, 2018).

The Rejoso watershed (1600 km2) is in the Pasuruan
district, East Java, Indonesia. Based on the elevation and
the hydrological system, we can divide the Rejoso wa-
tershed into three areas: downstream (< 100 ma.s.l.; me-
tres above sea level), midstream (100–1000 ma.s.l.) and up-
stream (> 1000 ma.s.l.). This watershed is a national priority
because the Umbulan spring is used, through a new pipeline,
to supply water to 1.1 million people in the surrounding
metropolitan area. Land conversion from agroforestry to in-
tensive agriculture in the recharge areas (> 700 ma.s.l. up-
stream and midstream) and massive groundwater extraction
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Figure 2. The two study areas: (a) the Rejoso watershed that consists of upstream (elevation > 1000 m above sea level; ma.s.l.), midstream
(elevation 100–1000 ma.s.l.) and downstream (elevation < 100 ma.s.l.) parts and (b) the Pawan–Kepulu peatland that consists of a peat dome
(peat depth > 6 m), a peat-buffering dome (peat depth 3–6 m) and shallow peat (peat depth < 3 m).

for rice fields using artesian wells in the downstream area
were understood to cause the reduced average discharge of
the Umbulan spring from 5 m3 s−1 (1980s) to 3.5 m3 s−1

(2020) (Leimona et al., 2018; Amaruzaman et al., 2018;
Toulier, 2019; Khasanah et al., 2021). As the declining spring
discharge is disrupting the water supply for drinking water,
agriculture and industry, stakeholders in the Rejoso water-
shed need to develop strategies to restore the hydrological
function of their watershed through land use management in
the recharge area and groundwater utilisation in the down-
stream area to maintain the continuity of the water supply in
the Umbulan spring (Khasanah et al., 2021).

The Pawan–Kepulu peatland is located in the Ketapang
district in West Kalimantan. This area is between the Pawan
and Kepulu rivers, functioning as a unified hydrological sys-
tem (Fig. 2a). Based on the mapped peat depth, we divided
the Pawan–Kepulu peatland into a relatively shallow peat
area (peat depth < 3 m), a buffering dome area (peat depth
3–6 m) and a dome (peat depth > 6 m). In the 2000s, local
communities and oil palm companies started to build canals
for artificial drainage to facilitate timber extraction and man-
agement of oil palm and other forms of agriculture (Carl-

son et al., 2012). However, during the dry season, the canals
cause a decrease in the groundwater level so that the peat-
land becomes drier and more vulnerable to fire. Land fires are
detrimental to both the local area and the global level with
haze and carbon emissions (Widayati et al., 2021). There-
fore, there is interest in restoring the hydrological function of
peatlands to prevent or reduce land fires (Murdiyarso et al.,
2021).

2.2 Diagnosis of the study areas and issues

In developing the H2Ours game, the system diagnosis re-
lied on hydrological information (e.g. hydrological bound-
aries, hydrological problems and efforts that may control
the causes and overcome impacts), climate conditions (e.g.
rainfall, potential evapotranspiration), land cover informa-
tion (e.g. typology, the main locally relevant types, re-
cent land cover change, lifecycle profitability estimates) and
socio-economic information (e.g. village conditions, socio-
economic issues, alternative livelihood options, institutional
conditions). These information types were collected using
the rapid hydrological appraisal (RHA) approach, which has
been used and tested in a number of South-East Asian coun-
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tries (van Noordwijk et al., 2013; Jeanes et al., 2006). In
this approach, the information was grouped based on local
ecological knowledge (LEK), public ecological knowledge
(PEK) and modeller–scientist ecological knowledge (MEK).
Mapping these different knowledge systems showed overlap,
gaps and contrasts that provided starting points for further
exploration.

To make it easier to describe the interactions between the
components of a socio-hydrological system, we structured
the socio-hydrological condition of the study area based
on the Dynamics, Pressure, State, Impact and Responses
(DPSIR) and Actors, Resources, Dynamics and Interaction
(ARDI) frameworks. The DPSIR framework is widely used
to carry out hydrological assessments because of its compre-
hensive connections between various components in a socio-
hydrological system (Sun et al., 2016; Lu et al., 2022). We
used the DPSIR framework to trace the causes of problems
(including interactions and relationships between social and
hydrological components) and further explore various re-
sponses to socio-hydrological problems (Sun et al., 2016).
The ARDI framework is widely used in companion mod-
elling approaches to guide system diagnosis as a first step
towards designing serious games (Etienne et al., 2011). We
used the ARDI framework to identify the main stakeholders
involved in water management, the main resources, the main
processes that affect changes in resources and the interaction
between stakeholders and resources (Villamor et al., 2019).

2.3 Game development

In this step, we transformed the information from the DPSIR
and ARDI analyses into components needed in the game de-
sign: goals, roles, rules and solution space (Fig. 1).

2.4 Scope and objective

The first stage in designing a serious game is to determine
the scope and objective of the game (Silva, 2020; Mitgutsch
and Alvarado, 2012). The scope of the game refers to the
problem or issues to be addressed. The objective of the game
refers to the kinds of knowledge, new insights or impacts
expected to be obtained by players after participating in the
game. We determined the scope and objective of the game
based on the socio-hydrological problem defined in the pre-
vious stage (Sect. 2.2).

2.4.1 Roles

According to the ARDI framework (Sect. 2.2), we defined
roles based on the main stakeholders involved in water man-
agement in each study area. Most of the players were asked
to be a villager representing the largest stakeholder group,
but others had specific roles as agents trying to influence vil-
lager decisions. Related to these roles, we designed goals that
players must achieve during each simulation based on discus-
sions and interviews with the relevant stakeholders according

to their actual goals. Before the game started, we asked each
group to choose a leader to facilitate discussion within the in-
ternal team and to represent the group when communicating
with other groups.

2.4.2 Rules

According to the ARDI and DPSIR frameworks (Sect. 2.2),
we transformed the interaction between actors and resources
as the rules of the H2Ours game. To show the dynamics of
changes in resources and the impact of human decisions, the
game’s rules consist of a set of values attached to each deci-
sion’s type of land use and water infrastructure that describe
both the economic and water balance components. The eco-
nomic component consists of the production costs or capi-
tal required to manage a certain land use type and the in-
come derived from that land use. The water balance com-
ponent consists of surface flow and infiltration of each land
use type and water infrastructure. The values used as rules
for the economic component referred to research findings
by ICRAF and Tropenbos Indonesia (Sect. 2.1). For the wa-
ter balance component, the Rejoso watershed data were ob-
tained from the hydrological modelling and field measure-
ment (Leimona et al., 2018; Suprayogo et al., 2020), while
the Pawan–Kepulu peatland data were based on field mea-
surement (Tanika et al., 2024, in preparation). Several local
communities then validated the values through a process of
discussion and game testing (Sect. 2.4.5). We simplified the
values for each land use type as a ratio between land uses
to make the quantification process easier during the simula-
tion process. A simple guideline for developing or modifying
rules can be seen in Appendix A.

There are two conditions that are used to mark the posi-
tions of the participants regarding their goals in the game,
i.e. economic and environmental conditions. We derived the
economic conditions based on a simple profit calculation
equation where profit is revenue minus all financial expenses
(taxes, costs, incidental costs, etc.). The underlying eco-
nomic analysis applied a lifecycle perspective to the various
land use systems, annualising discounted future cost–benefit
flows. At the sub-landscape level (e.g. upstream, dome), total
profit is the difference between total revenue and total pro-
duction costs, while the environmental indicators were de-
rived based on a simple water balance model implemented
in the Generic River Flow (GenRiver) model (https://www.
cifor-icraf.org/knowledge/publication/__34283/, last access:
21 August 2024) (van Noordwijk et al., 2017). Consequently,
the relationship between the two conditions allowed us to de-
scribe the socio-hydrological system of each study area.

