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Preface

About the MATISSE project

The MATISSE (Methods and Tools for Integrated Susiaility Assessment) project is funded by the
European Commission, DG Research, within th&@mework Programme. The project is interested
in the role that Integrated Sustainability AsseganiSA) could play in the process of developingl an
implementing policies capable of addressing peamsisproblems of unsustainable development and
supporting transitions to a more sustainable futnr&urope. The core activity of MATISSE is to
develop, test and demonstrate new and improvedaugtind tools for conducting ISA.

This work is carried out through developing andlgipg a conceptual framework for ISA, looking at
the linkages to other sustainability assessmentgsses, linking existing tools to make them more
useable for ISA, developing new tools to addremssitions to sustainable development and applying
the new and improved tools within an ISA processupgh a series of case studies.

The extent to which the case studies are carryutgaocomplete ISA for their area of focus varies
between attempts to cover all phases of an ISAga®do partial implementation of the process.
Equally, different case studies are oriented taetigping and testing tools and approaches to soute, b
not all, of the methodological challenges of ISAeTlcase studies are complementary, however, and
the set of cases offers the opportunity to addaessde range of methodological challenges and to
explore linkages between cases. An evaluation aftimal experiences with ISA implementation in
the case studies will provide guidance on the &rrttnprovement of methods and tools. Results will
also contribute to more informed policy advice.

What is ISA?

Within the MATISSE project, Integrated SustaindapilAssessment (ISA) has been defined as a
cyclical, participatory process of scoping, envisng, experimenting, and learning through which a
shared interpretation of sustainability for a speaontext is developed and applied in an integptat
manner, in order to explore solutions to persisfgoblems of unsustainable development. ISA is
conceptualised as a complement to other forms sfasability assessment, such as Sustainability
Impact Assessment, Integrated Assessment and Reyulenpact Assessment. Whereas these other
forms of assessment fulfil the pragmatic needeforantescreening of incremental sectoral policies
that are developed within the prevailing policyineg, ISA is conceptualised as a support to longer-
term and more strategic policy processes, whereolijective is to explore persistent problems of
unsustainable development that have a systemi®lpgth and possible solutions to these. ISA is
therefore oriented toward supporting the develogn@ncross-sectoral policies that specifically
address sustainable development and at explorirgbliag policy regimes and institutional
arrangements.

MATISSE Working Papers

Matisse Working Papers are interim reports of mtoetivities that are published in order to ilrase
ongoing work and some provisional conclusions, e & providing the opportunity for discussion of
the approaches taken by the project and interimlteesThis discussion should be both within the
project and between project members and the braadentific and policy communities. Readers are
encouraged to contact the authors to discuss titermoof MATISSE Working Papers.

Jill Jager and Paul Weaver
Editors of the MATISSE Working Paper Series



MATISSE Working Paper 25

Abstract

Our objective is to develop new ways of modellihg tlynamics of water system management that
provide for exploration and representation of aalttand behavioural change. Our approach is to
develop an interactive computer game. In the géahee water system is modelled using spatially-
explicit integrated assessment models, and wateagement is represented as the dynamic outcome
of interactions between water culture, water potiog actor behaviour. The purpose of the game is to
explore future pathways of water management inBbe River Basin in Spain, and contribute to a
social learning process amongst the players indolide paper reports work in progress, but the
conceptual approach has already been translate iptototype model format, which has been tested
and shows promise.

Keywords

Integrated Sustainability Assessment, Integratedessment Modelling, Participatory Agent-Based
Social Simulation, Water Culture.
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MODELLING CULTURAL AND BEHAVIOURAL
CHANGE IN WATER MANAGEMENT:
An integrated, agent-based, gaming approach

1 Introduction

Integrated Sustainability Assessment (ISA) is a mewcept for sustainability assessment (Weaver
and Rotmans, 2006). It complements existing forfrsustainability assessment by supporting longer
term and more strategic policy processes to exglersistent problem of unsustainable development.
Rotmans (2006) argues that to overcome persistefilgms requires fundamental societal changes
referred to as societal transitions. Amongst otheiés involves a co-evolution of practices
(autonomous behaviours and policy), culture (shasddes, norms, and beliefs), and some domain
system (for example the water system) eventuaiyltieg in fundamental system change. The course
of such a process involves many interactions batweey dissimilar features of the societal system.

is complex and difficult to grasp. New types of ratsdare required to facilitate a better understamdi
of fundamental societal change.

The objective of this paper is to explore such & approach for a better understanding of societal
transitions in the water domain, focussing on thiteractions between a water system, autonomous
behaviours, water policy, and cultural change. @pproach entails the development of an interactive
computer game for the case study of the Ebro masin in Spain. The game combines various
modelling approaches - such as system dynamicsGd8do represent the water system, and agent-
based modelling to represent autonomous stakehbleleaviours — while water policy and cultural
change is subject to the game itself. Apart frontewpolicy negotiations, the game explicitly inveds
reflection phases, in which various cultural asstioms underlying the water management discussion
are critically assessed. Also, the game allowsdfiection upon conflict and collaboration, andtha
emergence of new power structures and institutiouiak inherent to a sustainability transition.

This work builds upon various methodological strantldeparts from a perspective-based Integrated
Assessment Modelling (IAM) approach (Rotmans and\Dies, 1997; Hoekstra, 1998; Hoekstra,
2000; De Vries, 2001; Van Asselt and Rotmans, 2002his approach, the typology of perspectives
of Cultural Theory (Thompson et al., 1990) is usedievelop consistent model explorations of, for
example, the global water system, that illustrageiplications of fundamentally distinct worldview
and management styles. This approach is complechesith a participatory Agent-Based Social
Simulation (ABSS) approach (Pahl-Wostl, 2002; Bauwe 2003; Ramanath and Gilbert, 2004) to
better represent the processes of behavioural altuta change. Finally, the design of the game is
inspired by recent literature on socio-technicall dbhroader) societal transitions (Rotmans, 2005;
Geels and Schot, 2007; Loorbach, 2007) in whictd&mmental societal change is interpreted as the
outcome of a competition amongst a dominant acttwaork (the ‘regime’) and emerging alternative
networks (‘niches’).

The focus of this paper is on the modelling coregid the design of the game. Section 2 presents a
short overview of the previous work on integratsogial dynamics in IAMs up to the current state of
the art. In section 3, the conceptual models ugitgylthe design of the game are developed on the
basis of well-known model concept of Pressure-Stafmct-Response (PSIR). This concept is
elaborated upon with an explicit representationacfor dynamics as part of the ‘Response’. A
discussion of the response dynamics follows, on hhsis of a literature review on cultural,
behavioural and policy change. Section 4 links tiedel concepts to a concrete game design and
presents a first prototype of the game developedhi® case of water management in the Ebro river
basin in Spain. The discussion and conclusionisect and 6) highlight the limitations and potehti

of the approach, discuss its role in the ISA, eflen the developed approach and summarize key
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lessons learned. The Annex to this paper providesptotocol for the Water Game implemented in
March 2008.

