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Abstract

Policy-making is a value-drivenactivity. Fromtheassessmentof statesof theworld to thechoiceof the
appropriate actions to do under given circumstances, values are present in deciding whether some-
thing is good or not. Thus, values are involved in policy design, but also in the behaviour of those in-
dividuals who are going to be a�ected by a policy. Since these value-driven choices in policy-making
may have significant social consequences, it is advisory to assess policies prior to their enactment.
Assuming that agent-based simulation is a powerfulmethodology for this purpose, the need of a con-
ceptual framework that includes values into policy simulator systems is clear. Interestingly, this leads
to explore the role of values in problem design from the ground, especially the model and the out-
come assessment. In order to imbue values into computational models, a methodology is proposed:
contextualise and translate abstract values into state indicators, and build the simulator around these
representations (from the set of interventions to the their assessment). This methodology proposal
is illustrated in the water domain, and is used to address two case studies by means of simulation:
the first, the modernisation of farmer communities in Spain; and second, the interaction of policy
actors that lead to management policy shi�s in the urban context. Finally, the contributions of the
framework in issues that are raising concerns in Artificial Intelligence nowadays, as well as potential
contributions to water management, are explained as future work lines.
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Resum

Lacreaciódepolítiquespúbliquesésunaactivitatmotivadaper valors. Desde laavaluaciód’estatsdel
món a l’elecció de l’acció apropiada sota unes circumstàncies determinades, els valors estan presents
a l’hora de decidir si quelcom és bo o no. Així, els valors juguen un paper en el disseny de polítiques,
però també ho fan en el comportament dels individus que seran afectats per una política. Donat que
aquestes decisions motivades por valores poden tenir conseqüències socials significatives, és reco-
manable avaluar les polítiques públiques abans de la seva promulgació. Assumint que la simulació
basada en agents és una metodologia potent per aquest propòsit, la necessitat d’un marc concep-
tual que inclogui valors en els sistemes de simulació de polítiques és clara. De manera interessant,
això porta a explorar el rol dels valors en el disseny de problemes des dels fonaments, especialment
pel que fa als models i a l’avaluació de resultats. Amb la finalitat d’infondre valors en els models
computacionals, es proposa una metodologia: contextualitzar i traduir els valors abstractes en in-
dicadors d’estats, i construir els simuladors envoltant d’aquestes representacions (des del conjunt
d’intervencions a la seva avaluació). Aquesta proposta metodològica és il·lustrada en el domini de
l’aigua, i llavors és utilitzada per abordar dos casos d’estudi mitjançant simulació: en primer lloc, la
modernització de comunitats de regants a Espanya; en segon lloc, la interacció d’actors polítiques
que condueix a girs en les polítiques de gestió a l’àmbit urbà. Finalment, les contribucions del marc
conceptual en qüestions que estan suscitant preocupacions actualment en l’Intel·ligència Artificial,
així com contribucions potencials a la gestió de l’aigua, s’expliquen com línies de treball futures.

Keywords: simulació basada en agents · creació de polítiques públiques · avaluació de polítiques
públiques · valors · ciències socials computacionals · simulació social · socio-hidrologia
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Resumen

La creación de políticas públicas es una actividadmotivada por valores. Desde la evaluación de esta-
dos del mundo a la elección de las acciones apropiadas bajo unas circunstancias determinadas, los
valores están presentes a la hora de decidir si algo es bueno o no. Así, los valores juegan un papel en
el diseño de políticas, pero también lo hacen en el comportamiento de los individuos que van a ser
afectados por una política. Ya que estas decisiones motivadas por valores pueden tener consecuen-
cias sociales significativas, es recomendable evaluar las políticas públicas antes de su promulgación.
Asumiendo que la simulación basada en agentes es una metodología potente para este propósito,
la necesidad de un marco conceptual que incluya valores en los sistemas de simulación de políticas
es clara. De modo interesante, esto lleva a explorar el rol de los valores en el diseño de problemas
desde sus cimientos, especialmente en lo que atañe a los modelos y a la evaluación de resultados.
Con el fin de imbuir valores en los modelos computacionales, se propone una metodología: contex-
tualizar y traducir valores abstractos en indicadores de estado, y construir los simuladores alrede-
dor de estas representaciones (desde el conjunto de intervenciones a su evaluación). Esta propuesta
metodológica es ilustrada en el dominio del agua, y es usada luego para abordar dos casos de estudio
mediante simulación: en primer lugar, la modernización de comunidades de regantes en España; en
segundo lugar, la interacción de actores políticos que conlleva a giros en las políticas de gestión en el
ámbito urbano. Finalmente, las contribuciones del marco conceptual en cuestiones que están susci-
tando preocupaciones actualmente en la Inteligencia Artificial, así como contribuciones potenciales
a la gestión del agua, se explican como líneas de trabajo futuras.

Keywords: simulación basada en agentes · creación de políticas públicas · evaluación de políticas
públicas · valores · ciencias sociales computacionales · simulación social · socio-hidrología

v



vi



List of publications and communications

— Perello-Moragues, A., Noriega, P.: A Playground for the Value Alignment Problem. In: Martínez-
Villaseñor, L., Batyrshin, I., Marín-Hernandez, A., Ponce, H. (eds.) Advances in So� Computing. MI-
CAI 2019. Lecture Notes in Computer Science, vol 11835. pp. 414–429. Springer International Pub-
lishing, Cham (2019)

— Perello-Moragues, A., Noriega, P.: Using Agent-Based Simulation to understand the role of values
in policy-making. In: Verhagen, H., Borit, M., Bravo, G., Wijermans, N. (eds.) Advances in social sim-
ulation — Looking in the mirror. Springer (In Press)

— Perello-Moragues, A., Noriega, P., Padget, J., Verhagen, H.: Value-driven policy-making as a socio-
cognitive technical system. In: First international workshop on socio-cognitive systems (SCS18) in
the International ConferenceonAutonomousAgents andMultiagent Systems (AAMAS18) (Commu-
nication, 2018)

— Perello-Moragues, A., Noriega, P., Poch, M.: Modelling contingent technology adoption in farming
irrigation communities. Journal of Artificial Societies and Social Simulation 22(4), 1 (2019)

— Perello-Moragues, A., Noriega, P., Popartan, A., Poch, M.: Modelling policy shi� advocacy. In: Pro-
ceedings of the Multi-Agent-Based Simulation Workshop (MABS) in the International Conference
on Autonomous Agents and Multiagent Systems (AAMAS19) (In Press)

— Perello-Moragues, A., Noriega, P., Popartan, A., Poch, M.: On three ethical aspects involved in using
agent-based social simulation for policy-making. In: Proceedings of the Social Simulation Confer-
ence 2019 (In Press)

— Sierra, C., Osman, N., Noriega, P., Sabater-Mir, J., Perello-Moragues, A.: Value alignment: A formal
approach. In: Responsible Artificial Intelligence Agents Workshop (RAIA) in the International Con-
ference on Autonomous Agents and Multiagent Systems (AAMAS19) (Communication, 2019)

— Teze, J.C., Perello-Moragues, A., Godo, L., Noriega, P.: Practical reasoning using values: an argu-
mentative approach based on a hierarchy of values. Annals of Mathematics and Artificial Intelli-
gence 87(3), 293–319 (2019)

vii



viii



Acknowledgements

None of this would have been possible without the help ofmany people, and I wish to thank them all.

To Pablo Noriega, for advising this thesis. To, Manel Poch, who has been virtually a co-adviser of this
dissertation.

To Alexandra Popartan, for sharing the adventures andmisadventures of this project.

To all the people in the IIIA. To those people who I collaborated with at some point: Lluis Godo, Jordi
Sabater, Carles Sierra, Nardine Osman and Juan Carlos Teze. Especially, to the other students in the
IIIA. To those who I could only spent a short time with: Xavi, Albert, Sergi, Ewa, Kemo and Paula. To
those who I spent the most time with: David, Ramón, Adán, and Oguz.

To thepeople inAqualia: PedroRodríguez, EvaMartínez, FrankRogalla, Pilar Icaran, AntonioGiménez,
Gracia Martínez, Beatriz Del Castillo, and Salvador Salse. I appreciate the freedom they gave me to
research, their interest, and the support of the technical sta� when we asked for it.

To Sergi Robles, who was there to guide me in the administrative maze.

To Harko Verhagen and Julian Padget. Not only for their suggestions in my work, but also for sharing
those dinners in places I would have never gone.

To Francisco Alcón, without whom I would not have publishedmy first paper.

And last, but most important, to my family: A na Xisca per ser devora jo. A mon pare, a na Marga, a en
Tòfol i a n’Isa, a en Pere i a n’Andreu, a en Pau i a n’Aina, a na Carley i a sa família.

– Toni

ix



x



Contents

Abstract i

List of publications and communications vii

Acknowledgements ix

Part I Introduction 1

1 Motivation and Overview 3
1.1 Values and policy simulator systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.1.1 Values and social outcome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.1.2 Values and stakeholders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.1.3 Values and policy models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.2 A challenging problem for Artificial Intelligence . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Focus on the water domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4 Dissertation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.4.1 General objective and approach . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4.2 Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4.3 Publications and communications . . . . . . . . . . . . . . . . . . . . . . . . . 8

2 Background 11
2.1 Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.1.1 Values as a multidisciplinary construct . . . . . . . . . . . . . . . . . . . . . . . 11
2.1.2 Values from an agent perspective . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.1.3 Values from a social perspective . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.2 Policy assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.2.1 Policy-making cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.2.2 Policy design and assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.3 Artificial intelligence and agent-based simulation . . . . . . . . . . . . . . . . . . . . . 25
2.3.1 Agents and socio-cognitive technical systems . . . . . . . . . . . . . . . . . . . 25
2.3.2 Agent-basedmodels and social simulation . . . . . . . . . . . . . . . . . . . . 26
2.3.3 Values in Artificial Intelligence . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Part II Conceptual framework 29

3 Foundations 31
3.1 Value-driven policy-making . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.1.1 Policy simulator systems as a socio-cognitive technical system . . . . . . . . . . 32
3.1.2 Building policy simulator systems: abstraction processes . . . . . . . . . . . . . 33

xi



3.1.3 Value-driven policy models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
3.1.4 Policy paradigms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.1.5 Modelling policy proposals as policy-schemas . . . . . . . . . . . . . . . . . . . 35
3.1.6 Value-driven assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.2 Working with values in policy simulator systems . . . . . . . . . . . . . . . . . . . . . 36
3.2.1 Cognitive view of values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
3.2.2 Consequentialist view of values . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
3.2.3 Commensurable view of values . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4 Conceptual framework 41
4.1 Outline of public policy models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.1.1 Overview of the basic components . . . . . . . . . . . . . . . . . . . . . . . . . 42
4.1.2 Computational simulation of public policy models . . . . . . . . . . . . . . . . 42
4.1.3 Simulation environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.2 Policy domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
4.3 Stakeholders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

4.3.1 Stakeholders as artificial agents . . . . . . . . . . . . . . . . . . . . . . . . . . 48
4.3.2 Basic a�ordances depending on the scales of concern . . . . . . . . . . . . . . 49

4.4 Value model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
4.4.1 Value assessment frameworks . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
4.4.2 Types of value assessment frameworks . . . . . . . . . . . . . . . . . . . . . . 51

4.5 Policy-schema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
4.6 Policy simulator systems to support policy-making . . . . . . . . . . . . . . . . . . . . 54
4.7 Paradigms when designing policy simulator systems . . . . . . . . . . . . . . . . . . . 54

5 Modelling policy shi�s 55
5.1 Social acceptance and policy shi�s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
5.2 Policy influencers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
5.3 Modelling policy shi�s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5.3.1 Second-order emergent social phenomena . . . . . . . . . . . . . . . . . . . . 57
5.3.2 Implementation of policy shi�s . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
5.3.3 Observations of this model of policy shi�s . . . . . . . . . . . . . . . . . . . . . 59

6 Ethical concerns when using policy simulator systems 61
6.1 Ethical concerns at three levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

6.1.1 Use of the simulator system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
6.1.2 Design of the simulator system . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
6.1.3 Design of the policy model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Part III Study domain: Water 65

7 Introduction to the water domain 67
7.1 Water as an ethical space and policy domain . . . . . . . . . . . . . . . . . . . . . . . 67
7.2 Values in the water domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

7.2.1 Socio-hydrology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
7.2.2 Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

7.3 Water and agent-based simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

8 Bringing values into computational models: application in the water domain 71
8.1 Values in computational models situated in policy domains . . . . . . . . . . . . . . . 71

xii



8.1.1 Abstract values relevant in the policy domain . . . . . . . . . . . . . . . . . . . 72
8.1.2 Contextualising values in the policy domain . . . . . . . . . . . . . . . . . . . . 72
8.1.3 Instantiation of values into factual indicators . . . . . . . . . . . . . . . . . . . 76

9 Case study: Modelling contingent technology adoption in farming irrigation communities 81
9.1 Case study for the conceptual framework . . . . . . . . . . . . . . . . . . . . . . . . . 81
9.2 Introduction to the case study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
9.3 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
9.4 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

9.4.1 Entities and Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
9.4.2 Process Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
9.4.3 Submodels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