2.4.3 Game solution space analysis

The purpose of the game solution space is to define the en-
velope of possible outcomes within the rules of the game,
considering all possible choices made by players in the game
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(Speelman et al., 2014). In a random walk, any sequence of
steps has equal probability and is blind to where this may
lead. The solution space of the H2Ours game was explored
based on the average of economic and environmental out-
comes obtained with a computer-simulated random generator
deciding choices for every step. We mapped the estimated so-
lution space after 3, 10, 30, 100, 300 and 1000 random-walk
iterations to obtain a reference for the trajectories observed in
a limited number of actual, real-player games. The random-
walk conditions were generated in R and then simulated us-
ing an Excel spreadsheet representation of the H2Ours game
and its economic and environmental performance indicators.
The 1000 random-walk data set was used to assess the proba-
bility density function of outcomes within the solution space.
The economic and environmental performance indicators of
actual game implementation refer to a player’s land use deci-
sions from four different game sessions in the Rejoso water-
shed which are calculated using the same Excel spreadsheet.

2.4.4 Game properties

The purpose of game development is to bring a game design
into a real form that players can play or touch, such as a game
board, various required tokens or other attributes that support
the simulation of the game. We developed the game to be
close to the perceived reality, so that players can relate their
decisions to the consequences of the game session and the
impacts that they have experienced or will experience with
similar decisions. The game board, the game’s land use op-
tions and the water simulation miniature are the key elements
of recognition for players. Therefore, we adapted these ele-
ments to the conditions of each study area.

2.4.5 Game testing

The purpose of game testing is to assess the game’s playabil-
ity and dynamics. We tested the game in two ways: checking
all the quantification systems using an Excel spreadsheet and
checking the complexity through role-playing testing. In the
role-playing testing, we tested the game several times with
different participants: members of the project, undergraduate
students and non-targeted farmer groups. During the role-
playing testing with project members, we checked the suit-
ability and game elements against reality: with the students,
we calibrated and validated the rules and feedback system
in the game; and then, with the farmer groups, we checked
whether the rules of the game were sufficiently clear.

2.5 Game implementation

In this study, we conducted 10 game sessions with a total of
93 people participating, with 5 sessions in each of the study
areas. All game sessions for the Rejoso watershed were held
in October 2021, while those for the Pawan–Kepulu peatland
were held in August 2022. In each study area, the first game
session was organised with members of a multi-stakeholder

forum consisting of representatives of governments, non-
governmental organizations (NGOs), private sectors and uni-
versities to get ideas about regulations and programmes that
would be offered to farmer communities. Four game sessions
were organised with the farmer groups to explore the imple-
mentation of the regulations and programmes resulting from
the game session with the multi-stakeholder forum.

For each game session, we invited a total of 9–12 represen-
tatives of farmer groups from the upstream, midstream and
downstream villages of the Rejoso watershed and 12–16 rep-
resentatives of four villages in the Pawan–Kepulu peatland.
In the invitation, we let the group determine who would at-
tend the simulation, provided that the group representatives
were willing to hold discussions and exchange information
with participants from other villages. For the four sessions
with farmer groups, we grouped participants according to
different criteria to get a variety of decisions. For the Re-
joso watershed, we conducted two sessions with participants
who had experience with the recent Payment for Ecosystem
Services (PES) programme (Leimona et al., 2018) and two
sessions with participants from neighbouring villages where
the PES programme was not active. For the Pawan–Kepulu
peatland, we conducted a game session with members of the
village forest management unit, a session with members of
an active farmer field school and two sessions with people
who are not members of the village forest management unit
or the farmer field school. Game sessions took place in a cen-
tral location in each of the landscapes to allow easy access for
all the participants. During the game session, the participants
were asked to play the game in the role of a farmer in their
location in the landscape.

Each game session required half a day of implementation
(briefing, simulation and debriefing), excluding game prepa-
ration and participant surveys for further research. We started
the session with a briefing of around 10–15 min to help par-
ticipants connect with the game by introducing the environ-
ment, setting goals and clarifying the roles and rules of the
game (Rudolph et al., 2014). After completing the game, we
did a debriefing of around 30–40 min to allow participants to
reflect on what they experienced and learned during the game
(Crookall, 2023; Kim and Yoo, 2020). To maintain consis-
tency of H2Ours for different game sessions, we used the
game session guideline provided in Appendix B.

The game explores the trade-off space between economic
and environmental outcomes, with the responses from play-
ers during the debriefing adding further insights. The eco-
nomic and environmental outcomes were calculated based
on the average economic and environmental conditions as a
result of decision-making regarding land use combinations
during a game simulation over 10 rounds. We present these
results together with the results of the solution space analysis
to show the positions of player decisions compared to ran-
dom decision-making. During the debriefing, we asked the
participants several questions, e.g. whether they enjoyed the
game, what knowledge they gained from the game, how they
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responded to government regulations of the type included in
the game or how they felt seeing other group decisions and
their strategies as a member of a multi-stakeholder forum (for
a study case, see the Pawan–Kepulu peatland).

2.6 Game evaluation

The aim of the evaluation stage is to assess the game ses-
sion process and the quality of the game as the bases for the
game’s performance to fulfil its objectives. The game session
process was evaluated based on game performance criteria in
the forms of rules that can be understood, fun and playability
over time. The quality of the game is assessed based on the
scientific logic and reliable knowledge used to build the game
(credibility), its relevance to societal issues (salience) and
its acceptance by its participants (legitimacy) (Cash et al.,
2002; van Voorn et al., 2016). For the effectiveness of the as-
sessment, we followed an input–output assessment process,
which evaluated the input used in the game during the devel-
opment process and the output after the game session (Bed-
well et al., 2012). We followed the latter approach and car-
ried out the evaluation based on several criteria that refer to
credibility, salience and legitimacy (Table C1 in Appendix C)
using some criteria developed by Belcher et al. (2016).

Because Belcher’s long list of criteria (Belcher et al.,
2016) was originally used to assess the quality of the re-
search, for this study we chose several criteria that were rele-
vant to the game quality. Each of these criteria was measured
during the game design process and after the game imple-
mentation. We measured these criteria according to how they
were associated with the condition and diagnosis of the study
area (Sect. 2.1 and 2.2) and the game development process
(Sect. 2.3). Please see Table C1 for the parameters and sec-
tions associated with each criterion. Rapid evaluations were
conducted after the game session to assess the process and
quality of the game session. We converted these game per-
formance criteria and the credibility, salience and legitimacy
criteria to Likert questions and asked all the game partici-
pants to fill in the survey. In the Likert survey, we used five-
point scales (strongly disagree, disagree, neutral, agree and
strongly agree) in six statements to ask the participants about
their feelings during the game, their understanding of the
rules of the game, the length of the game simulation, new
knowledge that they got from the game and adaptation of the
game to their reality.

3 Results

We organised this section by presenting the Rejoso watershed
version and the Pawan–Kepulu peatland version site by site
to make it easier to see the similarities and differences be-
tween the two applications, even though the Pawan–Kepulu
peatland version of the H2Ours game was developed after the
Rejoso watershed version.