2 Social Dynamics in Integrated Assessment Modellin g

IAM is a modelling paradigm typically aimed at adssing complex problems of sustainable
development. IAMs try to describe as much as péssite cause-effect relationship of a phenomenon
(vertical integration), and the cross-linkages anteractions between different subsystems and
processes (horizontal integration), including fesks and adaptations. IAMs generally take the form
of a system dynamics computer model, which may ay not include an explicit spatial dimension.
Relevant examples of IAMs addressing issues of matnagement are the AQUA model (Hoekstra,
1998), WaterGap (Alcamo et al., 2003), and QUESdrftichael et al., 2004).

One of the main challenges in IAM is to achievestidy representation of the ‘human dimension’ (i.e.
policy making and human behaviour) in the modelge @teresting approach in this context is the
perspective-based modelling approach (Rotmans andAsselt, 2001; Van Asselt and Rotmans,
2002) developed for the global change model TARGER&mans and De Vries, 1997; De Vries,
2001), including the water module AQUA (Hoekstr@9&; Hoekstra, 2000 ). In this approach, the
uncertainty surrounding global change and humarawebr is linked to the human perspective.
Following a typology of perspectives of Culturalebny (Thompson, Ellis et al., 1990), fundamental
beliefs on ‘how the world works’ (worldview) anddtv the world should be managed’ (management
style) are translated to consistent viewpointdhimwater management debate (see Table 1). These, in
turn, are implemented in the model in the form ohgistent interpretations of model uncertainty
(regarding various model parameters and equaticas), rules for water policy (e.g. regarding
alternative rules for inter-basin water transfar)l autonomous behaviours (e.g. regarding altemativ
equations for water demand). These so-called ‘mooaies’ show diverging trends of the global
(water) system and elegantly illustrate the impiara of fundamentally distinct worldviews and
management styles. However, they do not includaeymamics through which these worldviews and
management style may change.

For a better representation of the human dynamidéWs, several scholars (Janssen and De Vries,
1998; Moss et al., 2001; Van der Veen and Rotman®l) have proposed to extend the IAM
framework with Agent-Based Modelling (ABM). ABM cdpe considered as an umbrella term for
various agent-based modelling approaches (Agemtebawdelling, Agent-based social simulation,
Multi-agent-based simulation, Multi-agent simulaticAgent-based social simulation (see Hare and
Deadman, 2004) in which social entities are represeas computer agents acting upon their social
and natural environments. Various practical ABMlaggpion have been developed (for overviews see
Bousquet and Page, 2004; Hare and Deadman, 200dorieis and Mohring, 2005). A number of
them focus on water management issues, such ashwdsvater demand (Barthelemy et al., 2002;
Athanasiadis et al., 2005; Lopez-Paredes et 85 @gricultural water use (Barreteau and Bousquet
2000), lake eutrophication (Janssen, 2001), rivasirb management (Delden et al., 2005), and
hydraulics (Valkering et al., 2005; Espinasse anan€hesquin, 2005). Of specific interest is the
‘Battle of Perspectives’ application of Janssen BedVries (1998) that illustrates the dynamics of
worldviews and management styles in a multi-aggsitesn in response to agent observations from an
economy-energy-climate model.

Some agent-based applications are strongly inspiyesbcio-psychological behaviour theories (Jager,
2000; Valkering, Rotmans et al., 2005). Howeveg, phactical agent architectures of current ABMs
remain fairly simple. (Hare and Deadman, 2004) mesthat decision making models are based on
simple sets of heuristic rules and that socialradton tends to be implemented in terms of simple
nearest-neighbour imitation algorithms. Due to thisperty, the models are particularly suited to
assess the emergence of complex global behaviour §imple local interactions. However, they seem
to fall short of adequately assessing fundamewtEetal changes emerging from complex interactions
among highly reflexive agents operating at multggale levels.
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Table 1: Three cultural perspectives. General dtaratics and perspectives on water. Sources:

(Hoekstra, 1998) and (Thompson, Ellis et al., 1990)

Hierarchist Egalitarian Individualist
Position of | Humans partially | Humans are part of | Humans dominate
humans dominate nature nature nature
Primary motives | Expert norms Collective interests | Self-interests
for action
Myth of nature Robust within limits Fragile Robust
Risk Risk-acceptance Risk-aversive Risk-seeking
Management Control Prevention Adaptation
philosophy
Management Social stability and | Environmental Economic  growth
objectives safety protection and | and self-realization

equity

Management Government Participatory Free market
mechanism regulation decision-making

inhabited areas

Water demand A given need A manageable | Price driven
desire
Water availability | Stable runoff Stable runoff in | Total runoff or no

limits

Water quality | Functional quality | Pristine quality as | Economic value
evaluation standards reference
Water scarcity Supply problem Demand problem A market problem
Water sharing Meeting various | Basic supply to | Economic

water demands everyone optimization
Water conserving | Large scale | Small scale | Price driven

technology technology push technology push

Water price | Incremental price | Water tax Market pricing

policy increase

Artificial surface | Solution to water | Undesirable Desirable if cost

reservoirs scarcity effective

Wastewater Treatment to meet | Treatment and | 'Polluters pay'

policy standards decrease principle
production

In those cases, the participation of stakeholdethe development and application of the ABM may
improve the quality of the results. This approashraferred to as participatory agent-based social
simulation (participatory ABSS) (Pahl-Wostl and Bla?004; Ramanath and Gilbert, 2004), also
referred to as companion modelling (Barretau, 20B8vious participatory ABSS applications have
shown the value of the approach, both in termsoofas$ learning tools and social simulation models.
For example, the Zurich water game — developedaas qi the EU FIRMA project - was used to
improve the communication between actors in urbatemwmanagement (Pahl-Wostl and Hare, 2004).
Gurung et al. (2006) showed that their companiometimg approach helped to resolve a water-
sharing conflict between farmers in Bhutan. Guyot ddoniden (2006) and Briot et al. (2007)
describe a number of simulation experiments toystsslies of power and negotiation amongst agents

8
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involved in the coffee market (SimCafe), renewabdsource management (SimComMod) and
biodiversity conservation (SimParc).

These recent participatory ABSS applications gdiyefacussed on case studies where relatively
simple, local, clearly-defined management issudswald a detailed study of specific agent
interactions. This paper aims to combine methodetogf participatory ABSS with the perspective-
based modelling approach, to address a more comgexe involving the broader social,

environmental, economic and institutional dimensiohsocietal change.