9.5 Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
9.5.1 Stage 1: Collective modernisation . . . . . . . . . . . . . . . . . . . . . . . . . . 90
9.5.2 Stage 2: Individual modernisation . . . . . . . . . . . . . . . . . . . . . . . . . 90

9.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
9.7 Closing remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
9.8 Appendix A: Submodels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

9.8.1 Water availability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
9.8.2 Water partition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
9.8.3 Water irrigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
9.8.4 Crop yield estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
9.8.5 Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
9.8.6 Crop choice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
9.8.7 Actual production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
9.8.8 Modernisation? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
9.8.9 Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
9.8.10 Activity? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
9.8.11 Population evolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

9.9 Appendix B: Input data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
9.9.1 Crop options and characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . 102
9.9.2 Climatological conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
9.9.3 Water prices and water allocations . . . . . . . . . . . . . . . . . . . . . . . . . 104
9.9.4 Farmers characterisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

10 Case study: Modelling policy-shi� advocacy in the urban water domain 111
10.1 Case study for the conceptual framework . . . . . . . . . . . . . . . . . . . . . . . . . 111
10.2 Introduction to the case study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
10.3 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

10.3.1 Water as an ethical and political space . . . . . . . . . . . . . . . . . . . . . . . 113
10.3.2 Water as a public service and values . . . . . . . . . . . . . . . . . . . . . . . . 114
10.3.3 Households’ values in the urban water domain . . . . . . . . . . . . . . . . . . 114
10.3.4 Agent-basedmodels for urban water . . . . . . . . . . . . . . . . . . . . . . . . 115

10.4 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
10.4.1 Value model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
10.4.2 Agent roles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
10.4.3 Policy-influencers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
10.4.4 Households . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
10.4.5 Initialisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
10.4.6 Process Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

xiii



10.4.7 Submodels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
10.4.8 Policy-influencers advocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

10.5 Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
10.5.1 Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
10.5.2 Simple use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
10.5.3 Standard use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

10.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
10.6.1 Insights withdrawn from the simulations . . . . . . . . . . . . . . . . . . . . . . 139
10.6.2 Simulation of political phenomena . . . . . . . . . . . . . . . . . . . . . . . . . 140
10.6.3 Policy-assessment support system . . . . . . . . . . . . . . . . . . . . . . . . . 140
10.6.4 Further work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

10.7 Closing remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
10.8 Appendix A: Policy-influencers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142

10.8.1 Municipality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142
10.8.2 Water utility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
10.8.3 Social movement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
10.8.4 Political party “NL” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
10.8.5 Political party “SL” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
10.8.6 Political party “S” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

10.9 Appendix B: Demands/Actions and e�ects . . . . . . . . . . . . . . . . . . . . . . . . . 155

Part IV Further work and conclusions 157

11 Further work 159
11.1 Value-alignment problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

11.1.1 Design of artificial socio-technical systems . . . . . . . . . . . . . . . . . . . . . 160
11.1.2 Impact assessments of SCTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161

11.2 Value alignment in norms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
11.3 Values in argumentation for policy-making . . . . . . . . . . . . . . . . . . . . . . . . 163

12 Application to water management 165
12.1 Agent-based simulation and digital twins . . . . . . . . . . . . . . . . . . . . . . . . . 165
12.2 Value-driven management of water and other services . . . . . . . . . . . . . . . . . . 166

13 Conclusions 169
13.1 Conclusions for simulation for policy-making . . . . . . . . . . . . . . . . . . . . . . . 169
13.2 Conclusions for Artificial Intelligence and Multi-agent systems . . . . . . . . . . . . . . 171
13.3 Conclusions for the water domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172

xiv



List of Figures

2.1 Maslow’s hierarchy of needs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.2 Model of the ten motivational types of value in the Schwartz Theory of Basic Values . . . 15
2.3 Model of the Witesman and Walters’ Public Service Values . . . . . . . . . . . . . . . . . 21

3.1 The two type of questions involved in a policy decision . . . . . . . . . . . . . . . . . . . 32
3.2 Abstraction processes involved in building a model for policy simulator systems . . . . . 34

4.1 A view of the public policy model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
4.2 Illustration of the generation of a simulated reality . . . . . . . . . . . . . . . . . . . . . 44
4.3 Illustration of the main processes involved in building and using a simulator system in a

simulation environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
4.4 Policy-making as a social coordination process . . . . . . . . . . . . . . . . . . . . . . . 48
4.5 Simulation of a policy enactment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
4.6 Example of value function as evaluation mechanism . . . . . . . . . . . . . . . . . . . . . 51
4.7 Composition of a policy-schema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

5.1 Policy-influencers interacting with policy-targets to produce policy shi�s . . . . . . . . . 58

6.1 Diagram of the three levels of ethical concerns in policy simulator systems . . . . . . . . 62

8.1 Value instantiation process for computational models . . . . . . . . . . . . . . . . . . . 72
8.2 Example of instantiation of values into a specific policy-schema . . . . . . . . . . . . . . 77

9.1 Policy-schema enacted in the farming communities’ to imbuemodernity . . . . . . . . . 82
9.2 Modernisation of an irrigation community as a two-stage process . . . . . . . . . . . . . 85
9.3 Components of the modernisation model . . . . . . . . . . . . . . . . . . . . . . . . . . 85
9.4 Location of studied irrigation communities in the Region of Murcia (Spain) . . . . . . . . 89
9.5 Example of spatial setup of Campo de Cartagena . . . . . . . . . . . . . . . . . . . . . . 91
9.6 Water allocations for Alhama de Murcia during 1979–2010 . . . . . . . . . . . . . . . . . 91
9.7 Water prices for Tajo-Segura transfers during 1979–2010 . . . . . . . . . . . . . . . . . . 91
9.8 Simulated collective disposition in Alhama de Murcia during 1979–2010 . . . . . . . . . . 92
9.9 Simulated crop types in Alhama de Murcia during 1979–2010 . . . . . . . . . . . . . . . . 92
9.10 Simulated crop types in Campo de Cartagena during 1975–2005 . . . . . . . . . . . . . . 92
9.11 Simulated adoption curve in Campo de Cartagena during 1975–2005 . . . . . . . . . . . 92
9.12 Simulated adoption curves in Campo de Cartagena using di�erent values for adoption

risk-aversion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
9.13 Simulated adoption curves in Campo de Cartagena using di�erent values for imitation

risk-aversion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
9.14 Simulated adoption curves in Campo de Cartagena depending on the social interaction

of farmers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
9.15 Simulated average water use in Campo de Cartagena for di�erent adoption scenarios . . 96

xv



9.16 Simulated averagewater productivity in Campo de Cartagena for di�erent adoption sce-
narios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

9.17 Water allocations for Alhama de Murcia during 1979-2010 . . . . . . . . . . . . . . . . . . 105
9.18 Waterprices for Tajo-Segura transfersduring 1979-2010used for the simulationofAlhama

de Murcia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
9.19 Water allocations for Campo de Cartagena during 1975-2005 . . . . . . . . . . . . . . . . 105
9.20 Water prices for Campo de Cartagena during 1975-2005 . . . . . . . . . . . . . . . . . . 105
9.21 Geographical representation of Campo de Cartagena, divided by sectors. . . . . . . . . . 109
9.22 Randomly generated distribution of farmers in Campo de Cartagena. . . . . . . . . . . . 109
9.23 Geographical representation of Alhama de Murcia. . . . . . . . . . . . . . . . . . . . . . 110
9.24 Randomly generated distribution of farmers in Alhama de Murcia. . . . . . . . . . . . . . 110

10.1 Households’ value function for supplied-volume assessment . . . . . . . . . . . . . . . . 126
10.2 Households’ value function forwater bill assessment . . . . . . . . . . . . . . . . . . . . 126
10.3 Households’ income distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
10.4 Households’ income per member distribution . . . . . . . . . . . . . . . . . . . . . . . . 132
10.5 Households’ average water use depending on the population value-profile . . . . . . . . 133
10.6 Service-cost recovery-rate depending on the population value-profile . . . . . . . . . . . 133
10.7 Households’ average water use and average water demand in the scenario St1 . . . . . . 134
10.8 Service-cost recovery-rate in the scenario St1 . . . . . . . . . . . . . . . . . . . . . . . . 134
10.9 Households’ average satisfaction in the scenario St1 . . . . . . . . . . . . . . . . . . . . 134
10.10 Policy-influencers’ satisfaction in the scenario St1 . . . . . . . . . . . . . . . . . . . . . . 134
10.11 Service-cost recovery-rate in the scenario St3 (I) . . . . . . . . . . . . . . . . . . . . . . 136
10.12 Policy-influencers’ satisfaction in the scenario St3 (I) . . . . . . . . . . . . . . . . . . . . 136
10.13 Service-cost recovery-rate in the scenario St3 (II) . . . . . . . . . . . . . . . . . . . . . . 137
10.14 Policy-influencers’ satisfaction in the scenario St3 (II) . . . . . . . . . . . . . . . . . . . . 137
10.15 Service-cost recovery-rate in the scenario St4 . . . . . . . . . . . . . . . . . . . . . . . . 138
10.16 Policy-influencers’ satisfaction in the scenario St4 . . . . . . . . . . . . . . . . . . . . . 138
10.17 Vulnerable households in the scenario St4 . . . . . . . . . . . . . . . . . . . . . . . . . . 138
10.18 Households’ global satisfaction depending on their value-profile in the scenario St4 . . . 138
10.19 Municipality’s value function forwater security . . . . . . . . . . . . . . . . . . . . . . . 143
10.20 Municipality’s value function for competence . . . . . . . . . . . . . . . . . . . . . . . . 143
10.21 Municipality’s value function for control . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
10.22 Municipality’s value function for citizens involvement . . . . . . . . . . . . . . . . . . . . 143
10.23 Water utility’s value function for competence . . . . . . . . . . . . . . . . . . . . . . . . 145
10.24 Water utility’s value function for e�iciency . . . . . . . . . . . . . . . . . . . . . . . . . . 145
10.25 Social movement’s value function for citizen involvement . . . . . . . . . . . . . . . . . 147
10.26 Social movement’s value function for control . . . . . . . . . . . . . . . . . . . . . . . . 147
10.27 Social movement’s value function for social justice (I) . . . . . . . . . . . . . . . . . . . . 148
10.28 Social movement’s value function for social justice (II) . . . . . . . . . . . . . . . . . . . 148
10.29 NL-Political party’s value functions for competence . . . . . . . . . . . . . . . . . . . . . 149
10.30 SL-Political party’s value function for competence . . . . . . . . . . . . . . . . . . . . . . 151
10.31 SL-Political party’s value function for social justice . . . . . . . . . . . . . . . . . . . . . 151
10.32 S-Political party’s value function for social justice (I) . . . . . . . . . . . . . . . . . . . . 153
10.33 S-Political party’s value function for social justice (II) . . . . . . . . . . . . . . . . . . . . 153
10.34 S-Political party’s value function for control . . . . . . . . . . . . . . . . . . . . . . . . . 154

xvi



List of Tables

2.1 Value sets and their theoretical goal of the Schwartz Theory of Basic Values . . . . . . . 16
2.2 Comparison of value theories focused on the individual . . . . . . . . . . . . . . . . . . 17
2.3 Value sets and their operational goal ofWitesmanandWalters’ Public ServiceValuesPub-

lic Service Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2.4 Comparison of value theories focused on the society . . . . . . . . . . . . . . . . . . . . 23

4.1 Abstractions in policy simulator systems to support policy-making . . . . . . . . . . . . 54

8.1 Value instantiations and examples of options to define policy-schemas (I) . . . . . . . . . 78
8.2 Value instantiations and examples of options to define policy-schemas (II) . . . . . . . . 79

9.1 Framework applied to the case study of technology adoption in farmer communities . . 82
9.2 Irrigation infrastructure e�iciencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
9.3 Summary of input data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
9.4 Crop options and crop characteristics used in the simulation . . . . . . . . . . . . . . . . 104
9.5 Climatological variables used in the simulation . . . . . . . . . . . . . . . . . . . . . . . 104
9.6 Age distributions used in the simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
9.7 Farmers distribution by farm area in Campo de Cartagena . . . . . . . . . . . . . . . . . 107
9.8 Farmers distribution by farm area in Alhama de Murcia . . . . . . . . . . . . . . . . . . . 107
9.9 Farmers distribution by supply-support in Campo de Cartagena . . . . . . . . . . . . . . 108
9.10 Supply-support characterisation in Alhama de Murcia . . . . . . . . . . . . . . . . . . . . 108
9.11 Farmers distribution by risk-a�inity score for calculating crop-inertia in Campo de Carta-

gena . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
9.12 Risk-a�inity characterisation for calculating crop-inertia in Alhama de Murcia . . . . . . . 109