3.1 Diagnosis of the study areas and issues

Based on the results from the DPSIR and ARDI analyses,
we found that the Rejoso watershed and the Pawan–Kepulu
peatland showed similarities in their socio-hydrological con-
texts (Table 1). Stakeholder expectations for improved eco-
nomic conditions led local communities to change land cover
and extract excessive amounts of water resources (ground-
water), causing disruption of the water balance. This dis-
ruption resulted in local communities and multi-stakeholder
forums experiencing various hydrological problems, such as
water shortages (or decreased groundwater levels) and flood-
ing. However, the hydrological contexts of these two sites
also differ, such as hydrological boundaries, topography, wa-
ter management and interactions between stakeholders and
the landscape (Figs. 3 and D1). Two proposed solutions (re-
sponses) were identified by ICRAF and Tropenbos Indonesia
based on their research findings to restore hydrological func-
tions in watersheds and peatlands, i.e. better land use man-
agement and (ground)water management (Table 1, compo-
nent 7 – “Response”).

The interaction between the stakeholders and the land-
scape is represented by the types of decisions made by
the multi-stakeholder forums and local communities regard-
ing their landscape. Local communities (farmers from the
upstream, midstream and downstream villages in the Re-
joso watershed and farmers from neighbouring villages: Vil-
lages 1–4 in the Pawan–Kepulu peatland) have the author-
ity to make decisions regarding their land, including land
use and water management decisions (artesian wells in the
Rejoso watershed and canal blockage in the Pawan–Kepulu
peatland). Multi-stakeholder forums have authority over reg-
ulations and programmes applied to local communities to
achieve their goals. They can refer to their existing or po-
tential regulations and programmes.

3.2 Game development: the H2Ours game

3.2.1 Scope and objective of the game

The H2Ours game has the objective of helping to share
knowledge and build collaboration between stakeholders in
order to restore hydrological functions in a landscape. We
determined the goals for the H2Ours game simulation in the
two study areas to be sharing of knowledge and facilitation
of collaboration, specifically for groundwater restoration and
flood prevention (Table 1). However, the H2Ours game in
the Rejoso watershed addressed the supply and utilisation
of deep groundwater, while in the Pawan–Kepulu peatland
it addressed peatland groundwater as an indicator of the wet-
tability of peatlands and their vulnerability to land fires.

3.2.2 Roles

Based on the stakeholder identification survey in the Re-
joso watershed and the Pawan–Kepulu peatland, we defined
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Figure 3. Socio-hydrological model of the Rejoso watershed, defined using the ARDI framework. Interactions between actors themselves
and between actors and the landscape influence the land use composition. The land composition affects the hydrological and economic
situations, which influence the interactions reflexively. A similar socio-hydrological model with some adjustments for the Pawan–Kepulu
peatland was also developed (Appendix D).

two key roles in this game, i.e. a multi-stakeholder forum
and local (or farmer) communities. The goal of the multi-
stakeholder forum is to prevent natural disasters, specifically
water scarcity and floods in the Rejoso watershed and fires
and floods in the Pawan–Kepulu peatland. In the Rejoso wa-
tershed, local communities can be grouped into people who
live in the upstream village, midstream village and down-
stream village based on the village elevation. Meanwhile,
in the Pawan–Kepulu peatland, local communities can be
grouped into four groups of people living in four neigh-
bouring villages (Village 1 to Village 4). Local communities
represent landowners. Their goal is to meet their household
needs (to produce sufficient food and to raise sufficient funds
to pay taxes). The H2Ours game brings the various interests
of these actors together and shows how they make their deci-
sions regarding the management of land and water resources
to meet their economic and environmental expectations.

3.2.3 Rules

At the start of the game, players (i.e. multi-stakeholder fo-
rums or local communities) received a limited amount of play
money. Community members were asked to manage their
land to meet their household needs by arranging the land
use type combination and water management in their area
with the play money provided, while multi-stakeholder fo-
rums were asked to run programmes or to help reduce a local
community’s financial problems. Once players decided how
they would manage their land or community programmes,
the economic and environmental rules linked to those land
use decisions were applied (Table 2). These rules then de-
fined the dynamics of the economic and environmental con-
ditions (see Tables 2, D1 and D2 for the Pawan–Kepulu peat-
land).
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Table 1. Framing problem definition for the Rejoso watershed and the Pawan–Kepulu peatland, Indonesia. Problem definition was done
using the Drivers, Pressure, State, Impact and Responses (DPSIR) and Actors, Resources, Dynamics and Interaction (ARDI) frameworks,
based on ICRAF and Tropenbos Indonesia research findings.

Component Rejoso watershed Pawan–Kepulu peatland

1 Hydrological
boundary or
landscape

Watershed (and/or groundwater catchment) Peatland hydrological unit

2 Zone partition 1. Upstream: elevation > 1000 m above sea level
(m a.s.l.)

2. Midstream: elevation 100–1000 ma.s.l.

3. Downstream: elevation < 100 ma.s.l.

1. Dome: peat depth > 6 m

2. Buffering area: peat depth 3–6 m

3. Shallow peat area: peat depth < 3 m

3 Driver To get better household income and livelihood

4 Pressure 1. Land use conversion to a non-tree-based sys-
tem in the recharge area (upstream and mid-
stream)

2. Massive artesian well construction for a paddy
field (downstream area)

1. Land use conversion to oil palm (dome and
buffering area)

2. Massive canal construction to drain peatland
water

5 State 1. Increasing runoff and decreasing infiltration
(upstream and midstream)

2. Increasing groundwater uptake (downstream)

1. Increasing water outflow from peatland and de-
creasing peatland water level. This condition
makes peatland become drier during the dry
season.

6 Impact 1. Decreasing groundwater supply in the Umbu-
lan spring

2. Floods (during the rainy season)

1. Peat fires (during the dry season)

2. Floods (during the rainy season)

7 Response 1. Land use or cover management

2. Better groundwater management through arte-
sian well management

1. Land use or cover management

2. Better groundwater level through canal block-
age management and distribution

8 Actors Multi-stakeholder forums and farmers or local communities

9 Resources 1. Money

2. Water balance (especially groundwater and
surface water)

1. Money

2. Water balance (especially groundwater and
surface water)

10 Dynamic 1. Land use or cover change

2. Water management (artesian well manage-
ment)

1. Land use or cover change

2. Water management (canal blockage manage-
ment)

11 Interaction Fig. 3 Fig. D1

When during the rainy season the total surface water in
the downstream area of the Rejoso watershed and in the shal-
low peat of the Pawan–Kepulu peatland exceeds its capacity
(> 800 mL), flooding occurs. When the groundwater exceeds
its capacity (> 700 mL), excess water flows to the Umbulan
spring in the Rejoso watershed and to the sea in the Pawan–
Kepulu peatland. However, when the groundwater was less
than 200 mL, it caused water shortages for agriculture in the
Rejoso watershed and made peat soil dry, which in turn trig-
gered fires in the Pawan–Kepulu peatland. These environ-

mental impacts decreased the overall community income. As
a consequence of this, the players might not have enough
money to manage their land, buy food or pay taxes in the next
round of the game. The multi-stakeholder forums with their
limited budget can then choose to help them by providing
financial help or creating regulations or programmes to pre-
vent these environmental problems. Through this gameplay,
we aimed to encourage players to collaborate to achieve their
goals.
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Table 2. Economic and environmental impacts as the rules of the H2Ours game in the Rejoso watershed. The variation in environmental
components resulting from different land use options in the upstream and midstream depends on the ability of the land use options to infiltrate
water, while the variation in environmental components downstream depends on the use of water based on farmers’ perceptions. The rules
of the H2Ours game in the Pawan–Kepulu peatland are in Appendix D (AF: agroforestry).