3 Modelling Concept

3.1 Pressure, State, Impact and Response

The starting point of this analysis is formed bg ®SIR model (see, for example, Rotmans and De
Vries, 1997) of Figure 1. In the Ebro case — déediin the appendix — the most relevant socio-
economic pressures (P) are an increasing water ribmoeer the past century (mainly due to the
expansion of agriculture) as well as water pollutresulting from both agricultural and domestic
practice. On the environmental side, the reducelihst load in the river, land use changes (both
resulting from the construction of water resenjomad climate change are the main factors to be
reckoned with. The pressures result in state clwr{§ referring to the availability of water
(groundwater, soil water, lakes and channel floth water quality, and sedimentation processes.
These, in turn, lead to various impacts (I) on weter-related functions. These include: ecological
functions, such as habitat function, biodiversijmd land stability; economic functions, such as
farming, industry and energy supply; and sociakfioms such as household consumption and water
related recreation. The responses (R), finally, dikéded between water policy and autonomous
responses. Water policy in Spain has traditiontdken an approach of water supply management
favouring engineering options like reservoir comstion, and - more recently - water transfer and
desalination. However, the current approach isctiice more towards water-demand management,
advocating water use efficiency, water re-use, matieing, and awareness-raising. The autonomous
responses of stakeholders may include changesriculigral practices by farmers and changes in
lifestyle and migration patterns by the generalligpub

! Guyot’'s methodology is referred to as ‘agent-basadicipatory simulation’ and is considered a atioin of
the companion modelling approach
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Environmental pressures Socio-economic pressures

«Climate change *Water demand —
P eLand degradation Pollution

«Sediment balance

Water quantity Water quality

*Surface water *Various quality aspects
S «Groundwater N

l

Social impacts Economic impacts | | Ecological impacts
*Domestic water *Agriculture *Habitat function

I use *Energy production| | *Biodiversity
*Recreation eIndustry
Water policy Autonomous response

*Water reservoirssWater use *Farming practices

R *Water transfer efficiency sLife style
+Desalination  <Water pricing *Migration
*Water re-use  <Awareness raisin ...

Figure 1: The case study of the Ebro river basin fimed along the conceptual model of Pressure, State,
Impact and Response. Adapted from (Hoekstra, 1998).

3.2 Elements of the response system

The relations between the pressures, states amacispf Figure 1 areelatively well understood.
They can be modelled with environmental modelliaghhiques such as system dynamics and GIS,
drawing upon knowledge from climate science, hyalyg] geography, ecology, economy and sG on.
The main challenge lies in understanding the dyoalhwhange of the response. The analysis of the
Ebro case study (Torrecilla and Martinez-Gil, 200%bara and Ilhan, 2007) suggests that the
response dynamics originate from three stronghteel societal subsystems:

In theculture subsystem, deeply rooted, and broadly sharedfd@li@gricultural development as
the engine of Spanish economy, in water as an esiergood, and dams as a symbol of progress,
are slowly being replaced by beliefs in the spitfitvalue of water as a source of well-being, in the
importance of water ethics, and the necessity b$towater management.

In thewater policysubsystem, traditional institutions and organs®i(river basin authorities,
large scale farmers, and farmer organisationsy@mepeting with emerging ones (COAGRET
the platform of the Defence of the River Ebro, #melNew Water Culture (NWC) foundation) on
the development of the new AGUA water managemeant.pl

2 By no means, do we argue that such a modellingciseeis easy. IA modelling involves a number of
difficulties, such as information gathering, theoi® of aggregation and scale, and the management o
uncertainties.

3 Association of People Affected by Big Reservoirs

10



MATISSE Working Paper 25

In the system chutonomous respongecal farmers, citizens, and other stakeholdé&g an
important role in supporting (or not supportingy tharious institutions and organisations, and by
adopting (or not adopting) new water related pcastie.g. small-scale organic farming).

These three subsystems feed into the further dewednt of the response module within the PSIR
frame. The PSI-R model of Figure 2 frames the Bleder system as composed of two main
interacting parts: a water system — including thesgures, states and impacts — and an actor system
including an elaborated response model (henceRP8bdel). The elaborated response model frames
water policy and autonomous behaviour as the owtcofrmulti-actor processes. More specifically,
water policy is framed as the output of a policggass amongst representatives of water management
institutions and organisations (e.g. operating wvith ‘policy arena’). The autonomous response
results from the behaviour of individual stakeheosdesuch as local farmers, citizens and small-scale
companies (e.g. operating at the ‘individual lenyéVarious interactions are included between water
system, water policy, and autonomous responsewskter policy may be aimed at changing the water
system (e.g. through reservoir construction) otuericing the autonomous response (e.g. through
water pricing). The autonomous response influetek the environment (e.g. through a changing
water demand) and the policy arena (e.g. througinglo Both water policy and autonomous response
are influenced by the actors’ perceptions of théewaystem on which their actions are generally
based.

The actors within the policy arena and individealdl are assumed to be autonomous; they can decide
which goals to achieve and autonomously act aceghgi However, they are operating within, and
influenced by, a societal contéxin the conceptual model of Figure 2, this contextharacterized by

a dominantvater culture The water culture comprises dominant shared sddieliefs in relation to
water management, such as the ones listed in TiablEhese beliefs are assumed to constrain the
behaviours of individual stakeholders and policyoex alike. At the same time - considering the
duality of structure and agency expressed by Gisld@884) — it is the same actors who determine
what these dominant shared beliefs are. In theegminal response model this duality is represerged a
mutual interactions between the water culture (paiGiddens’ structure) on the one hand, and the
policy-arena and the individual level (agency comgus) on the other.

Compared to the existing static perspective-basedelting approach, our dynamical perspective
implies a number of methodological differences onaeptualising the system dynamics. First, it
implies that the dominant water culture itself ibjgct to endogenous changes initiated from within
the policy arena or at the individual level. Moregvthe water management culture no longer
determineghe rules for water policy and autonomous respomsaerelyinfluencesagency in their
adoption. Agents have the ability to reject the o@mt water culture. Finally, it implies that
consistencyetween the dominant water culture and the agtasdr policy and autonomous responses
are no longer a given. On the contrary, we asshate-tas a society adapts to environmental change -
inconsistencies may well arise between our thinlahgut water (water culture) and the actual water-
related behaviour (policy, autonomous responsegsé hinconsistencies may point to undesired lock-
in situations that form an interesting item fordstu

* This corresponds to the concept of socially-bodndetonomy Conte, R. and C. Castelfranchi (1995).
Cognitive and social actiohondon, UCL Press ltd.

® A dominant societal perspective is not restrictedeither the stereotypical hierarchist, egalitari@r
individualist views. In principle, any combinatiof beliefs is possible.

11
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Water system Actor system - Response

Water culture

Pressures Water Water policy
Environmental N policy i eInstitutions & organisations
- A ! - -
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Water quantity — gter upport
policy level
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Autonomous response
Individual stakeholders
P
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Impacts 5 response -

. . i [} le—] !
Social, Economic, 5 . R —_= =

Ecological functions — Perception q R ——

Figure 2: The elaborated PSI-R model of the Ebro wr system frames the societal response as the
outcome of interrelated processes of policy-makingndividual behaviour and cultural change in relation
to changes in the water system.