10.1 Framework applied to the case study of policy shi�s in the urban water domain . . . . . 112
10.2 Agent sub-roles considered in the model for simulating policy shi�s in the urban water

domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
10.3 Generic value profile of a policy-influencer in the model . . . . . . . . . . . . . . . . . . 118
10.4 Policy-influencers in the model and their held-values . . . . . . . . . . . . . . . . . . . . 119
10.5 Conservation practices of households depending on the domestic water use . . . . . . . 123
10.6 Water use pricing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
10.7 Water regional tribute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
10.8 Behaviours when applying for social aid and adopting conservation practices according

to the value profile of the household . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
10.9 Value similarity between households and policy-influencers . . . . . . . . . . . . . . . . . 128
10.10 Generic structure of the set of political demands of a policy-influencer . . . . . . . . . . 129
10.11 Generic structure of the set of active demands in the social space . . . . . . . . . . . . . 129
10.12 Values of the municipality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142
10.13 Set of political demands of the municipality . . . . . . . . . . . . . . . . . . . . . . . . . 144
10.14 Set of requests sent to the municipality . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

xvii



10.15 Values of the water utility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
10.16 Set of political demands of the water utility . . . . . . . . . . . . . . . . . . . . . . . . . 146
10.17 Values of the social movement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
10.18 Set of political demands of the social movement . . . . . . . . . . . . . . . . . . . . . . 148
10.19 Values of the political party “NL” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
10.20 Set of the political demands of political party “NL” . . . . . . . . . . . . . . . . . . . . . 150
10.21 Values of the political party “SL” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
10.22 Set of political demands of the political party “SL” . . . . . . . . . . . . . . . . . . . . . 152
10.23 Values of the political party “S” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
10.24 Set of political demands of the political party “S” . . . . . . . . . . . . . . . . . . . . . . 154
10.25 Enactable demands and e�ects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155

xviii







Part I

Introduction

1





Chapter 1

Motivation and Overview

“A truly smart systemwould find a way to turn us
into more reflective, caring, and humane creatures”

– Evgeny Morozov

It is well-known that the point of public policies is to achieve a better state of a�airs. Public policies
are, in plain terms, plans of action that address collective problems [65] by means of coordinated so-
cial action. However, how social coordination can be e�ectively achieved? In any society or organisa-
tion, stakeholdersmay have di�erent values andmotivations, which canbe a source of disagreement,
conflict, and misdirection. Such misalignment may happen at di�erent levels. At the level of interac-
tions, stakeholders who are coordinated by the policy may pursue di�erent goals and have di�erent
skills and personalities. At the policy-maker level, the policy may be designed in a way that is not
compatible with the goals of other stakeholders, or evenmay have indirect unintended e�ects.

For instance, rural socio-economic development has been a recurrent topic of Spanish public poli-
cies which has been traditionally linked to irrigation agriculture. The national hydraulic policy of the
past twentieth century was based on increasing the supply of water resources and the transforma-
tion of irrigation, in order to generate employment and curb rural depopulation [148]. Nowadays, it
has focused on promoting the collective adoption of modern irrigation systems (i.e. pressurised net-
works and sprinklers or drip pipes) of farming communities bymeans of subsidies in order to increase
agricultural productivity. However, although this intervention has worked in some cases, in others it
has been completely rejected invoking tradition, self-management or even aesthetics [215]. In these
cases, the ethical reasoning behind thepublic policymaynotmatchwith the goals andmorality of the
target groups, making the policy “une�ective” to achieve its desired change. But it can also happen
that, despite successfully appealing to the target groups, the attempted solution leads to negative
unintended consequences. The paradigmatic example is the case of India under the British rule. The
colonial government were concerned about the number of venomous snakes and decided to o�er an
economic reward for every dead snake. Although it initially worked, the problem did get worse. The
reason was that people did breed snakes at home in order to earn an income. When the government
realised that behaviour and terminated the policy, caused the snake breeders to set the animals free,
which made the problemworse that was at the beginning.

These stories illustrate some potential failures of public policies. But they also show that public poli-
cies are based on models that are built on value-driven considerations (from the policy ends to the
policy means), although these values are not always easily identified, or made explicit.

The core of this dissertation is the acknowledgement that public policies may have significant social
consequences and are based on value-driven choices. Its contents are an attempt to make that in-
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sight operational by devising a framework to represent policies, exploring its applicability for policy
assessment and identifying opportunities for further work.
A second premise behind this dissertation is that the understanding of societal problems can be en-
hanced through computer systems based on simulation (see [173]), and that agent-based simulation,
in particular, is a convenient approach to support policy-making and conduct ex ante policy assess-
ment [91].
The challenge is that some fundamental questions about values and value-driven behaviour —which
are essential for simulation-based policy assessment— have not been systematically addressed in
agent-based simulation. For example: How can one assess the value of a particular social outcome or
state of a�airs? Why are some policy means (an incentive, a promotional campaign, new regulations)
more e�ective towards policy goals? How to identify the relevant side e�ects of a policy? What are
the features of the target groups of a given policy proposal that relate to the satisfaction with respect
to a value? What are the e�ects of the policy on those values that are not considered relevant?
These are topics of critical importance for policy-making and, therefore, for policy simulator systems,
because it is known that assumptions and drivers behind policy decisions are based not only on fac-
tual knowledge but on ethical beliefs and intuitions as well [237, 134, 247]. This motivation leads
to consider the notion of values, a construct that underlies many of the human decisions [221, 110].
Taking values into account may contribute to improve the design of simulator systems for decision-
support: (i) by enabling a more meaningful use of these tools (a�ording the user to consider its own
values); (ii) by enabling a more expressive modelling of the motivations of the agents; and (iii) by
revealing the social e�ects of policies with regard to diverse social values (indicating the social signif-
icance of policy decisions and reinforcing transparency and accountability).
Thus, this dissertation proposes a conceptual framework that makes the notion of value preeminent
by providing, first, the key constructs to specify value-driven policy simulator systems and, second,
support methodological guidelines to model actual policies. A significant outcome of this proposal
is that such value-driven policy simulators constitute a convenient sandbox for the “value-alignment
problem” [211] (see Chapter 11).

1.1 Values and policy simulator systems

1.1.1 Values and social outcome

It is common that, when mentioning the value of a state of a�airs, it induces to think about wealth-
related concepts. This is not surprising, since the understanding of economic progress in western
democracies has been historically reduced to GDP-based economic growth, with many political and
academic figures contributing to establish this particular view.
However, and this is key, value can be generated from a broader system of values, thus revealing the
range of diverse aspects that are present in the socialwelfare. ParaphrasingMazzucato [161], if value is
not questioned in public debates, only some activities and public serviceswill be deemed to be value-
creating, while others will not. And it is obvious that these understandings will guide policy-makers’
strategic decisions and governance settings.
Understanding how values define societal goals, and having a proper way to implement and assess
values in simulator systems, may help to have a better view about how contributing to social well-
being and create proper stories for that matter. Moreover, it can further contribute to transparency
and trustworthiness of decision-makers, which is indeed a competitive advantage. This dissertation
suggests a methodology to contextualise values in a domain of interest and then translate them into
indicators that support their assessment (see Chapter 8).
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1.1.2 Values and stakeholders

Besides supporting the evaluation of states of a�airs, values are also involved in decision-making, as
they are related to motivation and goals [183, 2]. In practice, the behaviour of stakeholders is deeply
related with the values they hold.

Values are present both at the individual level (i.e. guiding some cognitive functions and, eventually,
behaviour), but also at the social level (i.e. constituting beliefs about what the society should en-
sure and preserve) [207, 226, 270]. This is a relevant interplay when addressing collective problems,
since values are involved in policy-making (i.e. collective coordination) and in individual behaviour
—especially, in acceptance of policies and states of a�airs (see [269, 44]).1

In this dissertation, it is assumed that values shape the cognitive functions that agents performwithin
a particular context and domain, namely by: (a) guiding perception of the environment (i.e. defin-
ing what is relevant and deserves attention); (b) guiding the evaluation of objects (especially, the as-
sessment of (objective) states of a�airs and actions’ outcomes); and (c) guiding individuals’ decision-
making (i.e.whatgoals are set andwhatare thebest coursesof action) (see theexamples inChapter8).

1.1.3 Values and policy models

Human beings use models to understand and interact with a complex environment [126, 62, 30] and
provide explanations and inferences about diverse phenomena [36]. Given that policy-making has to
address collective problems in complex societal systems, decision-makers may use policy models to
convert a messy problematic situation into a structured well-defined problem that a�ords to design
interventions [115]. Simulator systemsmay further support decision-making, allowingmore coherent
and informed decisions, because they are able to reproduce characteristics of complex systems satis-
factorily (e.g. nonlinear dynamics, network interaction, emergence) and generate new insights [173].

However, policymodels, since they simplify theworld, may be incomplete and biased, which leads to
ethical concerns on their design and use [19]. Knowing that values shape the perception and assess-
ment of the environment [111, 183], their role inmodel-building for policy simulator systems is critical
and therefore must be further explored (Chapter 3).

1.2 A challenging problem for Artificial Intelligence

Although Artificial Intelligence has focused historically on paradigmatic aspects of individual intel-
ligence (e.g. learning, reasoning, image recognition), the field of social intelligence have gradually
becomemainstream, making coordination and governance salient topics (see [52, 59, 68, 53, 18, 12]).
In a sense, public policies achieve a particular state of a�airs by means of a diversity of governance
mechanisms (e.g. incentives, regulations, rhetoricalmessages, etc.). In this context agents’ values are
relevant because they are involved in how these agents behave and react to these instruments.

This approach supports the possibilities of value-imbued AI-backed systems that may be useful for:
(i) building virtual testbeds for technology and policy assessment; (ii) designing digital platforms for
participatory policy-making or policymonitoring; and (iii) computational approaches to solve “policy
problems”. Another area where these ideas have been incorporated is in value-based designmethod-
ologies (e.g. [196]). However, because of the concerns associated with the autonomy of artificial en-
tities, the notion of value as a source for control becomes evident. Thus imbuing moral values in the

1While writing this thesis, the Joint Research Centre of the European Commission is working on an initiative called “En-
lightenment 2.0”, whose research agenda includes science of values in the political process, in order to cover these topics
(https://ec.europa.eu/jrc/en/enlightenment/call-experts-science-of-values).
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decision models of autonomous agents would foster self-governance and provide grounds for pro-
jecting trust on those agents. Likewise, imbuing values in the mechanisms that govern a multiagent
system (as values are imbued in a policy) provides grounds for assessing the trustworthiness of that
system. These are the motivations behind many ethical AI initiatives (see [121]) and the above men-
tioned value alignment problem (Chapter 11). In this dissertation, amethodology to imbue and assess
values in computational models is proposed and illustrated (Chapters 4 and 8).

1.3 Focus on the water domain

Water is themost essential resourceonEarth. It is indispensable for life and it is present inmany facets
and activities of human civilisations (i.e. agriculture, public health, energy generation, culture and
religion, etc.). Hence, water is at the heart of several social and ecological conflicts along the history
of humankind. Water is a resourcewithmultiple uses and stakes, whosemanagement impacts across
the interwoven socio-economic and ecological systems.

This takes special importance on water services, that are between the most fundamental public ser-
vices in human settlements (which include the supply of drinkingwater and the sanitation of wastew-
ater). Citizens’ well-being is directly linked to the governance and management of public water ser-
vices, as they use water for diverse basic needs, such as hygiene and sanitation.

Water governance andmanagement issues are particularly urgent nowadays, since global conditions
are changing rapidly (for instance, global warming caused by climate change or population growth)
and may pose a severe threat to humanity [48, 204], especially in the water domain [254, 232]. In
fact, there has been already phenomena with harmful e�ects for the social welfare, as seen in Cape
Town or Australia (see [51, 266, 241]). However, many attempted solutions to these threats rely on the
enactment of instruments that can lead to unintended e�ects on some social values, leading to social
acceptance issues (see [269, 44]). For instance,water rationing,with thegoal of preserving aminimum
level for critical services and the environment, may not be socially sustainable if not appropriately
implemented.

For this reason, addressing such urgent water-related threats properly depends on enhancing the un-
derstandingof collective actionand social coordination to support decision-making inpublic policies.
In this spirit, a new field called socio-hydrology [239] aims at studying the water cycle together with
social behaviour, for which AI-approaches may be extremely meaningful. Public policies must pre-
serve and improve the welfare of population in challenging situations that involve value dilemmas
and critical consequences.

Given this purpose, some research lines in water policy are increasingly focusing on values and pref-
erences of citizens to improve the responsiveness to their needs and ethical standards (see [41, 152].
Values are broadly studied in environmental habits adoption [67, 209], but they are also relevant to
determine the other motivations of individuals [221, 183]. Thus, some scholars point out that much
more knowledge in households’ “so�” characteristics with regard to water is needed in order to build
better models (e.g. values, lifestyles, preferences, motivations, etc.) [41, 127].

Building on these insights, water is known to be critically involved in social welfare, making it a rel-
evant domain where to explore policy-making and the role of values. In this spirit, this dissertation
explore how to include these aspects in agent-basedmodels for water policy-making. In particular, it
illustrates how to use values into water models (Chapter 8), and examines two case studies bymeans
of simulation: themodernisationof farmer communities (Chapter 9) and the shi�s in urbanwater poli-
cies (Chapter 10).
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1.4 Dissertation

1.4.1 General objective and approach

This dissertation is based on two main premises: (i) that policy-making is a value-driven social pro-
cess; and (ii) that agent-based simulation is an appropriate methodology to support policy assess-
ment. The objective of this thesis is to outline a conceptual framework for policy simulator systems
so that these take values into account. This framework emphasises the main elements of a “policy
problem” (namely, the domain of intervention, the stakeholders, the values, and the intervention it-
self or policy-schema).