Land use Production cost Income and year Environmental impacts Environmental impacts
(money) (money) during wet years (mL) during dry years (mL)

Wet year Dry year Runoff Infiltration Water use Runoff Infiltration Water use

Upstream and midstream

All crops 12 25 13 40 0 0 0 0 5
Mixed AF low density 9 17 9 30 10 0 0 0 5
Mixed AF moderate
density

6 9 6 20 20 0 0 0 0

Mixed AF high density 3 6 4 10 30 0 0 0 0
All trees 1 0 0 0 40 0 0 0 0

Downstream

Paddy 12 12 25 0 0 10 0 0 15
Maize 9 15 18 0 0 5 0 0 10
Orange 7 11 15 0 0 0 0 0 5
Cucumber 9 15 13 0 0 2.5 0 0 7.5
Banana 5 10 10 0 0 0 0 0 0

In addition, the economic and environmental conditions
during the game are influenced by the yearly weather that
could be either wet or dry. In each round, the participants
decided on land use, not knowing whether the next round
would be a dry or wet year.

3.2.4 Game solution space analysis

From the comparison results between 3, 10, 30, 100, 300 and
1000 computer-simulated random-walk iterations, we found
that the shape and distribution of economic and environmen-
tal outcomes began to stabilise at 300 iterations. Therefore,
we used 300 computer-simulated game sessions with ran-
domly selected land and water use options as the basis for
creating the solution space of this research and as a refer-
ence for the player-based game sessions. In 300 computer-
simulated game runs with a random decision-making pro-
cess, the groundwater distribution varied depending on the
location, while the distribution of surface water in the up-
stream and midstream areas remained almost the same, and
in the downstream area it was wider (Fig. 4a and b). Up-
stream and midstream had almost the same frequency distri-
bution of surface water flows, while runoff from the upstream
and midstream areas was dominated by wet years, which then
may potentially cause flooding downstream in the same year.
Contributions to groundwater from the upstream and mid-
stream areas also responded to wet years, while groundwa-
ter utilisation by downstream stakeholders mostly occurred
during dry years. Therefore, the frequency distributions of
groundwater contributions were wider than those for surface
water.

Related to the economic outcomes (Fig. 4c and d), ef-
forts to increase infiltration in the upstream and midstream
areas did not contribute much to increasing the income of
the community. However, the efforts of farmers in the up-
stream and midstream areas to improve their economic con-
ditions resulted in increased runoff, which caused flooding in
the downstream areas. Therefore, for the downstream area,
the relationship between environmental and economic con-
ditions varies because of the influence of upstream and mid-
stream conditions.

The presence of relationship values between humans and
nature and between humans and other humans (relational val-
ues) influences decision-making regarding natural resource
management (van Noordwijk et al., 2023, 2020). Therefore,
the decisions made by the players during the game are in-
fluenced by various factors (e.g. interactions between play-
ers, game settings, level of player ecological knowledge)
(Rodela and Speelman, 2023), while computer-simulated
random decision-making is used to build the game’s solu-
tion space. For example, when the upstream and midstream
groups decided to maintain and improve their economic con-
ditions, they caused a reduction in groundwater supply and
increased flooding in the downstream area, which caused the
downstream group to pay for the losses they experienced.
Apart from that, during the game session the facilitator also
provided PES scenarios (Appendix B, gameplay no. 9: re-
peat step 6 for the rest of the rounds with additional scenar-
ios such as providing payment for ecosystem services). This
scenario offered downstream groups to contribute a certain
amount of money to maintain more trees in the upstream and
midstream areas. Therefore, the downstream player groups
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Figure 4. Simulation of the hydrological and economic situations in the H2Ours game using a random value (N = 300) and actual game
simulation (obs.) results (N = 4) for the Rejoso watershed. (a) Distribution of the infiltration contribution from the upstream and midstream
areas and the groundwater supply downstream based on simulation with the random value. (b) Distribution of the runoff contribution from
the upstream and midstream areas and surface water accumulation downstream based on simulation with the random value. (c) Groundwater
situation and economic situation based on random-value simulation and actual simulation. (d) Runoff situation and economic situation based
on random-value simulation and actual simulation. Appendix E provides a further analysis of the solution space.

always spend more money than the midstream and upstream
player groups, either as a loss due to the environmental con-
sequences (floods or water scarcity) or due to their efforts to
prevent negative impacts by joining the PES programme.

3.2.5 Game properties

To make the game engaging, we prepared game materials
such as a game board to represent the landscape, land use
tiles according to the existing and future land use types, a
play money token and a water infrastructure token (Fig. 5).
We also created a stylised miniature water balance (Fig. 6)
to demonstrate how surface water flows can cause floods and
how water infiltration increases groundwater supply. After
each round calculating the economic and environmental con-
ditions based on Table 2, we asked the players to pay pro-
duction costs and taxes and get income and incentives using
play money. The water balance was shown using a miniature
with real water according to the produced surface water and
groundwater.

3.2.6 Game testing

From the results of checking the game calculation in Excel,
we adjusted the values used in the rules to ensure that these
values are sensitive enough to changes in strategy by play-
ers, i.e. the initial money given to players, as well as the
initial water for groundwater and surface water. The role-
playing testing with project members allowed us to validate
the game scenarios that would be applied in the game imple-
mentation. With the university students, we adjusted the flow
of the game and set the number of rounds to 8–10 and the
length of the simulation time to 2 h. With the local communi-
ties (non-targeted participants), we checked the terminology
used during the game session.
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Figure 5. Game board and land use and cover tiles of the H2Ours game in the Rejoso watershed. The land cover options in the upstream and
midstream areas vary based on their ability to infiltrate water, while in the downstream area they vary based on farmers’ perceptions of water
utilisation. See Appendix D for the game materials for the Pawan–Kepulu peatland.

Figure 6. Simple water balance model of the H2Ours game in the Rejoso watershed to show the dynamics of changes in hydrological
conditions because of land use change and water utilisation. See Appendix D for the simple water balance model of the Pawan–Kepulu
peatland.

3.3 Game implementation

The game session with the H2Ours game takes approxi-
mately 2 h (excluding briefing and debriefing). For the Re-
joso watershed version, the 2 h game session consisted of
10 rounds with 6–12 players divided into three groups (or 2–
4 players per group) acting as local communities: upstream,
midstream and downstream. In the Pawan–Kepulu peatland
version, the 2 h game session consisted of eight rounds with

8–16 players divided into four groups, and the players were
asked to select their village name as the first step towards
creating ownership. In both versions, an additional group of
players consisting of two to four people can act as public
stakeholders (government, companies, NGOs) and interact
with villages.

During the game session, players in their roles as farm-
ers or local communities tried to improve their household in-
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come and livelihood to at least manage until the next year.
The results of the game implementation showed that there
was a trade-off between economic and environmental condi-
tions and between the upstream, midstream and downstream
groups (Fig. 4 below). In the Rejoso watershed, the efforts
of the upstream and midstream communities to improve their
economic situation by increasing their crop area brought neg-
ative environmental impacts for downstream communities
such as flooding and water scarcity. The efforts of upstream
and midstream communities to reduce these problems re-
sulted in a reduction in their economic outcomes. This sit-
uation led to negotiation between communities. In contrast,
the negotiation process in the Pawan–Kepulu peatland was
related to the canal blockage construction between villages
with the multi-stakeholder forum. To achieve a closed hy-
drological system to maintain the wetness of the peatland,
the construction of the canal blockage must be carried out
collectively by all the villages according to the location as
suggested by the multi-stakeholder forum. The construction
of the canal blockage reduced the income of farmers or local
communities due to decreased yield or increased harvesting
costs. Furthermore, the multi-stakeholder forum persuaded
the community by providing compensation for maintaining
more trees to protect the peat dome area.