3.3 The dynamics of the response system

Insights into the dynamics of the response systemewbtained by reviewing the literature across a
number of social scientific disciplines; politicatience, social psychology and sociology. Without
pretending to be able to give a complete overvidwhese fields, we describe a selection of
conceptual and theoretical insights that we findipalarly relevant for our case. For each subsyste
— water policy, autonomous response, and watenreultwe thereby identify botéxternal driversof
change (e.g. originating from other subsystems)yels as theinternal processeshat influence the
subsystem dynamics. See table 2 and Figure 2 fovenview.

Water policy

A particularly useful approach for understandingl anodelling policy change is the Advocacy
Coalition Framework (ACF) (Sabatier and Jenkinst8ml993). This theory is particularly useful,
since — in contrast to other policy theories -)itl&scribes policy change over the long term (decad
more), 2) considers multiple actors involving bptlblic and private organizations, 3) considersracto
at multiple levels of government, and 4) concejpteal the policy process on the basis of belief
systems similar to the ones that Cultural Theoscdbes. In the ACF, a policy subsystem is defined
as the set of actors dealing with a policy probl&tmese actors - referred to as ‘policy elites’ -yma
hold various positions, such as public officiakteirest group leaders, and researchers. Policysactor
that share a particular set of beliefs are assutoefbrm coalitions that advocate certain policy
strategies. The policy process is then modellech ampetition among the advocacy coalitions
(internal procespwhose relative strengths may vary over time.

The ACF distinguishes two main drivers of policyange. The first is referred to as policy-oriented
learning {nternal procesy Policy-oriented learning refers to the procds®ugh which coalitions
seek to improve their understanding of the managémeblem in order to further their core policy
objectives. In practice this means that coalitienbjectively seek and absorb that information from
the target system that supports their argumeniraptbves their position in the policy debate. Pglic
oriented learning may thus be strongly driven bgirges in the sustainability environmeextérnal
driver) that are typically uncertain, may be perceivefedently by each coalition, and therefore be

12
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used to underpin rather different points of viewc&d — and actually more important - drivers are
external factors like socio-economic conditions aedhnology. Changes in those factors may
undermine the causal assumptions of present pelarieby altering the support for various coalipn
may change the relative strengths of advocacy tawadi or lead to the formation of new coalitions.
These external factors are represented by thenaktdriver ‘support level’ from the individual leive
As a third driver of policy change we add cultuchbnges dxternal drive) that may influence the
beliefs and values of the coalition members, otrigstheir policy actions through specific social
norms.

Autonomous response

For understanding change of autonomous behaviotireaindividual level, insights are drawn from
social psychology. Social psychology highlights aiety of factors on the basis of which human
behaviour in different contexts may be explaineee(dager, 2000; Van den Bergh et al., 2000;
Jackson, 2005 for three excellent overviews). Atfgroup of theories thereby focuses on (various
forms of) reasoningirfternal procesy Reasoning implies that agents are actively welin
reflecting upon one’s goals and ways to achieventhBome theories thereby focus on the self.
Rational Choice and Expectancy-value theoriesek@mple, indicate thahdividual interestsare an
obvious main driver of human behaviour. Also, tkaikability of behaviourabptions the perceived
ability to perform a specific behaviour, as well as thecgiged uncertaintyin determining the
outcomes of one’s behaviour may play an importale (Ajzen, 1988; Jager, 2000). Other theories
highlight the importance of the social and enviremtal context. In Ecological Value Theory, for
example,altruistic and environmental valueare considered influential factors, while Contal an
Castelfranchi (1995) highliglgtocial normsas important constraints for individual behaviasrwell.

A second group of theories highlights automateagseesigternal procesksas the explaining factor
of human behaviour. This is illustrated by the rofehabits (repetition of one’s own behaviour) and
social imitation (the imitation of someone else&hbviour). The latter is related to theories onadoc
imitation such as Bandura’s Social Learning Themrg also Social Identity Theory that highlight the
influence ofrole modelson individual behaviout.

Concerning the external drivers, we consider sp@abnomic, and ecological developments (i.e.
changes in the water system) to be main influerfegternal drivej. These developments can be
gradual (an increasing income level, environmed&gradation, increasing water stress) and also be
manifested in sudden events (flood, market crgsieasling disease). According to the rational model
of behaviour, such developments will force indiathuto change behavioural strategies in order to
optimize over their individual interests (e.g. msponse to a drought a farmer decides to increase
irrigation to maximize his profit). However, as taevironmental changes become more pronounced,
more fundamental behavioural changes — the forrgoal adoption and goal rejection (Conte and
Castelfranchi, 1995)- can be expected as well. Sexamples are emerging interests (after a two-day
water cut, the farmer starts to realize the impa¢aof a secure drinking water supply), triggering
environmental and altruistic values (after obsegwime devastating drought impacts downstream the
farmer decides to reduce his irrigation), and angivy perceived ability to reach one’s goals (after
realizing it is impossible to run a profitable mesis the farmers gives up farming altogether).

Another external driver is water policy. Water pglimay rely on various approaches for influencing
human behaviour and stimulating more sustainablemwalated practices (Jackson, 2005). It may
provide economic incentives such as taxation amdidies, issue rules and regulations about water
use, or provide information about the (water-ralafgroblems at hand. However, Jackson argues that
these measures all draw upon a rather self-origatigmhal model of behaviour. If - in contrast -eon
considers social norms to be a main influence anarubehaviour, then policy should take a different
angle. In that case, policy-stimulated changeshe docio-cultural context (i.e. the ‘water cultgre’
(external drivef may be a better approach. Similarly, if one assiautomated process to be a key

® Jager (2000) uses the same dimensions of autorsateds reasoning processes, and individually-oeted
versus Socially-determined processes to struchaerétical insights for the ‘consumat’ approach.

13



MATISSE Working Paper 25

behavioural mechanism, then role models and govemhexample might be a main external driver of
behavioural change.

Water culture

The notion of cultural change is probably mostidifit to grasp. The conceptual model of cultural
change is based on the following assumptions. Wwollp Giddens (1984) we first assume that cultural
change ultimately originates from changes on tkellef individuals; in our conceptual model this
change is either within the policy arena or atititividual level. The water culture — being defireesi
the dominant shared core beliefs of the individstakeholders involved - changes when the core
beliefs of those individual stakeholders changdloing Thompson, Ellis et al. (1990) we also
assume that within one society multiple distingatsle water cultures coexisiAlso in a stable state,
these cultures are in constant interaction wittheatber (dynamic equilibrium). Cultural change is
then interpreted as a change in the relative irapog of the different water cultures (i.e. a sbfft
dynamic equilibrium), rather than a homogeneousigbaf core beliefs of all individual stakeholders
involved.