This thesis takes a classical Artificial Intelligence approach: that is, it focuses on the development of
a conceptual framework that can be used to model “policy problems” in computer systems in order
to provide tools to human experts. Paraphrasing Simon [236], and Russell and Norvig [212], Artificial
Intelligence consists of intelligence and anartifact; in otherwords, amodel to represent and address a
problemor task, and the computer that implements it andperforms such function. As a consequence,
the conceptual framework aims at providing a high-abstraction language that facilitates modelling
such problems in computer systems.

In more precise terms, the dissertation addresses the following questions:

Q1. How value-driven social coordination problems (i.e. “policy problems”) can be represented; ;
Q2. How values can be used andmeasured in computational models for simulation;
Q3. How social outcomes can be assessed with respect to multiple values through agent-based sim-

ulation;
Q4. How to assess a policy through agent-based simulation;
Q5. How agent-basedmodelling can engage in sensitive design (like value-sensitive design [196]);
Q6. Explore these topics for the water domain.

1.4.2 Structure

This dissertation organises the aforementionedmatters in four parts:

— Part I consists of this introduction and Chapter 2, that reviews literature on (i) values in individ-
ual behaviour (i.e. motivations, decision-making, political behaviour, etc.) and in public poli-
cies (i.e. social standards, strategic decision-making, political and ethical concerns, etc.); on
(ii) policy assessment procedures (especially, the design of policy models and the analysis of
the expected social e�ects); and (iii) the use of agent-based simulation to support the policy
assessment and inform policy-making.

— Part II develops the conceptual framework. In particular, Chapter 3 explains the assumptions
on which the framework is based (i.e. public policies, values, and modelling for simulation).
Then, Chapter 4 makes those intuitions more precise by introducing formal definitions of the
core concepts involved in value-drivenpolicy simulator systems. A�erwards, Chapter 5 expands
the conceptual framework to include new a�ordances for agents so as to model policy shi�s.
Finally, Chapter 6 discussesmethodological guidelines to address the ethical concerns that are
associated with the design and use of value-driven simulation.

— Part III deals with the use of the conceptual framework in a particular policy domain. Chapter 7
introduceswater as policy domain to illustrate the contents of Part II, including a brief literature
review on values and simulation in the water domain. Chapter 8 illustrates how the conceptual
framework is used and, specifically, how tomake abstract values operational for computational
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models in the water domain. The other two chapters in this part are two case studies in which
simulation is used to support decision-making. First, Chapter 9 presents a case study about
the modernisation of farming communities in Spain. In this case study, the model is built on
actual data from the modernisation process in two communities and show how a single value
(economic profit) explains satisfactorily the adoption process in these communities. It also il-
lustrates how side-e�ects on other valuesmay be assessed, and explains the need of additional
values to account for the adoption processes of communities where other circumstances pre-
vailed. Second, Chapter 10 is used to illustrate other features of the framework in the context of
urban uses of water. The simulator models how opinion-makers advocate for policy shi�s and
the alignment of their values with those of the households determine the support given to shi�
proposals. In this case themodel includes di�erent stakeholder roles (namely, households and
opinion-makers) with di�erent capabilities and with profiles that include several values. Simu-
lations explore the interplay between ideological a�inities of households and opinion-makers
with respect to policy instruments and demographic composition.

— Finally, Part IV gives a perspective on future work. Chapter 11 points at extensions of the results,
namely, the contribution of the conceptual framework for aligning AI-backed systems with val-
ues. It describes the main contents of two papers whose formalism is based on the conceptual
framework (namely, a value-based approach for argumentation [252] and a formal foundation
for value-driven normative multiagent systems [234]). In Chapter 12, some potential applica-
tions of the conceptual framework inwatermanagement and environmental policy-making are
proposed. Lastly, Chapter 13 presents the main conclusions of this dissertation.

1.4.3 Publications and communications

The publications and communications elaborated during this thesis are reflected on the contents of
the chapters as follows:

— Theworks from [188], [187] and [186] are preliminaryworks on the assumptions (Chapter 3) and
concepts of the framework (Chapter 4). In [188] and [187] the main elements of the framework
were outlined (e.g. stakeholders, values, domain, policy schema), which were further devel-
oped and formalised in [186]. This last publication, moreover, suggested the potential use for
exploring values in AI-backed systems (Chapter 11). This dissertation reorganises in a coherent
manner the contents of those publications.

— The case study in Chapter 9 was published in [189]. Although in that publication the elements
of the framework of this dissertation were not strongly emphasised, the process of modelling
the case study for simulation did follow its guidelines (which provided insights to structure the
framework, as well).

— The work in [190] served to extend the framework by exploring di�erent stakeholder roles and
capabilities in order to address case studies where values and politics are a main component
of the system, which drives agent interaction and eventually may produce policy shi�s. This
theoretical exploration has been compiled in Chapter 5. Besides, this work also presented a
preliminary example of the applications in mind while developing such framework extension,
which has been the basis for the case study in Chapter 10.

— In [191] the idea was to discuss how values are instantiated in a domain and how di�erent types
of values are taken into account in the process from modelling a policy to using a simulator
system, which is reflected in Chapter 8 and Chapter 6 respectively.

8



— Finally, the two collaborations are formalisms based on the conceptual framework and are in-
cluded in Chapter 11: the work from [252] that describes a value-based approach for argumen-
tation; and the work from [234] provides a foundation for value-driven normative multiagent
systems.
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Chapter 2

Background

Before presenting the conceptual framework for policy simulator systems, it is convenient to examine
the literature that supports the major foundations of the work. This includes background on three
main pillars:

— The notion of values: what they are and how they are present in human cognition and human
behaviour. In another view, how they assist in public policies and strategic decision-making.

— Theprocessofpolicy assessment: what stepsare tobe taken inorder toassessapolicydesigned
to address a collective problem.

— The use of agent-based simulation for policy-making: what it consists of andwhy it is a promis-
ing methodology for policy assessment.

2.1 Values

Values are transcendental beliefs that refer to desirable goals and motivate action [225]. Generally
speaking, values are one’s principles that define what is important in life and guide one’s judgement
of what is right and what is wrong, or whether something is good or bad. Values are o�en viewed as
one’s ethical beliefs thatdetermine standards that guide theconductof theperson. Inamorepractical
view, values are involved in assessing the desirability of states of a�airs and outcomes and deciding
whether one action is preferable to another, eventually guiding the behaviour of individuals.

Taking this into account, values are not only relevant for the behaviour of individuals, but also at a so-
cial scale. The outcome of the social behaviour (that is, the behaviour of the population of individuals
as awhole) is also influenced by values, from twodi�erent perspectives. On the one hand, individuals
makedecisions, interact betweeneachother, andmayalsoparticipate inpolitical a�airs. On theother
hand, managers, public servants and policy-makers invoke values when making decisions in public
a�airs in behalf of the society. Hence, values are present in shaping the social outcome—and, for this
reason, it is convenient to express and distinguish values in a practical sense.

2.1.1 Values as amultidisciplinary construct

Traditionally, values have been present in normative disciplines like ethics and politics, when asking
questions about what constitutes good social outcomes and how societies should be governed for
that purpose. Values are also present in many other disciplines, especially for analytical purposes.
They have been covered in psychology [221, 183, 111], engineering [195, 196], economics [161], and so-
ciology [108], to mention some of the major fields today.
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This has lead tomultiple perspectives and di�erent definitions for values. As a consequence, the defi-
nitional inconsistency and themultiplemethodological approaches across academic fields constitute
one of the main problems for the science of values [206, 110].

It is broadly accepted that values are cognitive constructs. They cannot be proved wrong, they can-
not be measured directly, and they express inner principles of what individuals consider good and
right. That is why values have been historically related to ethics and moral reasoning [108, 224], and
then to studying the psychological concepts with regard to the conduct of individuals [183]. However,
although values are cognitive constructs, they are useful for modelling socio-cognitive systems: they
provide a description of an aspect of human cognition that is extremely useful formodelling social be-
haviour (which includes also an ethical reasoning of individuals) and for setting standards for policy
assessment —useful for the design of simulator systems for that matter.

In addition, values are also relevant from a social perspective. Since values define what is right and
good for individuals, they will eventually determine their behaviour in society and their concern for
others [99]. This takes special relevancewhenconsideringagents that act in social spaceswhereother
beings and entities coexist: for instance, from a socio-cultural perspective, values can determine the
cooperation and interaction of individuals (e.g. altruism, reciprocity, etc.).

For the sake of practicality, values are used as standards to define the value of some object in some
disciplines. In this spirit, value—in singular— is the inherent degree ofworth, importance or desirabil-
ity assigned to an object (e.g. event, action, or outcome), which is elicited from a systemof values—in
plural. Accordingly, assigned value refers to the contribution of an object tomeeting a specific goal or
objective [60]. In some cases, this view can help not only to identify the value (i.e. gain) of something,
but also the cost (i.e. loss). However, this approach is subject to severe criticism, provided that the
system of values trough which the value is elicited is overshadowed —thus pushing aside the debate
of what values should be considered when assessing something.

2.1.2 Values from an agent perspective

Whenspeakingaboutagents’ cognition, thenotionof valuesemphasise someparticularaspectspresent
in behaviour.

Many sources in psychology concur that values play an active role in the intentional humanbehaviour
—regardless of whether reasoning about them is conscious or not—, as they play an important role in
settinggoals andelicitpreferences [183]. It is said that humanbeings are goal-directed, understanding
goals as desired outcomes [2]. Individuals perceive the environment and its discrepancies with their
goals,whichmaymotivate themtopursueaction. Inotherwords, individuals assess the stateof a�airs
with regard to their values, theoutcomeofwhichmaymotivate themto take someparticular courseof
action. For this reason, there is abundant support on that values are connected withmotivation [207,
222, 183], which relates to what individuals pursue and how they pursue it in terms of intensity and
persistence [183]. Alternatively, values are o�en approached as internalised norms (such as habits)
that determine agents’ courses of action (that is, influencing their behaviour not due to a deliberative
analysis of an assessment, but rather due to following an internal rule) [209].

Althoughgoal-setting is commonly considered tobea conscious and intentional process, goals canbe
established, or at least influenced, byexternal elements. Decision situations canbe framed indi�erent
ways that give rise to di�erent preferences [130]. This is particularly important in social systems, as
values play a great role in framing social issues and collective problems [143, 144].

It is convenient to say that values are not the only cognitive constructs involved in eliciting goals
and preferences. Values are part of the cognitive system and are intrinsically connected with other
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cognitive components like mental models —that are used to understand and interact with the envi-
ronment [126] and provide explanations and inferences about diverse phenomena [36]—, personal
traits [183], emotions [223, 25], and attitudes [135, 110], besides being a�ected by diverse cognitive
biases [130].

One of the significant characteristics of values for modelling-purposes is that they are largely stable
internal cognitive constructs. It has been suggested that values arise from lived experiences and up-
bringing, and they only change under singular events [183].

Cognitive view of values: perception, evaluation, and decision-making

In plain terms, values are considered to be constructs that guide behaviour by acting as individual-
level cognitive heuristics [270], standards of preference [207] and moral intuitions [110]. Especially,
they are related tomotivation, thus articulating reasons to initiate and perform intentional behaviour
in order to satisfy the (human) basic needs of the individual [203, 183, 225].

Schwartz and Bilsky [225, 219] provided the most exhaustive and mainstream definition of values:
(1) values are beliefs (2) that refer to desirable goals that motivate action, (3) transcend specific situ-
ations, (4) guide selection and evaluation of actions, policies, people, and events, (5) are ordered by
relative importance, and (6) whose relative importance guides action.

In practice, values serve to make value judgements or assessments —thus, they are, in essence, an
evaluative construct. Individuals decidewhich course of action is preferable by using values—as they
inform about what constitute appropriate behaviours and desirable states of a�airs. Naturally, many
situations involve a choice between a priori equally-right alternatives, presenting an unclear picture
of what course of action is preferable to take, which is, in essence, an ethical dilemma.

However, individuals do not reason explicitly on values in general terms. It has been suggested that
only situations that arenewor complex enough lead toanactive value-based reasoning,while routine
is based on habits —which would have been adopted by an active value-based reasoning process in
the first place [183].

Given a finite set of options in response to a challenge or opportunity in the environment, individu-
als bring their potential outcomes to mind and compute their expected value, in order to determine
whether these outcomes should be set as goals [2]. Two additional constructs are relevant in this
process: (i) the rewarding value of the outcome and (ii) the expectation of being able to attain it. Yet,
individuals are incapable of exploring every course of action and its consequences [235], besides be-
ing their judgements o�enbiasedandbasedonheuristics [130]. As it iswell-known, human rationality
is bounded and a�ected by emotional and intuitive processes (in which, values would play a relevant
role).

In this dissertation, it is assumed that values shape the cognitive functions that agents performwithin
a particular context, namely by: (a) guiding perception of the environment (i.e. defining what is rele-
vant and deserves attention); (b) guiding the evaluation of objects (especially, the assessment of (ob-
jective) states of a�airs andactions’ outcomes); and (c) guiding individuals’ decision-making (i.e.what
goals are set and what are the best courses of action).