During the debriefing sessions, the participants in the Re-
joso watershed and the Pawan–Kepulu peatland mentioned
that the game showed that any decision at the plot level im-
pacted the hydrological function at the landscape level. They
also mentioned that, when they did not meet their economic
needs, the economic conditions became their priority. In ad-
dition, they indicated that they would accept any regulation
or programme from other stakeholders as long as their in-
come was not significantly reduced. However, if that did hap-
pen, they expected some financial compensation. From the
perspective of the multi-stakeholder forum, they said that it
would be easier if the village knew what they wanted in ad-
vance so that the programmes and assistance are able to meet
their needs. In addition, regulations should be complemented
by supporting schemes such as compensation or incentive
schemes, not just regulations issued by the government. Fur-
ther analysis of these different perspectives will be presented
in follow-up papers (Tanika et al., 2024, in preparation).

3.4 Game evaluation

After playing the game, the participants of both study ar-
eas were asked to fill out a survey to assess the credibility,
salience and legitimacy of the game (Appendix C, Table C1).
For the credibility of the game, the survey showed that, on
average, 87 % of the participants from both study areas indi-
cated that they understood the rules of the game well or even
very well, while 78 % of the participants indicated that they
knew the purpose of the game. For the salience and legiti-
macy of the game, the survey showed that 92 % of the partic-
ipants gained new understanding and that 87 % said that they

were able to apply the knowledge that they took away from
the game to real life. Besides the credibility, salience and
legitimacy criteria, we also asked the participants for their
opinion of the game session process. From the survey, 87 %
of the participants enjoyed the simulation and 79 % of them
felt that the length of the game session was fair.

4 Discussion

To meet the first objective of this paper to develop an adapt-
able serious game that can represent the socio-hydrological
system, we presented a generic version of the H2Ours game
as a result of the development and modification process in
two different landscapes in Indonesia (Sect. 4.1). Then, to
assess whether the H2Ours game can facilitate knowledge
transfer and knowledge sharing regarding water use and man-
agement and whether it can support negotiation and coordi-
nation between various stakeholders as the second objective,
we evaluated the H2Ours game based on input–output assess-
ment according to evaluation criteria (Sect. 4.2).

4.1 The adaptability of the H2Ours game allows
simplification of complex socio-hydrological
systems

The complexity of a system is closely related to the inter-
dependent information and interactions between elements
in the system (Vidal and Marle, 2008; Rumeser and Em-
sley, 2019). A serious game and its associated conceptual
models help to simplify this complexity by reducing the
amount of information and interactions and by only show-
ing the most relevant information from a holistic perspec-
tive (Strait and Dawson, 2006; Rumeser and Emsley, 2019).
For the development of the H2Ours game, we used the DP-
SIR and ARDI frameworks to identify the components and
interconnections of the complex socio-hydrological system
of the Rejoso watershed (Table 1, column 3). The Rejoso
watershed version of the H2Ours game was then adapted to
the Pawan–Kepulu peatland version by modifying the socio-
hydrological condition (Table 1, column 4). Therefore, these
well-established frameworks act as a generic version of the
H2Ours game, which can easily be modified according to
other socio-hydrological realities.

The two study sites experience more complex socio-
hydrological problems than represented in the H2Ours game.
In our game, the water quantity issues were represented in
line with national priority issues in that location, which re-
sulted in groundwater scarcity and floods for the Rejoso wa-
tershed (Fig. 3) and fire and floods for the Pawan–Kepulu
peatland (Fig. D1). In reality, the Rejoso watershed also ex-
periences other hydrological problems, e.g. erosion and land-
slides in the upstream areas and water quality degradation
due to the high amount of chemical fertiliser (Amaruzaman
et al., 2018; Leimona et al., 2018), while the Pawan–Kepulu
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peatland also experiences land degradation and water con-
tamination because of mining in the upper area of the peat-
land (Widayati et al., 2021). The complexity of a socio-
hydrological system is formed due to many relationships
and interconnections of the various components (aggregate
complexity), and therefore self-organisation through gradual
learning is the key to a better transformation (Manson, 2001).
If all the real-life problems are included at once in the game,
the risk of confusing people increases, especially those with-
out a technical educational background (Gomes et al., 2018),
which would preclude their understanding of the causes and
effects of the problem. Therefore, by unravelling each indi-
vidual problem and showing its causes and associated im-
pact, players were able to expand their understanding gradu-
ally. We believe that the generic H2Ours game creates the op-
portunity to explore different problems, allowing the players
to gain a deeper understanding and start building connections
between various problems. In this way, it is possible to create
opportunities to build overall socio-hydrological understand-
ing in the future.

By comparing the H2Ours game in the two study areas, we
found that there were game elements that could remain the
same, while others had to be adjusted to the local situation.
Game elements related to the interactions between humans
or between humans and the environment (relational value)
are similar in the two study areas (e.g. land use management
to maximise profits, effort scenarios to restore hydrological
functions, the need for coordination and negotiation among
stakeholders). As such, these elements remained the same
between the locations (“Driver” and “Pressure” in Table 1).
However, the environmental response to the drivers and pres-
sures generally requires technical adjustments to local condi-
tions (e.g. hydrological boundaries, land use types and com-
position, water infrastructures, hydrological systems) (Ta-
ble 1, “State” and “Impact”). Therefore, our generic H2Ours
game (defined using the components of Table 1) proved to
be easy to adapt to other problems and/or locations. In addi-
tion, it is expected to overcome the complexity of a system
as we can choose the most important and most influential
socio-hydrological problems that need to be addressed.

4.2 Game evaluation and lessons learned

During the game design, we evaluated the H2Ours game
using the input–output assessment process (Bedwell et al.,
2012). Here, credibility, salience and legitimacy were as-
sessed throughout the different stages of the H2Ours game
development (Fig. 1). During the game development of the
Rejoso watershed, we assessed the credibility of the H2Ours
game by relying on the biophysical and hydrological re-
search, including hydrological modelling through the Gen-
River model (Leimona et al., 2018; Suprayogo et al., 2020),
while the Pawan–Kepulu peatland is based on the biophysi-
cal measurement and hydrological modelling (Tanika et al.,
2024, in preparation). For the salience and legitimacy, we re-

lied on the results of participatory research involving vari-
ous stakeholders in the Rejoso watershed and the Pawan–
Kepulu peatland (Amaruzaman et al., 2018; Leimona et al.,
2018; Widayati et al., 2021; Leimona and Khasanah, 2022).
By considering the criteria of credibility, salience and legiti-
macy since the data and information collection, it was easier
for the H2Ours game to fulfil these criteria during the evalu-
ation after the simulation.

We limit the evaluation in this study to the quality of the
game as a product. As a serious game, H2Ours has certain
goals that it needs to meet (Rodela et al., 2019), i.e. as a tool
that can facilitate the transfer and sharing of knowledge from
its players to support the coordination and negotiation pro-
cess (Sect. 3.2.1). Evaluating the game in fulfilling its ob-
jectives is more complicated than evaluating the game ses-
sion process. Ideally, the evaluation of the game in achieving
its objectives can be evaluated after several simulations at
various levels of simulation and should be conducted before,
during and after the game sessions (Oprins et al., 2015). The
evaluation of the game in meeting the objective will be car-
ried out in the next paper by providing evidence of changes
in participant perceptions.