For understanding changes in core beliefs at thiwidual level Cultural Theory (Thompson, Ellis et
al., 1990) highlights the importance of surprisgtérnal drive). A surprise is defined as a mismatch
between one’s worldview and an observed real-lieng which potentially may change the
worldview of the individual involved. Typical suipes in the water management domain would be ‘a
collapse of the water market’ (for the individuglisclimate change being a complete hoax’ (for the
egalitarian), and ‘a water supply cut in a cargfydlanned water transfer’ (for the hierarchist).
Similarly, the failure of reproduction mechanisniso§e observations that support one’s perspective
as being correct) contribute to perspective chahtgmvever, perspectives are inherently robust to
change. They are ‘protected’ by filtering eventsl @levelopment takes place through a perceptual
screen. Those observations that support one’s @aigp are embraced to prove oneself right;
observations that challenge one’s perspective andermated and, if-possible, ignored. It is an
accumulation of surprises and failure of reproductinechanisms that will force individuals to adopt
perspectives that are better suited to the reatiynd them.

The internal process of cultural change is intdgateas a process of niche accumulation (Geels and
Schot, 2007). Niche accumulation basically impligsat ‘fundamental changes start small'.
Fundamentally different viewpoints from the curretdtus-quo (the regime) are assumed to arise at
individual and local levels forming small networfsches). Under certain conditions — e.g. ‘windows
of opportunity’ at the regime level- these netwomkay grow to become the dominant one themselves.
Following the niche accumulation concept, the iméiprocess of cultural change is represented as a
competition between the water culture regime and m@ater culture niches. This competition is
assumed to be strongly influenced by the occurrefserprise.

The most relevant external drivers and internat@sses discussed above are summarized in table 2.
Most of the external drivers mentioned in the tadte also indicated in the conceptual model of
Figure 2. The surprises and reproduction mechanasiot explicitly in the Figure, but implicitly
contained in the ‘perception’ arrows originatingrfr the water system. Surprises regarding human
behaviour — i.e. originating from the policy aresraindividual level — are imaginable as well, bot n
highlighted in the current analysis.

" The socio-cultural world is therefore conceptuadian dynamic terms as constituted by multiple pectives
that co-exist and mutually interact. It is argukdtteach one of the perspectives — although pgssdrhinant in
society — cannot exist without any one of the oftenspectives around. The other perspectives gréreal to
compensate for the flaws in each specific perspeetnd alliances between the perspectives may. €ddural
change is thus not considered as a sudden revo|litid as a natural process occurring within aleiabciety.
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Table 2: External drivers and internal processes ausidered for modelling the dynamics within and
between the subsystems of water policy, autonomotesponse, and water culture

External drivers Internal processes
Water policy - Perceived environmental - Competition and coalition
changes forming
Changing public support - Policy oriented learning

Changing water culture

Autonomous - Perceived environmental - Automated processes: imitation,
response changes repetition
Water policy - Reasoning: goal and strategy
Changing water culture formation focussing on the self

and/or the social and
environmental context

Water culture - Perceived surprises - Competition between the wate
Failed reproduction culture regime and new water
culture niches

4 From concept to implementation: an interactive co mputer
game

4.1 The concept of the game

The conceptual model of the previous section fdimsbasis for the design of an interactive computer
game. The concept of the game, presented in FRjurksely follows the conceptual PSI-R model of
Figure 2. Each subsystem is represented with aerdift model type. The water system is modelled
with 1AM technigues such as system dynamics and G® environment model is linked to an agent-
based model representing autonomous stakeholdgonsss. Water policy and cultural change are
subject to a participatory simulation in the forfritee game itself. The water system and agent-based
model are a closely linked stand-alone applicatialed LASY model, which is described elsewhere
(Wallman, 2008). Here we focus on the processefjime.

Players are typically representatives from poliégterest groups, businesses and scientific
organisations having a role in the policy arenaeyrare responsible for a specific water functiod an
the associated stakeholder agents represented ABRI. In line with the main water use functions in
the Ebro basin we may includefarmer representativérepresenting agriculture), the director of a
power supply companyepresenting energy production), an influentralionmentalist (representing
the ecological function), a city mayor (represegiitomestic water use), antrepreneufrepresenting
industry), and a leadintgurist organisationrepresenting recreation).

The players interact with the LASY model through iaterface. This interface allows players to
explore the water system and investigate the aatiehs and behaviour of agents. The goal for each
player is to ‘survive in a sustainable world’. Thiat one has to find a balance between one’s
individual interests (satisfying one’s individuateds) and the collective interest of sustainability

this end, players aim to meet the policy targe& they specify, indicating their individual intete
and the ones of the individual agents they repte#dso, each player is responsible for maintairang
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Figure 3: The concept of the game closely followké PSI-R model of Figure 2.

_/

high value for a sustainability indicator includedhe interface. The value of this indicator, hoer
is not objectively defined, but depends on the chami water culture.

The water culture is implicitly represented in tingerface through the so-calledles of the game
illustrated in Figure 4. These rules reflect dominaater management beliefs, values, and norms such
as the ones expressed in Table 1. The rules ateybarly important since they imply to a large ext

how sustainability is interpreted or ‘defined’, amolw sustainability should be achieved. For example
a water availability rule may impose a projection ¢limate change and water that players are adlige
to adopt; a management approach rule may indicatmlgerent preference for supply or demand
management options; a voting rule may prescribevinethe negotiation process and voting is carried
out; and an equity rule may specify how individpllyer’'s satisfactions are aggregated to an overall
value for social sustainability. In other wordse thules of the game may impose interpretations of
model uncertainty, set preferred management stgtescribe aspects of the management process, and
directly influence the value of the sustainabilitgicator.

Initially, the game unfolds similar to existing @y games (Mayer and Veeneman, 2002). The players
discuss and negotiate water policy options — utiterestrictions of the rules of the game - usheg t
LASY model to explore their effects. Players engagenetworking and coalition-forming to
strengthen their policy positions and eventuallyneoto a policy decision through some voting
scheme. As the game unfolds, however, players malze that they are dealing with a persistent
problem. They may realize that they are ‘losingdgbaene’, either because they repeatedly fail to meet
their own interests, or observe a persistent dowthwand in the value of the sustainability indarat
Since (apparently) this problem is not being soltledugh the type of policy negotiations they are
currently engaged in, players are encouraged temakore fundamental change: a reflection on their
water culture in the form of a modification of thées of the game.
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The procedure of rule change is similar to the @doce of policy-making and follows out of a process
of coalition forming and voting amongst the polagtors (see Section 4.2). However, the process of
rule change is assumed to involve a more profoualagh’ between players than the rejection of water
policy, since it refers to more fundamental chaiyesumably, it will be niche players that will éak
the initiative for proposing rule change. Througtlilneration — and using the evidence provided
through the LASY model - they aim to attract mored anore players to join their rule change
coalition, reflecting the growth of their niche. Afthe niche grows strong enough it will succeed in
getting the rule change across, reflecting a ttiamsil step. The players may thus be actively inedl

in pursuing rule changes as part of their wateragament strategy. The observed rule changes during
the game can then be considered ‘markers’ of &ishifater culture.

Figure 4: Implementation of a water culture in theform of the rules of the game. The rules presenteid
the figure are illustrative and will be further developed in future prototypes.