Theoretical approaches and taxonomies of individual values1

Several approaches have focused on classification of values from a cognitive perspective of the indi-
vidual. Although there is no consensus on taxonomies, some works stand out.

1Most of the following models are based on surveys to empirically elicit individual values (see [104]).

13



Chapter 2. Background

One of themost knownmotivational theories is the one proposed byMaslow [159]. Although this the-
ory does not mention values explicitly, it resulted in much work that related them to motivation and
human needs (see [203]). Maslow’s theory defines a hierarchy of human needs that is represented
as a pyramid: needs lower down must be satisfied before individuals can attend to the needs higher
up the pyramid (Fig. 2.1). According to the theory, there are five hierarchical levels: (i) physiological;
(ii) safety; (iii) love and belonging; (iv) esteem; and (v) self-actualisation. Later, Maslow thought on
adding a sixth level to the pyramid: (vi) intrinsic values, which did not focus on biological needs, but
rather on abstract elements such as truth or beauty (see [101]). Nonetheless, this theory has been
severely questioned: there are empirical evidence that show how human needs are not always pro-
gressively pursued in that hierarchical view (see [40]). For instance, social belonging has been sug-
gested to be at the most basic level of human needs and not pursued only once physiological and
safety needs are met [26].

Physiological

Safety

Love/Belonging

Esteem

Self-
actualisation

Figure 2.1: Maslow’s hierarchy of needs (Source: [159])

Another theory is the one developed by Reiss. Reiss [203] proposed a theory of basic motives or
desires, which were defined as reasons individuals hold for initiating and performing voluntary be-
haviour, thus possibly revealing their values and themeaning of their behaviour. He identified 16mo-
tives or desires: (1) power; (2) curiosity; (3) independence; (4) status; (5) social contact; (6) vengeance;
(7) honour; (8) idealism; (9) physical exercise; (10) romance; (11) family; (12) order; (13) eating; (14) ac-
ceptance; (15) tranquillity; and (16) saving.

Noteworthy progress in the research about the connection between values, needs and motivations
has been done by Rokeach [207], Schwartz [226], and their colleagues. Rokeach [207] developed the
Rokeach Value Survey to infer the value priorities of individuals, and distinguished between instru-
mental values (i.e. related to modes of behaviour) and terminal values (i.e. desirable end-states of
existence, such as freedom and familiar security); and also between individual values (i.e. related to
satisfying individual needs and self-esteem, such as honesty or courage) and social values (i.e. related
to social demands, since supra-individual entities (e.g. society, organisations, etc.) “socialise the indi-
vidual for the common good to internalise shared conceptions of the desirable”).

Working on Rockeach’s formulations, Schwartz postulated the Theory of Basic Values [226], which
has been supported by substantial empirical evidence [221], becoming the mainstream (empirically-
supported) value theory (see [104]). One of the main observations was that human values could be
captured by a finite set and were consistent across cultures. Accordingly, Schwartz and Bilsky [225]
suggested that values are cognitive representations of human needs, and identified three basic hu-
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manneeds: (i) theneedsof individuals asbiological organisms; (ii) the requisites of coordinated social
interaction; and (iii) the survival and welfare needs of groups.

The Schwartz Theory of Basic Values defines 10 groups ofmotivational values according to the type of
goal ormotivational concern they pursue. These groups are graphically organised in a circle, in which
those groups that are commonly exhibited together are positioned close to each other (Fig. 2.2). This
spatial representation enables to easily identify “conflicting” values (that is, those groups that are in
diametrically-opposed positions). The 10 Basic Values are: (1) power; (2) achievement; (3) hedonism;
(4) stimulation; (5) self-direction; (6) universalism; (7) benevolence; (8) conformity; (9) tradition; and
(10) security (Table 2.1).

Figure 2.2: Model of the ten motivational types of value in the Schwartz Theory of Basic Values
(Source: [219])

This theory has been used to study political behaviour (e.g. voting behaviour [227] and decision-
making in public policies [37]), and evenhas been a subject of study in order to enhance their usability
in public administration and policy studies (e.g. [270]).

Recently, Schwartz and colleagues [220] proposed to refine the Schwartz Theory of Basic Values in
order to provide greater explanatory power and emphasising that values form a circularmotivational
continuum. In this spirit, they postulated 19 values sets (mostly, splitting the previous value sets into
two di�erent types). For example, they divided ‘benevolence’ into ‘benevolence–dependability’ (fo-
cusing on being a reliable and trustworthymember of the group) and ‘benevolence-caring’ (focusing
on the devotion to the welfare of groupmembers).

Table 2.2 provides an overview of all the theories reviewed in this section.

2.1.3 Values from a social perspective

Values can also be explored at a cultural level. As human beings are social beings, there are notions of
common good from a social perspective (thus principles and standards that define the public interest
of a community or society). In this spirit, the notion of values has been explored also for social goal-
setting and decision-making in public a�airs. Noticeably, this notion of value transcends individuals’
motivations and relates to what is good and worthy from a supra-individual perspective (although it
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Table 2.1: Value sets and their theoretical goal of the Schwartz Theory of Basic Values (Source: [219])

SELF-DIRECTION: STIMULATION:

Independent thought and action —choosing, creating, exploring
(creativity, freedom, choosing own goals, curious, independent).

Excitement, novelty, and challenge in life (a varied life, an
exciting life, daring).

HEDONISM: ACHIEVEMENT:

Pleasure or sensuous gratification for oneself (pleasure,
enjoying life, self-indulgent).

Personal success through demonstrating competence according
to social and cultural standards, thereby obtaining social
approval (ambitious, successful, capable, influential).

POWER: SECURITY:

Attainment of social status and prestige, and control or
dominance over people and resources (authority, wealth, social

power, preserving my public image, social recognition).

Safety, harmony, and stability of society, of relationships, and of
self (social order, family security, national security, clean,

reciprocation of favours).

CONFORMITY: TRADITION:

Restraint of actions, inclinations, and impulses likely to upset or
harm others and violate social expectations or norms (obedient,

self-discipline, politeness, honouring parents and elders).

Respect, commitment, and acceptance of the customs and ideas
that one’s culture or religion impose on the individual (respect
for tradition, humble, devout, accepting my portion in life,

moderate).

BENEVOLENCE: UNIVERSALISM:

Preservation and enhancement of the welfare of people with
whom one is in frequent personal contact (helpful, loyal,

forgiving, honest, responsible, true friendship, mature love).

Understanding, appreciation, tolerance, and protection for the
welfare of all people and for nature (broadminded, social justice,
equality, world at peace, world of beauty, unity with nature,

wisdom, protecting the environment).

is true that contribution to the common good is also a basic individual motivation—see, for instance,
universalism as a value group in the Schwartz Theory of Basic Values mentioned in the previous sec-
tion). Therefore, it is necessary to explore another concept of values that is relevant for assessing the
e�ects in a social system.

For individuals, values not only have to do with the individual conduct, but they also relate to be-
liefs about how the society should be. Individuals evaluate and reason about public a�airs and social
outcomes using values [111, 37, 135]. Hence, values have been notably covered also in political phi-
losophy, policy sciences, and public administration, to discuss on value-driven decisions in public
a�airs. In other words, there has been extensive research aiming to define what constitute desirable
society-level outcomes.

Many scholars have focused on eliciting universal sets of social values (also referred to as societal val-
ues or public values), constituting consensual expressions ofwhat is desirable in society (see [39]). Ac-
cordingly, Bozeman [39] claims that such values provide “normative consensus about (a) the rights,
benefits, and prerogatives to which citizens should (and should not) be entitled; (b) the obligations
of citizens to society, the state, and one another; and (c) the principles on which governments and
policies should be based”.

With this inmind, policy-making has been described as “the process by which governments translate
their political vision into programmes and actions to deliver desired changes in the real world” [256]
—where “political visions” define the concept of common good. Policy-making is (in rather simple
terms) a process to design and enact public policies, which are plans or programmes for coordinating
the social activity towardsadesirable social-outcome (for instance, establishinga taxon sugarydrinks
to reduce the consumption and thus contribute to the health of the community —that is, a collective
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Table 2.2: Comparison of value theories focused on the individual

Value theory Focus Categories

Maslow [159] Hierarchy of needs (5): Physiological; Safety; Love and belonging; Esteem;
Self-actualisation

Reiss [203] Motives of actions (16): Power; Curiosity; Independence; Status; Social contact;
Vengeance; Honour; Idealism; Physical exercise; Romance;
Family; Order; Eating; Acceptance; Tranquillity; Saving

Rokeach [207] Desirable lifetime
end-states and

modes of behaviour

(18) Terminal values (e.g. Mature love; Equality; Freedom;
Peace); (18) Instrumental values (e.g. Ambition; Love;

Honesty; Obedience)

Schwartz [221] Motives of action (10): Power; Achievement; Hedonism; Stimulation;
Self-direction; Universalism; Benevolence; Conformity;

Tradition; Security

Schwartz [220] Motivational
continuum of

action

(19): Power-resources; Power-dominance; Achievement;
Hedonism; Stimulation; Self-direction-action;
Self-direction-thought; Universalism-tolerance;
Universalism-nature; Universalism-concern;

Benevolence-caring; Benevolence-dependability; Humility;
Conformity-interpersonal; Conformity-rules; Tradition;

Security-societal; Security-personal; Face

response to a collective problem). This means that policy-making and public policies involves value-
ladendecisions, thatnotonly reflect the standards thatground thenotionof commongoodandpublic
interest, but also the hierarchy of those conflicting values [37]. 2.

Given that these values concern the society at large and not only the individual holding it (see [135]),
thesevaluesmaybeopposed to theprivate self-interestof individuals [39] (e.g. elderpeopleaccepting
topayhigher taxes for better basic education, although they arenot directly benefited from improving
this public service). In spite of assuming that individuals may hold di�erent social values in compar-
ison to each other, they are o�en shared among social groups (see [135]). As mentioned previously,
there is a reciprocal interaction between the individual and the group [110]: the group influences the
individual through its shared values just as the individuals influences the group through its subscrip-
tion (or not) to these values. This influencemay also appear in companies and organisations, and not
only in societies [236]. In this light, Kenter et al. [135] distinguished between shared values and social
values: the former are values that were shared among individuals, and the later are those values that
concern the society at large.

2Indeed, valueshave todowith this viewof (Aristotelian)politics, understoodas theart of organisingpublic a�airswhose
purpose is to achieve a good social outcome (also, common good or public interest). Notice that another usual understand-
ing of politics is about contesting competing views of good social outcome and appropriate organisations of public a�airs,
emphasising the interaction between competing stakeholders.
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Cognitive view of values in policy decisions

In contrast, other scholars explore these values from a cognitive point of view (and not from a nor-
mative approach for guiding policy-making). For instance, they explore how values are involved in
decision-making of public servants [37, 270] andmanagers [133] in the context of their work —that is,
the standards that eventually determine their decisions. In this sense, public values are beliefs that
decision-makers invoke to justify their choices in public a�airs on the behalf of the community [271].
Thus, public values act as guiding principles in political decisions. Thacher and Rein [253] described
values in public policies as “the ultimate ends —the goals and obligations that policy aims to pro-
mote as desirable in their own right, not just as means to some other objective” [253]. However, the
understanding of what constitutes public value (i.e. the worthiness of the social outcome or state of
a�airs) arises from evaluations made by individuals according to their value hierarchies, which leads
to the preference of particular social outcomes (see [168]). Interestingly, public decisions usually pose
ethical dilemmas among desirable outcomes and conflicting values [136, 270, 37] (e.g. privacy vs. se-
curity). Besides, values are involved in making sense of a collective problem (which was previously
presented as perception). As Stewart [247] claimed, “policy design has a value-based component be-
cause the ways we attempt to change or influence behaviour depend on, in turn, beliefs about the
reasons for that behaviour”.
Based on this perspective, any public policy is a “value-driven plan of action”, which describes a col-
lective problem that requires intervention, defines a better state that should be attained, and estab-
lishes some governance mechanisms to do so. That is, public policies have to do with values (and
priorities) and the economy of public resources [37]. In themost simple terms, public policies declare
ends (i.e. what states of a�airs are desirable) andmeans (i.e. how this state is going to be achieved, by
intervening a social system).

Cognitive view of values in political behaviour

Values have been addressed to explore the political cognition of individuals, which is growing atten-
tion nowadays.3 Core beliefs and human values are basic criteria for political evaluations within pol-
icy domains (i.e. policy preferences, performance judgements, candidate assessments, etc.) [83, 94],
eventually influencing voting behaviour [227] and influencing the social acceptance of public poli-
cies [269]. In this view, it has been suggested that ideology is the way values are expressed and de-
bated in political life [37].
Moreover, somescholars studyhow individualsuse socio-cognitiveheuristics tomakesenseof thepo-
litical world [3]: for instance, by voting for the candidatewhomost alignswith their ideological world-
view, by relying only on information from aligned sources, usually failing to link cause and e�ects in
policy decisions, andbeing subject to framing e�ects [144]. In this light, Achen andBartels [3] contrast
the actual political behaviour of individuals with the ideal theories of democracy that consider citi-
zens as rational, well-informed voters, concluding that social identity and political loyalties are even
more decisive than rational policy preferences. In fact, research has been done on linking values and
personal identity, which in turn leads to the constructions of group- and value-identities [108, 152].