As hydrological problems are usually complex and fun-
damental, any potential solution requires ample time for in-
tegrated planning and requires all relevant stakeholders to
understand the dynamics of the system on a large scale
(Medema et al., 2019). The H2Ours game tries to provide
a simple representation of the landscape so that it makes it
easier for players to be aware of the conditions of neighbour-
ing players and to gain a system-level perspective of socio-
hydrological issues. Improving player knowledge by looking
at socio-hydrological problems in a broader context encour-
ages responsible behaviour towards the environment, which
is directly proportional to commitment (Keles et al., 2023).
The evaluation of the game after the simulation (Fig. 7) in-
dicated that most of the participants gained new knowledge
from the game which they could apply to real life. Trans-
parency of the rules of the H2Ours game allowed the play-
ers to see the interdependent connections between elements
in the complex socio-hydrological system more clearly and
made it easier for the players to explore various possibilities
and to gain lessons from the reflection results (Kolbe et al.,
2015; Kolb and Kolb, 2005; Fanning and Gaba, 2007). Dur-
ing the game session, after the players began to understand
how the H2Ours game worked, the players started to initi-
ate communication in the form of negotiations or coordina-
tion between groups or with external parties such as multi-
stakeholder forums. This is in accordance with the four in-
teracting knowledge-to-action steps in restoration strategies,
where commitment begins after mutual understanding has
been gained (van Noordwijk, 2018). One of the advantages
of a serious game is that participants interact directly with
the environment and get feedback as quickly as possible so
that they can immediately analyse and correct inappropriate
strategies (Bartolome et al., 2011; Feng et al., 2018). More-
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Figure 7. Game evaluation from the participants in the Rejoso watershed (N = 41 people) and the Pawan–Kepulu peatland (N = 52 people).

over, during the H2Ours game session, players were faced
with the game simulation that resembles an actual simula-
tion, so they are indirectly encouraged to find possible solu-
tions together as the two last parts of restoration strategies
related to operationalisation and innovation.

There are several lessons learned from the H2Ours game
development and simulation process in this study. First, set-
ting up the game material with attributes of the local con-
text helped participants to build emotions during the simula-
tion. Second, to maintain participant commitment to restora-
tion efforts after the game session, it is important to show
that their collaborative and collective actions really worked
in achieving their goals at the end of the game simulation.
Third, based on the evaluation and debriefing results, even if
they stated that they could apply the ideal collaborative ac-
tions that were explored in the game session, in real life, the
enabling conditions needed to support this still need to be
built (e.g. regulation, integrated planning strategies). As the
game is a simplification of the real-life system, forms of col-
laborative action can be discussed directly by the players. In
real life, the parties that are needed for successful collabora-
tion may not easily meet each other to discuss issues openly.
Therefore, it is necessary to create a condition where stake-

holders can meet and explore collaboration options to jointly
address issues and achieve goals. Without such encounters,
the commitment referred to in the four knowledge-to-action
chains cannot be attained.

The H2Ours game clearly showed the trade-off between
the economy and the environment by calculating economic
and environmental performance indicators in each round af-
ter the players changed the land use combination and water
management. As a result, the relational values between hu-
mans and between humans and nature (e.g. trees and water
being descended from their predecessors and being a legacy
for their descendants, the use of certain woods in religious
rituals) sometimes become blurred. A very clear trade-off
between the economic and environmental conditions has led
players to make decisions based solely on economic value.
Therefore, the cost–benefit calculation of conservation activ-
ities needs to be done carefully in this game or include social
values as part of the scenario in the game.

In this research, we invited participants from the upstream,
midstream and downstream areas to play from the perspec-
tive of their location in the landscape. We expect that this
impacted how the game was played. We intend exploring the
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impacts of role-switching by asking farmers to play the role
of a farmer in another location in the landscape.

5 Conclusion

The generic version of the H2Ours game allows for explo-
ration of the complexity of a socio-hydrological system. The
game can easily be modified according to different needs and
conditions. The complexity of the socio-hydrological system
can be applied separately and/or simultaneously, depending
on the knowledge level of the intended participants. With an
adaptable game such as the one developed, the game designer
can adjust the level of complexity included in the game and
even include an advanced simulation that combines all possi-
ble problems and interactions found in a socio-hydrological
system.

The H2Ours game was able to facilitate knowledge trans-
fer and knowledge sharing and triggered collaborative ac-
tions by simplification in time and space. The H2Ours game
saves time because the transparency of the rules allows the
players to see that the restoration target is something that can
be achieved in the future with a clearer perspective by ex-
ploring various strategies and scenarios during the game ses-
sions. Space simplification allowed the players to see the en-
tire landscape and the relationships between components that
influence each other. In addition, they can easily see the var-
ious enabling conditions needed to implement the strategies
in the game in real terms (e.g. the need for multi-stakeholder
collaboration or a restoration master plan).

Appendix A: H2Ours rule development

One of the challenges in developing or modifying the H2Ours
game is to provide values for the economic and environmen-
tal impact components for each type of land use. Here is a
simple guide to modifying the H2Ours game rules.

1. Determine the types of land use in the landscape. If
the land use types are varied enough, take the four to
six most dominant land covers, including the new land
use types that might be intervened in.

2. For each type of land use, determine the economic value
(production costs and income) and the environmental
value (runoff, infiltration, water use). The value used as
a rule does not have to be the actual value. You may
only use the ratio between the land use types after set-
ting up the maximum and minimum values. A simple
method to collect this information is to conduct a sur-
vey with several farmers and ask them to rank or score
the land use type based on their economic and environ-
mental impacts (Fig. A1).

3. Determine infrastructures to be used in games that
might affect economic and environmental conditions

(e.g. artesian wells for irrigation, canal blockage, water
storage).

Determine how each of these infrastructures affects
economic and environmental conditions (e.g. artesian
wells, construction costs, threats, amount of groundwa-
ter extraction). You can conduct a survey to collect that
information and then normalise the value following the
economic and environmental values.

4. During the game testing, assess those values with the
participant as to whether they are reasonable and repre-
sent their actual condition.
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Figure A1. (a) An example of the results from sorting the types of land use in the Rejoso watershed by one of the local farmers: (1) water
use, (2) production costs, (3) income during the wet season, (4) income during the dry season, (5) preferences during the wet season and
(6) preferences during the dry season. For the water balance component, we derived the hydrological model parameterisation. (b) Example
results from scoring land use types during the focus group discussion with some farmers in the Pawan–Kepulu peatland to collect information
about preferences, peat soil suitability, production costs, income during the wet and dry seasons, yields during the wet and dry seasons, water
use, dependence on the presence of a canal, vulnerability rate regarding floods and vulnerability rate regarding drought.
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Appendix B: Guideline for facilitating the H2Ours game

Overview Simulation of the impact of land use or cover
change and water management on the hydro-
logical situation (water balance)

Objective Knowledge sharing and decision-making to
support collaborative and collective actions
among stakeholders

Benefits 1. Players can explore many scenarios of
land use and cover and water manage-
ment, and they can see the impact on
their hydrological situation.

2. Players can feel the trade-off between
the economy and environment and ex-
plore the solutions.

3. Players can learn about negotiation and
collaboration.

Duration 2 h (or around 8–10 rounds)
Number
of players

6–16 players

Material 1. Board of the game

2. Land use tokens

3. Money tokens

4. Mini water balance simulation model

5. Water infrastructure token (optional)

Game play

1. Welcome all the players and give a general introduction
to the workshop and game or simulation.

2. Select two to three people from the players to act as
public stakeholders whose role is the management of the
whole watershed or peatland by providing regulations or
programmes to prevent various environmental problems
(optional).