4.2 Playing the game

The game dynamics are structured along four maigest In line with the ISA cycle (Weaver and
Rotmans, 2006; Weaver and Jordan, 2008) we disshgcoping (problem definition), envisioning

(coalition forming and policy design), experimentifassessment of policy effects) and learning
(reflection on sustainability and culture). Someeayal remarks apply:

Although the stages correspond to the four stafj34g they are not intended to cover a fully-
fledged ISA cycle. See also the discussion.

The four phases are a guideline for structuringptioeess of the game. It is not intended to be a
rigid structure and players may choose to deviate ft.

The game covers a long-term time horizon (~ 508)darolving multiple iterations of the various
phases.

The game is intended to be played in an open fashiith the computer tool supporting a broad
discussion amongst the players extending the iagadf the game.

In the following, each phase is described and tinkéh the internal processes and external drigérs
table 2.
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Scoping: defining the problem

This stage involves an open discussion regardiegcthirent state of the various subsystems. It is
intended to specify the starting point of the gamd to stimulate a first reflective discussion agsin
the players. Typical questions to be addresseddecl

How do we evaluate water availability and waterlifqg Are we subject to a water stress? Are
these aspects represented in the model of the syEEM?

Which individual stakeholders exist in relationthe water system? What are their needs and are
those needs satisfied? What is their level of stgpocurrent water management practice? Are
they all adequately represented as agents in thega

How would we describe our current water managermeltire? Is this culture properly reflected
with the current rules of the game?

What future developments are to be reckoned witte?tlde current water management practices
sustainable? What does sustainable development iméiais context?

In this stage one thus reflects on the currentestditthe external policy drivers; i.e. ‘perceived
environmental changes’, ‘changing public suppentd ‘changing water culture’.

Envisioning: coalition forming and policy design

This phase represents the process of collaborativ®mpetitive policy design amongst the players.
Three sub-stages are distinguished:

Targets and water management optioBach player individually expresses his/her popogition in
terms of water management targets and ideal wadeagement options. These policy options may be
aimed at altering the water system (e.g. dam ngldior at changing the behaviour of the stakeholde
agents (e.g. taxation). Players are stimulate@fleat on each other’s policy positions beforerelffi
stance is taken.

Coalition forming The players are stimulated to form coalitiongntrease their power position in the
upcoming design of a ‘common action plan’. Coafitiorming is advantageous, because the
unanimous vote of a coalition weighs stronger ti@nindividual votes of its members.

Towards a common action plamhe players design a common action plan including excluding -
the various water management options discussedrs®@hly water management options that are in
line with the current rules of the game are allow@@nter in the action plan. In the end, the actio
plan results from a power-weighted vote amongstdifferent coalitions (again, as specified by the
rules of the game).

This policy design and coalition forming phase thusolves the internal policy processes
‘competition and coalition forming’ and (possibhpplicy-oriented learning’. Its output in the forai

a common action plan represents the external dfivater policy’. Finally, the constraints of the
process in the form of the rules of the game remiethe external policy driver ‘changing water
culture’.

Experimenting: exploring the policy effects

The common action plan is entered into the gamethadiarious models are used to calculate the
effects on the water system and individual stalagrdbehaviour:

The water systenThe water system is explored to assess the seciahomic, and ecological impacts
of the chosen action plan: this includes changesater availability, water quality, and may include
various impacts for water-related functions.

18



MATISSE Working Paper 25

The agentsThe agent model is explored to assess individtedeholder’ satisfactions, their support
level and (changes in) other autonomous stakehoddponses.

This phase thus involves the external policy dsveerceived environmental changes’ and ‘changing
public support’. Furthermore, ‘surprises’ may ocedren the effects turn out differently from those
expected. These surprises might be further accetia the game by adding probabilistic ‘events’
both in the water system (e.g. droughts) and teatagystem (e.g. public uprisings).

Learning: reflection on sustainability and culture

In the learning phase the players are stimulateceflect on the assumptions underlying the water
policy and water management debate. They discessustainability of the water system on the basis
of the sustainability indicator, which is expligittonstructed on the basis of the rules of the game
They reflect upon the rules of the game to addilessvater management culture. Since the value of
the sustainability indicator depends strongly oa thles of the game, these tasks are carried out in
parallel.

Sustainability assessmerfthe players will reflect on the sustainability thieir water management
practice. Relevant questions are: Have the tagpasified before been met? What is the satisfaction
and support level of the agents in the game? Istinek of freshwater sufficiently stable or sharjply
decline? Are developments in the system sustainalierms of how sustainability is interpreted and
how this interpretation has developed in the coafghe game?

Reflection on the water culturdhe game players are asked to reflect on the rwaikure by
discussing the rules of the game, see Figure dic@lyguestions to be addressed are: How to dehl wit
the issue of equity? Is it acceptable that onehefgarties becomes completely dissatisfied or even
‘dies’ in the game, or do we design an action pldsere satisfaction amongst parties is most equally
distributed? What is our water management stylea@osupport only water supply management,
only water demand management, or should we allovafmix of approaches? How do we organise
the voting process for designing the action plam?here an equal or a power-weighted vote?
Inspiration for other questions can be found inl&db

Scoping
« Assessment of current state
* Problem definition

Learning Envisioning
. inabili « Targets and water management
Sustaln.ablllty assessment options
« Reflection on water culture « Coalition forming
« Towards a common action plan

Experimenting
» Exploring the water system
» Exploring the agent system

Figure 5: Playing the game.
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Actual changes in the rules of the game result feowote amongst the game players, similar to the
design of the action plan. However, stricter candg may be applied for a change to be adopted (e.g
a large majority supports the rule change). Toagehange in the rules across, a strong coalition is
thus required. Game players are thus stimulategctively build up a network around them or to
engage with the network that seems most suitalsléhfem. The game dynamics in the reflections
phase thereby represent the internal process tfralthange referred to as ‘competition between th
water culture regime and new water culture nichiés’output in the form of a rule change represents
the external policy driver ‘changing water culture’

4.3 Preliminary results

The description of the game in this paper refleatsk in progress. The concept is well defined, but
the computer tools required to play the game in fihghion described above are still under
development. In the process of developing the gdheeunderlying concept has been tested twice
with Ebro stakeholders in March 2007 and in Felyr2008. During these tests, the project-team
aimed to facilitate a structured discussion amomsggkeholders along the game phases described
above. It focussed notably on the scoping and &miisg phase of problem definition, coalition
forming and the design of action plans. The LASYdedcand learning tool could not yet be used to
facilitate this discussion, but were presentedhéostakeholders for reflection.

The preliminary tests indicate that the game dynarini the envisioning phase work well. Players are
actively involved in coalition forming in the forrian of policy design. The overall impression was
that game players are willing to cooperate, buistast to change their views in a fundamental iay
Also, the game and the prototype computer modeisgmted were considered useful tools by the main
stakeholders involved. Thorough testing and moebahte social experiments are still required,
which will be the subject of future participatonypdications.