Values, public services and governance

Paraphrasing Moore [168], the contribution to public value (i.e. the worthiness of a state of the world)
justifies taxation in order to invest in public services and public policies, thus serving citizens of the

3See, for instance, the call for experts fromtheJointResearchCentre, aimingat collaborating to improve theunderstand-
ing of values in policy-making and political decision-making: https://ec.europa.eu/jrc/en/enlightenment/call-
experts-science-of-values
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society. In this sense, public values represent a compelling story that connects the public services
and public policies to its worthiness [177]. For example, water sanitation is an essential public ser-
vice in cities because it contributes to public health by protecting urban population fromwaterborne
diseases.

As values are involved in decisions in public a�airs, they influence theway the society is governed and
thewaypublic servicesaredelivered. In the samevein, citizensalsohavebeliefs abouthowthesociety
should be. Consequently, citizens want governance and public services to be provided according to
their values, their political preferences, and their ethical expectations [168].

These demands can be expressed in a political arena (i.e. citizen), and not only in markets by making
di�erent choices (i.e. consumer), because one’s preferences as a consumer may di�er significantly
from one’s preferences as a citizen. As Moore [168] points out, “politics is the answer that a liberal
democratic society has given to the (analytically unsolvable) question of what things should be pro-
duced for collective purposes with public resources”. With this in mind, citizens will judge the value
of those companies —especially, those that manage public services— against their expectations of
justice, fairness, e�iciency and e�ectiveness [168].

However, it is true that citizens do not always have the necessary information to make certain deci-
sions. For this reason, it has been suggested that citizens should notmake technical decisions on their
own (see [70]). This means that although it is completely legitimate for them to make decisions and
express their viewson the values that should guide themanagement andprovisionof a public service,
they should be fully informed and consider technical advice by experts (e.g. engineers, scholars, etc.).

Theoretical approaches and taxonomies of social values

Many scholars have proposed inventories of public or social values, with di�erent foci. (i) Some sets
are centred on providing theory to analyse culture and socio-political changes (i.e. progress lines of
societies); (ii) others are addressed to (objectively) assessingmanagement and public administration
(i.e. normative or prescriptive political views); (iii) and, finally, others are proposed to study thebeliefs
of individuals about the organisation of the society (i.e. descriptive political views), focusing specially
on public servants and their decisions in public a�airs. Although the research questions of these ap-
proaches di�er, it is clear that the content of the sets of value items is mostly coincident.

One example of the sets of the first category is Inglehart’s theory [119], who, working on Maslow’s
theory, related values with political shi�s in societies. Their work aimed to demonstrate that post-
industrial societies, once ensured their economic security, focused onmore transcendental goals like
the protection of the environment. He defined two main sets of values: materialist, related to the
lower levels of the Maslow’s pyramid (i.e. stability, security, social order), and postmaterialist, related
to the upper levels (i.e. citizen involvement, freedom, equality, etc.). In the same vein, materialist
values were related to security and power in the Schwartz’s theory, and postmaterialist values were
related to universalism (which are opposed in the Schwartz’s spatial representation (Fig. 2.2)).

Several examples can be found in the second category. Although there are many taxonomies, they
concur with reflecting the diverse duties and responsibilities in governance [151].

Kernaghan [136] divided values into four categories: ethical values, such as honesty and integrity;
democratic values, such as legality and accountability; professional values, such as e�iciency and in-
novation; and people values, such as tolerance and compassion.

Hood [114] proposed three types of administrative values: theta values, that refer to honesty and rec-
titude; lambda values, that relate to resilience and robustness; and sigma values, that are about e�i-
ciency and frugality.
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Jørgensen and Bozeman [128] reviewed public administration literature and identified a list of 72 val-
ues that they organised based on the seven aspects of public administration the value a�ects: (1) Pub-
lic sectors’ contribution to society (e.g. public interest, human dignity, regime stability, etc.); (2) trans-
formation of interests to decisions (e.g.democracy, citizen involvement, etc.); (3) relationship between
public administrators and politicians (e.g. accountability, responsiveness, etc.); (4) relationship be-
tween public administrators and their environment (e.g. listening to public opinion, etc.); (5) intra-
organisational aspects of public administration (e.g. reliability, timeliness, e�ectiveness, etc.); (6) be-
haviour of public employees (e.g.moral standards, professionalism, ethical consciousness, etc.); and
(7) relationship between public administrators and the citizens (e.g. equal treatment, protection of the
rights of the individual, etc.).

Regarding values as decision-drivers, Witesman and Walters [270] studied the beliefs of public ser-
vants, who made decisions on behalf of many individuals and whose values were reflected in their
choices. Theauthors compareduniversalpublic values (e.g. JørgensenandBozeman’s inventory [128])
andmotivational values (e.g. Schwartz’s basic values [221]), and concluded that (i) the current public
values literature lacked the micro-theoretical grounding to provide an understanding of the psycho-
logical dimensions that impact the individual decisions of individual public servants; and that (ii) the
Schwartz’s theory —themost consolidated theoretical proposal on values— lacked social values that
accurately capture the preferences of societies in aggregate and that are very likely to be invoked by
individual decision-makers in making decisions in their roles as public servants.

Consequently, Witesman and Walters [270] postulated the existence of public service values as “the
subset of social, professional, ethical, and other values that are related directly to a person’s role as
a public servant, and would be acknowledged by that public servant as reasonable, legitimate, and
relevant in carrying out the functions of a given position in the public sector”. They proposed a mod-
ified version of the Schwartz Theory of Basic Values, to shi� from values involved in the preferences
of individuals to values in the preferences of societies at large (Fig. 2.3). This work considered 15 the-
oretical value groups —for which they split Schwartz’s universalism into six di�erent sets (Table 2.3):
(1) Community/Responsiveness; (2) Transparency/Citizen influence; (3) Social Justice; (4) Neutrality;
(5) Stability; (6) Equity; (7) Benevolence; (8) Tradition; (9) Conformity; (10) Security; (11) Power; (12)He-
donism; (13) Achievement; (14) Group interest; and (15) Stimulation. This theory has been applied to
study actual decisions by public servants with some changes [271, 272]. Alas, as the authors warn, it
is still a novel approach and it should be further explored with more empirical evidence. Besides, its
“spatial representation” has been severely questioned (as it does not provide the same meaning as
does in the Schwartz’s theory) [272].

Also Schwartz [224] worked on further exploring the value items of the universalism value set (e.g. so-
cial justice, equality, tolerance, etc.) to observe their constitution as moral social values that are in-
volved in many policy issues (e.g. immigration).

Table 2.4 provides an overview of the value models reviewed in this section.

2.2 Policy assessment

Values are involved in designing policies, either evaluating end states and choosing means of action.
Since these choices have significant economic, social or environmental impacts, it is advisory to con-
duct apolicy assessment. A policy assessment is an explicit statement of the expected environmental,
social and economic impacts, describingwhoare a�ectedby the intervention andhow, andproviding
some consultancy [76].

In plain terms, a policy is a plan of action in order to reach a state deemed desirable or achieve some
goal. Public policies aim at addressing what has been defined as a collective problem [65] and pro-
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Figure 2.3: Model of the Witesman and Walters’ Public Service Values (Source: [270])

ducing a desirable society-level outcome [168, 129]. According to May [160], public policies “typically
contain a set of intentions or goals, amix of instruments ormeans for accomplishing the intentions, a
designation of governmental or non-governmental entities charged with carrying out the intentions,
and an allocation of resources for the requisite tasks”.

2.2.1 Policy-making cycle

Public policies also have to do with power. According to Botterill and Fenna [37],“in the real world of
policy decision-making, policy choices emerge from the interplay of a variety of actors and advocacy
coalitions who represent and seek to promote and defend di�erent sets of relevant values”.

The policy-making cycle is o�en described as a linear process that includes agenda-setting, design,
implementation, application (includingenforcement), evaluationand revision (i.e.maintain, redesign,
or terminate the policy). However, policy-making and its stages are far more complex and uncertain
than a linear process [47, 214] andmultiple theories have been postulated in this regard (see [65, 37]).
Someof themost salient features that explain that complexity are that (i) while design is usuallymade
without enough information, decisionsmay have substantial impact, which is not always direct and it
is o�en di�icult to quantify or even foresee; (ii) several factors and actors are at play, their interdepen-
dence may not be evident, and they may be out of control the of any actor, but they still determine
the policy outcome; (iii) multiple social needs are at stake, but their meaning may depend on the
perspective collective problems are approached with; (iv) multiple stakeholders are involved, who
have competing values and interests, advocate for them in political arenas, ad mobilise diverse re-
sources (e.g. economic, information, etc.) [65] —for instance, occupational groups, religious groups,
etc.; (v) stakeholders use many forms of knowledge besides scientific evidence when making deci-
sions like habits and conventional wisdom [47, 38, 271].
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Table 2.3: Value sets and their operational goal of Witesman and Walters’ Public Service Values
(Source: [270])

SOCIAL JUSTICE: NEUTRALITY: EQUITY:

Seeking justice and promoting the
welfare of society as a whole (public
interest, human dignity, sustainability,
common good, social cohesion).

Achieving freedom from bias; allowing
actions and information to pass through

people without impacting them
(government neutrality, political

neutrality, impartiality).

Distributing social benefits without
discrimination or favouritism; support of

systems and actions that promote
fairness and equality for individuals and
groups (equal treatment, social justice,

equity, fairness).

BENEVOLENCE: TRADITION: CONFORMITY:

Promoting the welfare of people with
whom one has personal contact
(responding to need, advocacy,

friendliness, loyalty).

Upholding customs derived from social
institutions (rule of law, regime dignity,

loyalty).

Refraining from potentially unacceptable
action (honesty, moral standards, ethical

consciousness, integrity, legality).

SECURITY: POWER: HEDONISM:

Avoiding danger or deterioration of
quality (regime stability, national
security, security of information).

Achieving control or dominance over
people and resources (being in charge,
decisiveness, prestige, authority).

Achieving personal pleasure and
gratification (good working, self-interest).

ACHIEVEMENT: GROUP INTEREST: STIMULATION:

Achieving competence or success
according to social standards (reliability,
productivity, e�ectiveness, e�iciency,

professionalism, competence,
responsiveness).

Promoting the welfare of a group or
segment of all people (protection of
minorities, voice of the future,

stakeholder value).

Pursuing excitement and challenge
(innovation, challenge, adaptability, risk

readiness).

COMMUNITY/RESPONSIVENESS: TRANSPARENCY: CITIZEN INFLUENCE:

Pursuing mutual benefit of two or more
individuals or groups; sharing of power
and prestige to the mutual benefit of two

or more individuals or groups
(cooperativeness, compromise,

collaboration).

Allowing access to information; making
information and actions available for
scrutiny (transparency, openness,

objectivity).

Upholding influence of individuals and
groups over the institutions and policies
that a�ect them (citizen involvement,
local governance, dialogue, democracy,
will of the people, listening to public

opinion).

2.2.2 Policy design and assessment

In this dissertation the focus is on the ex ante policy assessment, without discussing in depth policy-
making theories and how stakeholders interact in the cycle. Thus, although policy processes involve
the interaction of multiple social actors that shape the actual policy, this dissertation is focused on
standalone users who use computational models for social simulation in order to enrich their knowl-
edge and introspect about their policy decisions.

The interest is on how to model the domains to be intervened (including stakeholders) and the poli-
cies to address a collective problem, in order to perform an assessment of those policies. In fact, the
European Commission refers to this process as Impact Assessment (IA), and considers it necessary
when the expected economic, environmental or social impacts of actions are likely to be significant
(see [76]). With this in mind, social simulation is considered a suitable methodology to perform such
ex ante assessment in a more sophisticated way.

In a general view, according to the European Commission an Impact Assessment should include the
following stages:
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Table 2.4: Comparison of value theories focused on the society

Value theory Focus Categories

Inglehart [119] Hierarchy of
societal goals

(2): Materialist values (e.g. security, tradition, stability);
Postmaterialist values (e.g. freedom, self-direction)

Kernaghan [136] Public
administration and

public
management

(4): Ethical values (e.g. Integrity; Accountability; Honesty);
Democratic values (e.g. Rule of law; Neutrality; Legality);
Professional values (e.g. E�iciency; Excellence; Innovation);

People values (e.g. Caring, Benevolence, Humanity)

Hood [114] Public
administration and

public
management

(3): Sigma-type values (e.g. Frugality; Competence;
E�iciency); Theta-type values (e.g. Honesty; Fairness;

Mutuality); Lambda-type values (e.g. Reliability; Robustness;
Adaptativity)

Jørgensen and
Bozeman [128]

Public
administration and

public
management

(7): Contribution to society (e.g. public interest);
Transformation of interests to decisions (e.g. democracy);

Relationship with politicians (e.g. accountability);
Relationship with environment (e.g. public opinion);

Intra-organisational aspects (e.g. timeliness); Behaviour of
public employees (e.g. moral standards); Relationship with

citizens (e.g. equal treatment).