3. Group the remaining players into three groups (for the
watershed version) or four groups (for the peatland ver-
sion) to represent the farmers from different villages.
During the game simulation, their goals are to live hap-
pily by fulfilling their needs.

4. Brief players by giving explanations and definitions of
the terminology that is often used in the game, and build
connections between the game properties and their ac-
tual situation so that the decisions made by the players
are very close to their reality.

5. Introduce a co-facilitator for each group to help calcu-
lation of economic resources (optional).

6. Give initial money to the players (300–450 per group)
and initial groundwater and surface water in the water
balance simulation model.

7. Start the round by asking the players to decide on their
land use system, and then calculate the economic and
environmental impacts based on the (random) weather
situation in that round.

8. Repeat step 6 for rounds 2 and 3 as the warm-up.

9. Repeat step 6 for the rest of the rounds with additional
scenarios, such as announcing regulation by the govern-
ment or providing payment for ecosystem programmes.
Through discussions or interviews you can develop the
scenarios based on the stakeholder perceptions of what
they should do to restore the hydrological function.

10. Hold a debriefing session by asking the players about
their strategies for achieving their goals and about their
feelings during the game simulation.

Appendix C: Criteria of credibility, salience and
legitimacy

In this study, we refer to the criteria of credibility, salience
and legitimacy of Belcher et al. (2016) in the development
and evaluation processes of the H2Ours game. Table C1
shows the criteria that we consider most relevant for repre-
senting the objective of the H2Ours game to facilitate knowl-
edge transfer and sharing to support negotiation and collabo-
ration among stakeholders. To use these criteria, we adjusted
the definition of each criterion from the original definition
(column 3) to a definition that meets the objectives of the
H2Ours game (column 4). Then, how we include each crite-
rion in the development and evaluation process of the H2Ours
game is shown in columns 5 and 6.
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Table C1. Criteria used to measure the credibility, salience and legitimacy of the H2Ours game (adapted from Belcher et al., 2016). The
criteria included were used to assess effectiveness in sharing understanding and encouraging collaboration in H2Ours game development and
simulation.

No. Criteria Original definition according to
Belcher et al. (2016)

Adjustment to meet the objec-
tive of the H2Ours game

How to include the criteria dur-
ing the game design

Evaluation after game imple-
mentation

Credibility

1 Clear problem
definition

The research problem is clearly
defined, researchable, grounded
in the academic literature and
relevant to the context.

The issues handled in the
H2Ours game are relevant to
the actual situation.

Diagnosis of the study area and
issues using ARDI and DPSIR
(Sect. 2.2)

Likert question: the possibility
of applying the knowledge from
the game to reality

2 Clear objective Research objectives are clearly
stated.

The objective of the H2Ours
game is clearly stated.

In scope and objective
(Sect. 2.4)

Likert question: understanding
the objective of the game

3 Appropriate methods The methods are fit for their
purpose and are well-suited to
answering the research ques-
tions and achieving the objec-
tives.

The methods used are scientifi-
cally proven.

The data and methods used are
scientifically proven with some
publications (Sect. 2.1 and 2.2).

There was no evaluation for this
criterion after the game because
we used a scientifically proven
method.

4 Clearly presented
argument

The journey from analysis to in-
terpretation and conclusions is
transparently and logically de-
scribed. Sufficient evidence is
provided to clearly demonstrate
the relationship between evi-
dence and conclusions.

The rules, dynamics and inter-
actions in the H2Ours game are
based on logical interpretation
supported by scientific data and
methods.

Component interaction analy-
sis based on ARDI and DPSIR
(Sect. 2.2 and 2.3)

Likert question: understanding
the rules of the game

Salience or relevance

5 Socially relevant
research problem

The research problem is rele-
vant to the problem’s context.

The problems and issues raised
in the H2Ours game are in ac-
cordance with the issues and
problems under the actual con-
ditions.

The information used based
on the participatory approach
(referring to a publication in
Sect. 2.1)

Likert question: the possibility
of applying the knowledge from
the game to reality

6 Engagement with
the problem’s context

Researchers demonstrate ap-
propriate breadth and depth of
understanding of and sufficient
interaction with the problem’s
context.

The H2Ours game is built by
demonstrating the interaction
of various elements (physical
and social, interaction between
stakeholders) that are shown
under actual conditions.

Problem analysis based on DP-
SIR (Sect. 2.2)

Likert question: the possibility
of applying the knowledge from
the game to reality

7 Explicit theory of
change

The research explicitly identi-
fies its main intended outcomes
and how they are intended and
expected to be realised and con-
tribute to longer-term outcomes
and/or impacts.

The H2Ours game was built ex-
plicitly to facilitate knowledge
sharing and knowledge trans-
fer to trigger collaborative ac-
tion among the various stake-
holders.

Set the purpose of the game in
the game development process
(Sect. 2.4).

Likert question: gaining new
knowledge from the game sim-
ulation

8 Relevant research
objective and design

The research objectives and de-
sign are relevant, timely and
appropriate to the problem’s
context, including attention to
stakeholder needs and values.

The objectives and design of the
H2Ours game are relevant to
the problem’s context, includ-
ing considering what the stake-
holder needs and their values.

Based on ARDI and DPSIR
analysis (Sects. 2.2 and 2.3)

Likert questions:

1. understanding the objec-
tive of the game

2. possibility of applying the
knowledge from the game
to reality

9 Appropriate project
implementation

Research execution is suitable
for the problem’s context and
the socially relevant research
objectives.

The solutions in the H2Ours
game are generated based on
activities that can be imple-
mented under actual conditions.

The solutions are based on
multi-disciplinary research
(Sect. 2.1).

Likert question: the possibility
of applying the knowledge from
the game to reality

Legitimacy

10 Effective collaboration Appropriate processes are in
place to ensure effective collab-
oration (e.g. clear and explicit
roles and responsibility agreed
upon, transparent and appro-
priate decision-making struc-
tures).

The H2Ours game shows trans-
parency of rules, responsibil-
ities and decision-making be-
tween the game participants, so
the players can build collabora-
tion between them.

Simple game rules based on
actual conditions to facilitate
participant game understanding
(Sect. 2.3)

Using the q methodology be-
fore and after the survey to
identify the change in stake-
holder perception

11 Genuine and explicit
inclusion

Inclusion of diverse actors in
the research process is clearly
defined. Representation of
actor perspectives, values and
unique contexts is ensured
through adequate planning,
explicit agreements, communal
reflection and reflexivity.

Involvement of various stake-
holders during the process of
H2Ours game preparation, de-
sign, implementation and eval-
uation to accommodate various
perspectives, knowledge, val-
ues and interests of stakehold-
ers

Involvement of various stake-
holders in this study (Fig. 1)

Likert question: the possibility
of applying the knowledge from
the game to reality
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Appendix D: H2Ours game for the peatland version
(case study for the Pawan–Kepulu peatland)

Based on some references, focus ground discussions and
interviews with various stakeholders in the Pawan–Kepulu
peatland, we found that this area experiences land and forest
fires during the dry year (season) and flood during the wet
year (season). Land cover conversion from forest to oil palm
plantation and crop season has led to massive canal construc-
tion to get better production. This situation makes the land-
scape drier during the dry year and vulnerable to fires.