5 Discussion

5.1 Limitations and potential

Capturing complex societal process with an analytioodelling approach obviously implies that
major simplifications and crude assumptions havebéomade. One limitation to the conceptual
approach so far is that it is strongly focussedhaninternal dynamics within and between the variou
sub-systems. However, a humber of external driveisch as technological changes, broader socio-
cultural and economic developments, institutiof@rges, and individual role models — may play an
important role as well. Furthermore, we implicidgsume that players exhibit real-life behaviour, a
hypothesis which will require further underpinniig our future work. Finally, since the
implementation of the game is currently work ingmess, thorough testing is required to refine the
approach and evaluate its results.

However, with these limitations overcome, the applo might offer a great potential for better
understanding the dynamics of fundamental socetahge. For example, it may be used to analyse
the main drivers of societal changén particular we may assess how environmentahgbs
‘external’ to the human system and cultural innmreg ‘internal’ to the human system mutually
interact to become a strong driver of the socigsponse, as an attempt to bridge the gap between t
ecological realistview andsocial constructivistiews (Tabara and Ilhan, 2007). Also, one mayhient
assess the response characteristics. Under whiddiitioms are responses non-linear in time, as the
transition model suggests? Or are linear respopsssible as well? And given a non-linear societal
response, one may assess thresholds (e.g. thedkwtimate change) at which such fundamental
shifts occur.

® This observation is in line with hypotheses fromltGral Theory and the ACF and needs further atienin
future work.
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With the approach being developed for the fielavafer, its application may well be extended to othe
domains such as energy, mobility, tourism, or teakny domain that involves clear interactions
between policy, autonomous responses, cultural gdhaand the development of some ‘domain
system’ (e.g. water, energy, tourism, or healthtesy$ may be suitable to address. It seems
particularly interesting to incorporate the gamagproach into existing IA models of those domains.
Especially for PSIR-based models this procedurddcba feasible. Simply put, this would involve
decoupling the response relations from an existingel, and replacing them with agent-based and/or
game-like responses.

5.2 Role in the ISA cycle

Although the four stages of the game are similathtostages of the ISA cycle, it is not intended to
cover a full ISA. The game alone cannot cover tkeeresive tasks - in terms of process and
substantive assessment — required for a full ISe ame (both its development and application)
should be perceived as part of the ISA process,stndld generally be complemented with other
participatory tools and more detailed water modelslifferent stages of the ISA cycle, the game may
play different roles:

It may be used in the scoping stage, when the gacuses on initiating a collaborative process
amongst stakeholders, to acknowledge each otheregts and concerns, and to make different
perspectives on the problem explicit.

It may be used in the envisioning stage, whenabad lies on the development of a shared
sustainability vision and a first assessment dediint possible pathways onto the vision.

Also, it may be used as part of the experimentiages when the focus lies on a better
understanding of the social dynamics underlyingitii@dementation of sustainability visions and
pathways, to assess under which conditions a ssfataesistainability transition can be carried
through. A preliminary version of the game was plawith stakeholders as part of the third stage
of the ISA cycle (Tabara et al., 2007).

5.3 Points of reflection

The discussion is concluded with some points dectibn on the gaming approach, relating to its
goal, interpretation and conceptual design:

A model or a learning tool?

In general, the goal of the gaming approach catwbéld (Barretau, 2003). On the one hand, it may
be aimed at the production of knowledge for ‘theegrcher’. The game is then interpreted as a model
representing (aspects of) the complex dynamicsaltlife, social-ecological systems. On the other
hand, it may be aimed at learning and decision@upr the stakeholders involved. The game is then
considered as a tool to make players aware of Isectdogical interactions, their own impacts on the
whole system, their own motives and what drivesirtlmsvn actions, and the limitations and
opportunities to adapt them to sustainability regmients. The focus in this paper has been clearly o
the first purpose, describing the game’s develograed application from a modelling perspective.
The aspects of learning deserve special attention.

An explorative or normative approach?

In relation to the previous point, one may distisguwo modes for interpreting the game. On the one
hand, it can be interpreted as a normative apprdacthis interpretation, one would stress the need
for a sustainability transition, and the need foxdamental cultural and structure change. The game
then be perceived as a tool to empower relevarth@)i agents.. On the other hand, it can be
interpreted as an explorative approach. In thag,cdee need for a sustainability transition is aot
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priori implemented in the game. Nor does it prescribe pfeeyers will design a shared interpretation
of sustainability and a common vision and impleragah pathways. It rather aims to assess the
conditions under which such a collaborative procesght take placé.Each mode has different
advantages and may be useful in different settimgsfor different purposes. The game described in
this paper follows rather an explorative appro&ttwever, a similar game format has been developed
(the ‘transition play’ (Tabara et al., 2008) thatiiore in line with the normative approach.

Multi-system or multi-scale?

The conceptual model of Figure 2 presents watdesyswater policy, autonomous behaviours and
water culture as more or less distinguishable sibsys that are strongly related. In a different
approach, focussing more explicitly on the dynanaicss multiple scales, the actor system could be
represented with a nested or ‘cellular’ structufesacio-ecological agents (Tabara and Pahl-Wostl,
2007; Tabara et al., 2007). This would invoindividual agentsto represent individuals and small
scale communities (the current autonomous respenbdsystem),collective agentsto represent
institutions and organisations (the current watsicy subsystem), andsystem agenb represent the
Ebro water management society as a whole (thertunrater culture subsystem). The elegance of this
approach, amongst others, is that it explicitlyremkledges that culture is essentially a multi-scale
phenomenon pertaining not only to a societal lelvet,also to organisations, local communities and
down to the individual level (Erez and Gati, 2004 thorough multi-scale conceptualisation would be
an interesting step to take.

6 Conclusion

In this paper a new integrated, agent-based, gaappgoach is proposed for modelling cultural and
behavioural change in a meaningful way for a complater management case like the Ebro water
management. This paper primarily focuses on thetgureof how this could be done. The conceptual
models developed constitute a framework for undedihg processes of change and mapping the
interactions across the dissimilar subsystems dgénvaulture, policy, and autonomous behaviour.
They are used as a framework for designing the ganmaconstitute a ‘lens’ to analyse the interactio
processes observed while playing the game. Theemtext overview of external drivers and internal
processes is particularly and generically usefidragventory of potential mechanisms to be inctude
in models of societal change. Also, we showed Hosvdifferent processes and interactions can be
implemented in a practical game design, as a wdadtidy them further. Thorough testing of the
concept is left for future work.

One of the main lessons from the exercise is thatcbmbination of modelling and patrticipation is
promising for understanding the complex nature otietal change. Playing the game with
stakeholders in an open fashion allows for a brdiadussion between the game players on all the
potential aspects of societal change, possiblynelitg the variables included in the game. The
strength of the gaming approach is then that ithioes the structure and scientific underpinning of
analytical modelling with the richness of partidimg methods so as to address real complex isdues o
societal change in a consistent and meaningful way.

° Of course, admitting that the game does impose(ribemative) structure to allow fundamental chatge
happen in the game.
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APPENDIX: Protocol Ebro Cellular Game

Game protocol applied for the first student andksteolder sessions in Barcelona and Tortosa, 6-7
March 2007.