Witesman and
Walters [270]

Motives of decisions
in public a�airs

(15): Community & Responsiveness; Transparency &
Citizen influence; Social Justice; Neutrality; Stability; Equity;

Benevolence; Tradition; Conformity; Security; Power;
Hedonism; Achievement; Group interest; Stimulation

Definition of the problem and boundaries of the system

The first step consists in abstracting the reality and drawing the boundaries around the domain. It
should include, at least, an analysis of the situation and context, stressing the purpose and scope
(i.e. spatial and time scales), and a description of the stakeholders involved and their motivations.
In other words, a messy problematic situation is converted into a structured well-defined problem,
a�ording to design policies and hence address collective problems [115]. Given this definition of the
problem, one can reason about the ends and themeans.

In general terms, significant ethical and political assumptions —and not only scientific— are made in
theprocesses of abstracting the reality to build thesepolicymodels (see alsoChapter 3). These involve
value judgements that ground the definition of the problem, the choice of alternative instruments
suitable toaddress the issue, and theevaluation systemthatwill beused toassess the social outcome.
Accordingly, defining the problemcorrectly is themost important stage, as it will determine the policy
design and thus the policy e�ectiveness.

Accordingly, the policy model presents a specific definition of a collective problem and links it with
those who are held accountable (either as cause or solution of the issue). For instance, an excessive
water useapproachedas collectiveproblemmaybe represented indi�erentways that involvedistinct
moral considerations. Representing such issue as a matter about the di�usion of e�icient technolo-
gies in a market and their adoption by households has a significant underlying meaning: in this case,
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the policymodel declares households as target group—portrayed as consumers— and frames the so-
lution as a market-choice. What is not represented in the model may be evenmore important; in this
example, industries are not the target group, and the solutions are not, for instance, taxation of the
profit they make from using water as input of their activities.

This is why it is said that policy models reflect paradigms, which are taken-for-granted descriptions
and theoretical analyses that constrain the rangeofalternativepolicyoptions [50, 125]. Pahl-Wostl [181]
states that “paradigms strongly influence meaning, understanding and perception of reality and of
problem situations, how boundaries are delineated, and how the space for identifying problems and
developing solutions is determined”. Alternatively, Campbell [49] defines paradigms as “cognitive
backgroundassumptions that constrainactionby limiting the rangeofalternatives thatpolicy-making
elites are likely to perceive as useful and worth considering”. In essence, paradigms establish world-
views and theoretical frameworks that constrain the range of policies to be consideredwhen address-
ing public issues, as economy or social welfare [50, 125]. It has been suggested that these paradigms
are supported by language anddiscourse, contributing to form “mental structures that shape theway
we see the world” [142].

Policy objectives

The second step focuses on establishing and describing clearly what objectives should the interven-
tion is meant to achieve, thus defining somewhat the desirable states to be attained. Furthermore,
these objectives constitute the benchmark that will be used for ex post evaluations of the policy —or
ex ante, if simulation is used.

In order to assess the policy, policy-makers and stakeholders may rely on some performance indica-
tors that stand for those end states and make objective the assessment of improvements [112]. Indi-
cators may be quantitative or qualitative, andmore or less direct about the value they pursue.

These indicators are specific for a particular context and domain, and should involve aspects of ac-
curacy, time and cost of collection and processing. Furthermore, it is convenient to remark that the
selection of indicators to capture values is not a neutral decision, and that should not become values
on their own (but rather, they are projections of those values onto an element that can bemeasured).

Policy options

The third step identifieswhich alternative options are available to reach thepolicy objectives. Besides
being consistent with the definition of the problem, such options should take into account that target
groups and field sta� must accept and support them at some degree [160]. Usually, public policies
aim to produce a behavioural change on target groups so as to drive the system towards a desirable
state.

Alternative approaches and combinations may be available to address the problem: financial instru-
ments (e.g. grants, subsidies, loans, insurance, etc.); economic instruments (e.g. prices, taxes, trib-
utes, etc.); regulatory instruments (e.g. laws, standards, etc.); informational/persuasive instruments
(e.g.messages, campaigns, etc.); social instruments (e.g. networking, distribution channels, etc.); and
resource/service supply instruments (e.g. infrastructure, etc.), among others.

Also, ex ante assessments should explore the feasibility and certainty that an action or plan will pro-
duce that desired outcome in the time and spatial scales of interest.

24



A value-based approach to ABS for policy assessment

Policy e�ects and evaluation

The fourth step is intended to evaluate the expected results of the policy in the social system. Assum-
ing that simulation is used to carry out an ex ante assessment, this process is done by using amodel of
the system and its computational simulation. Nonetheless, a plan formonitoring the evolution in the
real social systemshouldbe elaborated, as itwill be necessary for continuous evaluation and revision.
Values are involved in the evaluation of the resulting states of the system, as they establish the stan-
dards and criteria that express the worthiness of some state. With this in mind, diverse methods are
used to evaluate the outcome, such as cost-benefit analysis (CBA) or multi-criteria decision analy-
sis (MCDA) (see [171, 195]). Thesemethodologies support the comparison between options by assum-
ing that values can be projected onto some indicators (a consequentialist view) and can be compared
and aggregated, allowing value trade-o�s (a commensurable view) (see [116]).
Interestingly, a baseline scenario (i.e not intervening at all) should be always considered as a bench-
mark for evaluation.

2.3 Artificial intelligence and agent-based simulation

Given the profound social consequences (e.g. ecological, social, economic, etc.) that public policies
may have, the complexity of social systems, and the limited cognitive capacity to consider all possi-
ble actions and e�ects in social systems, it is convenient to assess policies prior to their enactment.
Artificial Intelligence (AI) may provide powerful tools andmethodologies for this matter.
Simulation is the imitation of a real-world process or system over time and can contribute to policy
assessmentwithout disturbing the real social systemandcommitting resources [23]. Simulation tools
can be used on social system models to explore the e�ects of alternative policies, as well as identify
counter-intuitive situations that should be avoided. With this aim, policy simulation requires models
that capture the social dynamics of the domain of interest, in order to appropriately inform policy-
making. That is, it is necessary to build appropriate models of these collective problems, in order to
apply computational tools that help experts to address these better in the real world.

2.3.1 Agents and socio-cognitive technical systems

Technically speaking, agents are entities that are able to perceive the environment in which they are
situated and act autonomously according to an internalmodel of rationality [212]. In this light, a focus
of AI consists of exploring and developing faculties for artificial agents (i.e. computer agents) in order
for them to perform a certain function or task —thereby creating artificial intelligences.
Besides, although the field of AI has focused traditionally on individual intelligence, it has been ex-
plored social phenomena (see [22]), especially considering the field of multiagent systems. Indeed,
human intelligence comprises socio-cognitive aspects because of the social nature of human beings.
Thus, AI canbeused to study thecoordinationof systemsconstitutedby social agents, inorder toengi-
neer technologies and methodologies that support the reasoning and decision-making on collective
problems.
On this basis, the notion of socio-cognitive technical systems (SCTS) arises. SCTS are social coor-
dination systems [12] that articulate the interactions of autonomous agents that are socially ratio-
nal [174]. They distinguish two first-class entities: a social spacewhere all interactions take place, and
agents that interact autonomouslywithin that environment. This view is particularly useful for policy-
making, because it sets the distinction between the agent, whose behaviour is motivated by values,
and the social space, that must be governed to preserve social values.
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2.3.2 Agent-basedmodels and social simulation

Agent-based models (ABM) are a type of computational model whose purpose is the simulation of
actions and social interactions of individuals or groups within an artificial environment —which is
also known as social simulation. The field of agent-based social simulation (ABSS) is used to develop
greater understanding of the complexity of interconnected societies, providing a useful approach for
diverse scientific disciplines such as biology, sociology or economy. Not surprisingly, the exploration
of sociological aspects by means of computer models is known as computational social sciences [59].

This approach is particularly useful for studying the social behaviour of multiagent systems, being
able to simulate interactions ofmultiple heterogeneous agents at themicro-level that eventually pro-
duce social phenomena at the macro-level. In this sense, ABMs require agents to be provided with
an artificial intelligence thatmakes them exhibit a realistic social behaviour in the domain of interest.
Hence, the models constitute a society of artificial agents that emulates the behaviour of the real so-
cial system [90]. Following this vision, anddependingon thepurposeof themodel, itwill benecessary
to include multiple submodels:

— Biophysical models (e.g. ecological dynamics, population dynamics, agricultural production,
etc.) (e.g. [16]);

— Models of human behaviour (e.g. reasoning, ethics, economic behaviour, cognitive biases, etc.)
(e.g. [235, 118]);

— Models of social topology and interaction (e.g. influence, peer pressure, social networks, com-
munication, etc.) (e.g. [103]);

— Economic models (e.g. production of goods, consumption of resources, purchase-sale, di�u-
sion of innovations, etc.) (e.g. [31]);

— Spatial representation models (e.g. grids, topographic maps, etc.) (e.g. [189]);
— Political models (e.g. argumentation, discourses and influence, framing, etc.) (e.g. [102]).

Computational models for policy-making

Agent-based social simulation has been acknowledged as a useful methodology to support policy-
making [91, 124, 131]. In this sense, models can be used to infer how policy interventions would per-
form in the actual societal system from their e�ects in a simulated society.

However, one of the main barriers of this approach is to build realistic but simple societal models.
Many social and psychological theories are not expressed in a way that their implementation in com-
puter models is simple, and neither they are referred to the behaviour of large masses of individuals
in complex systems. Hence, many scholars are concerned about social-simulation models being ar-
tifices and erroneous, since their hypotheses and assumptions have been built to fit the data (over-
fitting) and have not been properly validated [87]. So, what utility can be derived from social simula-
tion?

On the one hand, although models do not reflect exactly actual socio-cognitive processes, this does
not mean they are not realistic. Therefore, even if the model is “artificial”, the simulation of realistic
micro-interactions in a complex system can be useful, as theymay result in interesting situations that
may expose the need for more in-depth investigation. This type of results generate scientific ques-
tions: “This is unexpected. Why does it happened? Does it make sense?” (see [145]).

Accordingly, these tools do not really predict, but rather they clarify the dynamics of the system un-
der diverse conditions, which can support policy assessment [6]. Actual prediction in policy domains
is practically impossible, as they are complex due to the interdependence between environmental,
economic, social, political and cultural aspects [91, 53]. This view assumes that the long-termmacro-
behaviour is consequenceofmany short-termmicro-decisions, being the former likely tobepredicted
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in rough terms. Hence, prediction in agent-based models refers to “the ability to reliably anticipate
data that is not currently known toauseful degreeof accuracy via computationsusing themodel” [72].

On the other hand, modelling is useful in that it is a research process. Every decision made when
building themodel contributes to understanding the phenomena andmay lead to consider the need
for more detail. Furthermore, it structures the problem in a way that it can be easily updated with
more appropriate sub-models. In sum, the value lies not somuch in themodel itself, but rather in the
conclusions drawn from simulations and in the exploration of a real-world analogy.

One should understand that all models are simplifications, and therefore no model will be a com-
plete representation of reality. In fact, this is what helps to better understand phenomena; hence,
modelling always faces a trade-o� between simplification and sophistication [248, 87].4 Even under
social complexity, individuals continue to use models —mainly, mental models— to make decisions.
Imagining hypothetical situations to develop anticipation is quite common. With this in mind, over-
simplified models and heuristics may be used to make decisions about public policies, which have
consequences on many people. Many models admit only a certain level of complexity, besides being
biasedandopaque, so that theycangenerateerroneouspredictionsandeventually theycanmisguide
decisions —and no one can explore and question that misguiding knowledge.

Interestingly, agent-based social simulation is a quite novel scientific field, and its actual impact on
policy-making is still limited. Although promising, it also has grown several concerns,mainly because
of the risk of backfiring if used without proper precaution [19, 87, 71] and the ethical considerations
when modelling the policy problems (see Sec. 2.2.2). Thus, decision-makers and modellers should
be aware of the assumptions and limitations since these tools may be given substantial influence in
policy processes (see [138]). One of the major challenges in modelling agent-based models is data
scarcity and having a proper representation of bounded rationality in the domain and context under
study, for which it is recommended to work with domain experts [117].

2.3.3 Values in Artificial Intelligence

Collective problems in multi-agent systems have been approached as a matter of changing individu-
als’ behaviour. The focus has been on designing a governance system that regulates the social space
(considering institutions, norms, etc.), while taking into account the individuals within (their inter-
ests, traits, acceptance, etc.) [75, 255]. Hence, much of the work in multi-agent systems focus on the
interaction of the governance system and the agents involved. Nevertheless, values have not been
explicitly considered in such approach, in general terms.

One strategy to include values has been to sophisticate utility functions, where the value is repre-
sented by a mathematical expression and weighted di�erently depending on the sensitivity of the
agent [163]: for instance, the utility with regard to fairness may increase when some benefit is split
equally among the agents of the environment. This approach is easily implemented for those values
that have an immediate numerical translation (e.g. e�iciency, fair-distribution, wealth-accumulation,
etc.), but it may be far more di�icult for values that are more abstract but important from a social
point of view (e.g. social justice, security, social recognition, honesty, etc.). Besides, although this ap-
proach is practical, it may be seen as oversimplifying for many stakeholders [1]. It is assumed that
rationally-bounded agents aremore likely to use unspecified non-formalised evaluation frameworks,
solving value conflicts by invoking some form of satisficing combinations [235] (and not some formal
utility function). Moreover, for the sake of simplicity, these works usually consider that all agents in
the society understand the values the same way, only di�ering the weights they give to the di�erent
values.