The hydrological boundary of peatland is a peatland hy-
drological unit (PHU) as an area between two rivers. Usually
in this landscape there is a peat dome (the deepest peat area),
an area surrounding the peat dome (i.e. the buffering dome
area) and an area with shallow peat. Villages are spread over
the peat dome and the buffer zone, with them having different
proportions of peat dome and buffer zone areas. However, for
simplification, peat depth (including that of the peat domes)
was distributed evenly between the villages (Fig. D1). How-
ever, for future game adaptations, the peat depth distributions
in each village can be adjusted on the game board.

D1 Rules of the game

Based on measurement data, focus group discussions with
local farmers and some references, we designed the rules of
the H2Ours game for the peatland version by combining six
land use options (i.e. all trees, all oil palm, oil palm + trees,
oil palm+ seasonal crops, all crops, shrub or burnt area) and
three canal density options (without a canal, with low- and
high-density canals) (Tables D1 and D2).

D2 Game properties

The component of the H2Ours game for the peatland version
is similar to the watershed version, with modification on the
board as the landscape and land use options (Fig. D2). The
board is designed in such a way that it resembles a PHU with
a dome in the middle, a buffering area around the dome and
shallow peat on the outside. In the real simulation, we can
add rivers and roads to help the players have a connection
with their real situation.

Similar to the Rejoso watershed, the H2Ours game
for peatlands also has the same water balance miniature
(Fig. D3). This water balance model follows the hydrolog-
ical system in Fig. D1. In the groundwater system, each tank
has a fire vulnerability threshold. This threshold represents
40 cm below the soil surface in its actual condition as stipu-
lated by government regulations. If the groundwater in each
zone is below this limit, then the area has the potential for
fires, which causes harm to the local community.

In addition to the H2Ours game for the peatland version,
there is a peat infrastructure token in the form of canal block-
age and firefighters (Fig. D4). In reality, the canal blockage
blocks the canal to reduce or stop the groundwater outflow. In
this game simulation the canal blockage changes the land use
from high- to low-density canals or from low density to with-
out a canal. Firefighters helps to prevent fires in plots during
the dry year or season. However, providing canal blockage
and firefighters costs some money.
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Figure D1. Socio-hydrological model defined using the ARDI framework that was used to design the H2Ours game for the Pawan–Kepulu
peatland. Interactions between actors themselves and between actors and the landscape influence land use composition, which affects the
hydrological and economic situation, and then it influences interaction back.
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Table D1. Economic impacts in the Pawan–Kepulu peatland version together with the production costs in the dome area +2/plot and in the
buffering dome area +1/plot.

Land use options Canal density Production cost and year Income and year (money)

options in the shallow peat Wet year Dry year
area (money)

All trees Without 1 0 3
Low 1 0 3
High 1 0 3

All oil palm Without 6 6 9
Low 9 9 17
High 12 17 25

Oil palm + trees Without 3 4 6
Low 4 6 9
High 6 9 17

Oil palm + seasonal crops Without 5 4 8
Low 7 7 15
High 10 12 20

All crops Without 4 3 7
Low 5 5 13
High 8 7 15

Shrub or burnt area Without 0 0 0
Low 0 0 0
High 0 0 0

Table D2. Environmental impacts in the Pawan–Kepulu peatland version. We assumed during the dry year that there is no runoff or infiltra-
tion; a: dome area, b: buffering dome area, c: shallow peat area, x: runoff (mL), y: infiltration (ml) and z: groundwater outflow through the
canal (mL).

Land use Canal density Dry year Wet year

a b c a b c

z x y z x y z x y z

All trees Without 0 0 0 0 20 0 2.5 17.5 0 5 15 0
Low 7.5 5 2.5 2.5 17.5 10 5 15 7.5 7.5 12.5 5
High 15 10 5 5 15 20 7.5 12.5 15 10 10 10

All oil palm Without 0 0 0 10 7.5 0 12.5 5 0 15 5 0
Low 7.5 5 2.5 12.5 5 10 15 2.5 7.5 17.5 2.5 5
High 15 10 5 15 2.5 20 17.5 1 15 17.5 1 10

Oil palm + trees Without 0 0 0 5 15 0 7.5 12.5 0 10 10 0
Low 7.5 5 2.5 7.5 12.5 10 10 10 7.5 12.5 7.5 5
High 15 10 5 10 10 20 12.5 7.5 15 15 5 10

Oil palm + seasonal crops Without 0 0 0 15 2.5 0 17.5 1 0 17.5 1 0
Low 7.5 5 2.5 17.5 1 10 19 1 7.5 19 1 5
High 15 10 5 17.5 1 20 19 1 15 19 1 10

All crops Without 0 0 0 19 1 0 19 1 0 19 1 0
Low 7.5 5 2.5 19 1 10 19 1 7.5 19 1 5
High 15 10 5 19 1 20 19 1 15 19 1 10

Shrub or burnt area Without 0 0 0 20 0 0 20 0 0 20 0 0
Low 7.5 5 2.5 20 0 10 20 0 7.5 20 0 5
High 15 10 5 20 0 20 20 0 15 20 0 10
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Figure D2. Board of the H2Ours game for the peatland version that consists of the dome area, buffering dome area and shallow peat area (a).
Land use options (all trees, all oil palm, oil palm + trees, all crops and shrubs) with two canal densities without, low canal density, and high
canal density) for the Pawan–Kepulu peatland area (b).

Figure D3. Simple water balance model of the H2Ours game in the Pawan–Kepulu peatland to show the dynamics of changes in hydrological
conditions as a result of the changes in land use and canal density. The red line in each tank in the groundwater system represents the fire
vulnerability threshold.
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Figure D4. Additional tokens as canal blockage (a) and firefighters (b) for the H2Ours game.

Appendix E: Solution space of the H2Ours game in the
Rejoso watershed

The rules of the game determine the possible outcomes or so-
lution space, within which the specific choices made by the
game participants are located. If all the choices are random
(equal probability of all choices available) without responses
to the outcomes so far, substantial variation in outcomes is
possible. The primary outcomes of interest are the surface
water flows (rainfall not used as canopy interception evapo-
ration or infiltration into the soil) and the groundwater flows
(water infiltrating and not used for subsequent evapotranspi-
ration), all depending on both land cover and rainfall.

The first question in defining this solution space is the
number of random series that need to be evaluated to ac-
curately estimate the frequency distributions of outcomes in
various response parameters. We present data for 3, 10, 30,
100, 300 and 1000 iterations (Figs. E1–E4) (each including
10 rounds and 3 zones and thus 30 land use choices and
10 weather conditions, dry or wet). The actual game simu-
lation was only done four times; therefore, the closest so-
lution space has 3 or 10 random values, which is not suffi-
ciently representative of the distribution. Based on Figs. E1
and E2, the solution space distribution pattern starts to ap-
pear in 30 random data sets. Therefore, to see the actual dis-
tribution of the farmers’ decision-making, we need at least
30 game simulations. Figures E3 and E4 show that the rela-
tionship between economic conditions (money) and the envi-
ronment (groundwater and surface water) in the downstream
area is more scattered compared to the upstream and mid-
stream areas. However, related to groundwater supply down-
stream (Fig. E3), the groundwater supply and the economic
benefits obtained are higher. By contrast, the higher runoff
obtained from the upstream and midstream areas (Fig. E4)
will decrease their economic benefits.
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Figure E1. Distribution of the infiltration contribution from the upstream and midstream areas and groundwater supply in the downstream
area based on simulation with the random value.

Figure E2. Distribution of the runoff contribution from the upstream and midstream areas and surface water accumulation in the downstream
area based on simulation with the random value.
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Figure E3. Groundwater and economic conditions based on random-value simulation and actual simulation.

Figure E4. Runoff and economic conditions based on random-value simulation and actual simulation.
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