Goals of the session

Information collection: To identify water management options consideedevant. To identify
stakeholders’ perspectives, goals, and preferredrwmaanagement options. To assess possible
conflicts and co-operations among stakeholders.

Learning: To support a reflexive learning process amornigdtethiolders as part of the
experimenting stage of an ISA for the Ebro case.

Assessment of game dynamic3o assess the game procedure. To which extestiisgmulate
the envisioned interaction processes among thelstéders involved?

Reflective input from stakeholders To obtain an overall stakeholder impression efghme, its
potential and remaining weaknesses. Is the ganmsderned useful? Are there vital elements
missing?

Preparation phase

1. Identification of personal ‘worldviewsAll players fill in the worldview’ questionson the
guestionnaire, see table 3. They answer the qussdiccording to their own, personal worldview.

Table 3: Worldview questionnaire

Strongly Mildly Unsure Mildly Strongly
Agree Agree Disagree | Disagree

The balance of nature is very delicate and eapibeti

We all have to take care of the environment

The government should not interfere with persontrests

Humans have to learn about how nature works tolie @
control it and benefit from it.

We don’t have to worry about environmental problems

Businesses and rich individuals have to pay more than
ordinary people

We should learn about the limits of the exploitataf nature.

The government should implement more laws and linlesder
to protect nature

We should listen to scientists and obey the goventrim order
to guarantee the conservation of nature

The earth has plenty of natural resources if welgegn how to
develop them

The balance of nature is strong enough to cope @gtmomic
activities and globalisation
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2. Dividing roles Players choose, or are appointed, a specifi¢’rdtethe Ebro case we
distinguished upstream farmers, downstream farrhexsseholds, nature organizations (‘frogs’),
industry managers, and politicians. Depending ersthe of the group, subgroups are formed of
players having the same role. (In the remainddhisfprotocol it is assumed that subgroups are
formed.)

3. Information provisionAll players should have a basic knowledge ofisisee under concern (in
our case the issues of Ebro river management) fatinetio specific role. If needed, all subgroups
receive aontext description This description includes bogeneral informatiorabout the Ebro
river delta and its inhabitants, asthkeholder specific informatipwhich is only available for an
individual player or within a subgroup (e.g. ondyrhers are allowed to read information
concerning the farmers association etc.).

Playing the game

4. Scoping Players discuss the received information withigirt subgroup. Subgroups reflect on the
current system state, its sustainability and ctipelicy on the basis of thecoping questionn
the questionnaire (see BOX 1). The scoping questna used as a ‘pool of questions’ out of
which the facilitator can draw specific questioosittention (they all need not necessarily be
addressed).

BOX 1: Scoping questions

How do we evaluate water availability and waterligy2Are we subject to a water
stress? Which other water related problems magémtified?

Which individual stakeholders exist in relatiortie water system? What are their
needs and are those needs satisfied?

How would we describe the current water managemettice? Is the current water
management practice supported, or is there a meathdnge?

What future developments are to be reckoned withv® Will they impact on the
water system, and what problems or opportunitiggtrtie associated with that?

5. Envisioning The envisioning phase involves individual expi@ss of goals and actions points, a
stakeholder debate and, eventually, negotiationcaatition forming for the development of a so-
called ‘common action plan’.

5.1. Each subgroup internally discusses which goalsiita/to achieve and how to achieve these
goals.

5.2. Each subgroup explains its goals and actions totthers and receives reflection on these.
Each group may adjust its goals or actions to deitidir final stand. The goals and actions
points are written on ‘post-its’ and collected obaard.

5.3. Each subgroup indicates with which other groupy ttenflict, and with which players they
might cooperate. This is indicated by handing flags’ when a subgroup is satisfied with
other players, and ‘cactus cards’ when it is ttedlby other players

19 Real-life stakeholders are in principle supposethke up ‘their own’ role.
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Note: This step reflects some key aspects of thedweellular model. It intends to show ‘size’ and
‘satisfaction’, and aims to identify linkages (clictfand cooperation) in a transparent way. Thag#
and ‘cactus-cards’ are used to stimulate the d&sonsnegotiation, and coalition forming process.

5.4, Out of all action points proposed, the facilitatefects a maximum of 10 points that will be
subject to voting.

5.5. Each group has two votes to distribute over ongvoraction points. Subgroups can earn
another vote if they are able to form a coalitidhis implies they must come to a unanimous
vote with their coalition partner (e.g. concernailgsix votes in the case of a two party
coalition). Coalitions with more than two membegsaive additional votes proportional to the
number of coalition members.

5.6. A maximum of three action points with the most godee included in the ‘common action
711

plan™. See Table 4 for an illustration of the votinggadure.
Coalition 1: | Coalition 2: | Upstream Industry
households Frogs and | farmers managers
and downstream
Action points politicians farmers

Network water supply (more water2 votes
for everyong

Desalination

Continue current policy

Invest in efficient water irrigationf 2 votes 3 votes 1 vote
industry
More water upstream 1 vote

Irrigation control

Ecological production 1 vote

Equal taxes 2 votes
Water purification 3 votes

Invest in activities and recreation 1 vote

Table 4: An illustration of the voting procedure onthe basis of a test session with students. The iact
points shaded in grey are included in the common &on plan.

6. ExperimentingOn the basis of the common action plan, theifatar gives an update of the
system state. What are the impacts of the actakenton the environment and the agents? In
future sessions, this step is covered through botadel examination. Given the limitations of the
current prototype, the step is carried out on #diof expert judgment.

7. Learning On the basis of the assessment of the new sysitgm a plenary reflection follows.
This phase of reflection aims to critically assthesevolution of the system status and to stimulate
a discussion on sustainability and the worldviend leliefs underlying the water management
debate. See the reflection questions in BOX 2.

1 Action points that end up as a ‘draw’ dft 8nd 4" place are both excluded from the action plan.
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BOX 2: Reflection questions

Is the water management turning out to be sustkafigind why?

Will future generations still have sufficient wateft?

What should be the priorities for water managem&ut?hese imply a shift of
priorities? If so, in which direction?

How is the available water shared amongst thergifftestakeholders, functions and
regions of the Ebro? Is this water distribution gsidered fair? What do we mean with
a fair distribution of water?
Can we maintain the current level of water use?hear long? What will be the costs
in terms of environmental degradation, money oerxth

Is the water management process properly organBedfl parties have a sufficient
vote on the water management debate? Who are timekg? And who are the losers?

Steps 5, 6 and 7 are iteratively repeated (whea &illows).

General reflection

8. General reflectionThe game ends with a final and general reflectrwssible questions to
address are: Was there a joint interpretationudtaanability?’ How did its interpretation develop
during the game? Have the initial goals and actimen changed during the process? Why (not)?
How did coalitions develop during the game? Would expect similar dynamics to occur in
reality?

Required materials

Context description
o Ebro basin
0 Role description

Questionnaires

o World view questions
0 Scoping questions

o0 Reflection questions

‘Flags’ and ‘cactus cards’
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