4These issues are condensed in the aphorism “all models are wrong, but some are useful”5.
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Thus, little research has been done to consider valueswith a socio-cognitive approach in agent-based
simulation, despite its potential to study social behaviour (see [110]) and structure social coordina-
tion decision-making (see [134]). Some recent works included values as drivers of behaviours so as
to consider economic, environmental and social factors [246, 106], emphasising the fact that working
with abstract values in computationalmodels requires unavoidably to translate them intooperational
terms (e.g. particular actions and indicators), which inevitably makes them subject to strong discus-
sion.

Apart from these constructs in social modelling, values have been covered in argumentation [267, 20,
28] andnormative systems [147] aswell. Some scholars have also explored values in ICT-basedpolicy-
making, but focusingon stakeholders-model interactionprocesses (e.g. trust in themodel, ownership
of the model, etc.) rather than an element in the computational model (see [24, 167]), which is more
related to how values steer the design and creation of technological artifacts (i.e. value-sensitive de-
sign [195, 196]).
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Chapter 3

Foundations

Although policy-making is a complex cycle that involves diverse stages (such as negotiation and en-
actment), this dissertation is focused on policy assessment. Policies intervene in a social system in
order to achieve a better state of a�airs (that is, producing a desirable e�ect in the system). The key
responsibility of policy-makers is to design the intervention in the social system: on the one hand, the
policy-maker defines what constitute those deemed better state of a�airs, hence declaring the policy
ends; on theother hand, choosing themeans that are likely to achieve the improvement of the state of
a�airs (which are usually a combination of actions that stakeholders are encouraged either to take or
to avoid, implemented with instruments like norms, incentives, or persuasive messages). Moreover,
policy-makers must consider that stakeholders in the social system act in accordance to their own
interest and hence they maymake the intended changemore or less successful.
To address complex collective problems, the social system is abstracted into a model, translating a
deemed problematic situation into a structured well-defined problem that allows to seek alternative
solutions methodically [115]. The construction of these models include both factual knowledge of
diverse areas (in particular, cause-e�ect relations in the system), but also ethical knowledge, which
means that notions of good, rightness, and relevance (i.e. values) are also reflected. This underlies
one main premise: that policy-making is a value-driven process.
These abstractions of the social systemcanbeused to generate computationalmodels for simulation,
that allow to assess the e�ects of di�erent policies ex ante. This reveals another main premise: that
agent-based simulation is an appropriate methodology to support policy-making (especially, policy
assessment and policy design). However, values must be conveniently considered when building the
policy models that will support these policy-making stages.
For this reason, it is convenient to develop a conceptual framework that presents the policy-problems
in a clear way, taking the role of values into account, and facilitating their computational approach.
To this end, the foundations and assumptions that narrow the problem and support the conceptual
framework (see Chapter 4) are exposed in detail here.1

3.1 Value-driven policy-making

Policy decisions have to deal with complex situations for which there is neither a simple nor a single
correct solution (i.e. “wicked problems”). As a consequence, policy solutions can only be judged by
the standards of better or worse (i.e. values), thus revealing a political nature [162].

1This chapter does not propose another scheme for policy assessment (which has beenmentionedmentioned, broadly,
in Chapter 2). Instead, much emphasis is placed on identifying the stages of the “(value-driven) cognitive process” through
which the problem that is to be addressed with a computer system is designed.
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For these reasons, policy decisions, like many other decisions, involve both factual and ethical ques-
tions, as Simon [237] pointed out (Fig. 3.1) (see also [185]):

(a) a scientific question, to know what will happen once an action is performed, (concerning beliefs
of objective facts about the system and its dynamics); and

(b) an ethical question, to elucidate whether the outcome is desirable or not, or merely to determine
what aspects deserve attention (concerning ethical standards or moral principles, to improve the
state of a�airs).

Figure 3.1: The two type of questions involved in a policy decision

Values are involved in creating the policy model that will support decision-making, which includes
notions of how the state of a�airs ought to be. Above all, values play a role in determining what is
relevant of the system, and therefore deserves attention and monitoring with respect to a particular
collective problem. Hence, both ethical and factual knowledge are present when defining the pol-
icy model (including relevant stakeholders, appropriate interventions, and the characteristics of the
domain).

With this inmind, values arepresent atmultiple levels concerningpolicydecisions (Assumption 1).
First, values are involved in defining the normative problem (that is, that current state of a�airs that
ought to be improved) and its possible solutions (i.e. those better state of a�airs to be achieved). Sec-
ond, values are present when assessing the desirability of a state of a�airs, but also a�ect the judge-
ments about how well an action or plan will produce that desired outcome in a given time horizon
(i.e. feasibility), since they guide the abstraction of the relevant part of the world and support beliefs
that “complete” the lack of scientific evidence (see [2]). Third, it is clear that themultiple stakeholders
involved in a collective problemmay hold di�erent values and interests, meaning that theymay have
particular understandings about how to deal with these problematic situations and how to judge the
outcomes, thereby guiding their behaviour and their political appeals.

3.1.1 Policy simulator systems as a socio-cognitive technical system

Socio-cognitive technical systems (SCTS) are social coordination systems [12] that articulate on-line
interactions of autonomous agents that are socially rational [174]. They are composed of two first-
class entities: a social spacewhere all interactions take place, and the agents that interact within that
environment. The agents are autonomous entities who have a socio-cognitive model (that is, they
base their actions on an internal decision-making model that takes social aspects into account). The
social space is an environment with fixed ontology, restricted to the domain of interest, that at any
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given time it is in a state (i.e. all its variables are instantiated), which can change only as a result of an
action or event that complies with the regulations of the system ant that is shared by all agents.
These theoretical ideas are useful to approach policy models for simulator systems. In particular,
agent-based policy simulator systems can be implemented as socio-cognitive technical systems
(Assumption 2) because:
(i) the improvement of the state of the social space is the end of policy-making;
(ii) the social space can be regulated in order to achieve that improvement of its state;
(iii) autonomous (and heterogeneous) agents act within the social space and change its state, who

are subject to regulations and other instruments (which may a�ect their behaviour);
(iv) agents have their own goals and their socio-cognitive models (that include motivations, values,

beliefs, etc.);
(v) there may be events that can also change the state of the social space;
(vi) the system is situated in a particular domain (e.g. water, energy, agriculture, etc.), and has a de-

veloper who designs it and an owner who uses it.
That said, it is useful to decompose SCTS in three views (known as the “WIT trinity”), according to
Noriega et al. [174]:
(a) the fragment of the world that is relevant for the system “W”;
(b) the institutional representation of the conventions and regulations that define the system “I”;

and
(c) the implementation of this institutional world that creates the on-line version of the relevant

world “T”.
In thecaseofpolicy simulators, these threeviewscorrespond to (a) the simulatedworld, (b) the formal
model of the world and (c) the computational implementation of this formal model (see Sec. 3.1.2).
Accordingly, these views are interrelated in such a way that an attempted action in the simulation
modifies the stateof theworld “W” if andonly if thatactioncomplieswith theconventionsestablished
in the formal model “I” and can be processed in “T” (i.e. the conventions are properly coded in the
so�ware model).
In practice, the institutional specification “I” is achieved by instantiating a “meta-model”, that in-
cludes ad-hoc constructs and data structures to represent key distinctive features for a certain pur-
pose. In this dissertation, the conceptual framework supports the building of policy simulator sys-
tems, which are therefore approached as a sub-class of SCTS —henceforth coined as value-driven
policy simulator systems (VDPSS).

3.1.2 Building policy simulator systems: abstraction processes

Abstraction processes transform a messy problematic situation into a structured well-defined prob-
lem that allows to design policies to tackle it [115]. Abstractionprocesses to build policymodels create
an “artificial world” that serve to support decision-making (especially noticeable in agent-based sim-
ulation for policy-making).
These abstraction processes can be illustrated with a simple example. Take, for instance, a urban
dweller. As a real person, this citizen is a complex human being “AC”. Nonetheless, considering do-
mestic water use as policy domain, this agent can be reduced to those relevant aspects in the realm
of water domain, becoming a simplified water user “AW”. This agent is then modelled: its relevant
behaviour is synthesised in some actions (e.g. use water, adopt conservation practices, etc.) and at-
tributes (e.g. environmental values, income, etc.), constituting a citizen-model “AI”. Now, this model
is implemented in a simulation platform (i.e. as computer or so�ware agent) to explore some phe-
nomena. Theoretically, the simulated behaviour of the agent “A

ĂW” is similar to that one of the real
agent in the domain “AW”.
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Thus,designingpolicy simulator systems involvesmultiple abstractionprocesses (Assumption 3)
(Fig. 3.2)2:
(1) First, the “complete” reality “WC” is reduced to that part of the world that is relevant for the policy

issue: “WW”. This process defines the policy domain: the purpose of intervening, the stakeholders
involved and their behaviour, the dynamics of the system, etc.

(2) Second, the relevant world “WW” is translated into a model of the world “WI”. Thus, this process
aims to simplify “WW” in order to provide explanations and inferences (See [73]).

(3) Third, this model “WI” will be implemented in a simulation platform (e.g. NetLogo, Repast), and
hence expressed in a particular programming language: “WT”.

(4) Eventually, the implementedmodel “WT” is run to generate a simulatedworld “WĂW” that emulates
“WW”.

WC WW WI WT W
ĂW

Real world
Relevant fragment
of the world Formal model

Implemented
model

Simulation of
the world

Figure 3.2: Abstraction processes involved in building a model for policy simulator systems

3.1.3 Value-driven policy models

These abstraction processes are not trivial. Complex decision situations (as are policy decisions) are
usually addressed by narrowing the mental representation and considering only a limited set of ob-
jectives, leaving out other relevant aspects [34]. Indeed, conceptions of what is desirable are usually
constrained by what is thought to be possible [250]. Elements that do not exist in the model cannot
be a�ected by any intervention, but this does notmean that they will not be altered in the real world.
Consequently, in policy-making, amorality (i.e. absence of values and their meaning in the domain)
may lead to policies with detrimental social outcomes; not because there are objective rightful value
judgements, but rather because such absence of valuesmay leave essential aspects out of the judge-
ment —consciously or unconsciously.
For instance, de Wildt et al. [269] explored how the energy transition involves multiple value con-
flicts (e.g. equity vs. e�iciency), and pointed out that unsatisfied expectations concerning values may
eventually lead to social acceptance issues, whichmay jeopardise the transition. For that reason, not
having those sensitivities, may hide these value conflicts, resulting in counterproductive policies (see
also [44, 105]).
For this reason, it is necessary to develop guidelines to make decision-makers and modellers to be
aware of these issues, as theymay unconsciously project (only) their own values onto themodel. The
intuition here is that considering multiple values in modelling can lead to expand the relevant world,
producing a cascade e�ect (because “policy problems” are defined by taking values into account).
Thisvalue-drivenapproachcanbenefit agent-basedmodelling forpolicy-making (Assumption4):
ethically, becausevaluesare taken intoaccountand imbued in themodel; andscientifically, because it
may foster a further exploration of the e�ects of policies in the form of research questions. Amethod-
ological proposal to address this aspect is further explored in Chapter 8.

2Notice that thisprocessdoesnot conflictwith theonepresented inSec. 2.2.2,whichpresents themain stagesofpolicies’
impact assessment. The present process simply details those abstraction processes involved in designing the problem to
be solved with a computer system and agent-based simulation.
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3.1.4 Policy paradigms

Interestingly, the abstraction of the world may be restricted by policy paradigms. Paradigms are con-
stituted by dominant worldviews and consolidated values, that are seen as self-justified common
sense [49, 181]. Furthermore, they may establish particular measures of success and failure in pol-
icy domains. As a consequence, paradigms influence how collective problems are defined and ap-
proached, thus shaping policy models.

Since paradigms shape the beliefs of stakeholders about the policy world, those visions are largely
shared. Thus,paradigmsare reflected in thebeliefs of agents in thepolicydomain (Assumption5).
In practical terms, a paradigm frames the policy problem by establishing a limited set of values
that are to be considered in the policy domain (and their understanding) and the set of “reason-
able” options to consider (Assumption 6).

3.1.5 Modelling policy proposals as policy-schemas

The cause-e�ect schema is highly present in human cognition [156], and it is the common basis to
make sense of the world. Then, the clearest way to model policy proposals is to distinguish between
twomain components: (a) policy ends (i.e. intended e�ect), which are those objectives that aremeant
to be achieved with the intervention (thus, better states of a�airs); and (b) policy means (i.e. potential
cause), that are those mechanisms that will change the state of a�airs. In fact, a main part of models
consists of defining the causal mechanism of the domain (that will be simulated to explore the actual
e�ects of a policy enactment).

Typically, policies aim at producing a behavioural change at a social level [247]. Hence, policy means
aim to produce a change on the relevant world in order to drive the system towards a deemed desir-
able state of a�airs. In practice, they are implemented with diverse instruments (e.g. financial, eco-
nomic, regulatory, informational, etc.); however, these interventions must consider that the agents
of the system, for whom the policy proposal is designed, are not passive entities, but seek to further
their own interests [236]. In the same vein, the assessment of the degree of achievement of those
policy ends relies, in practice, on indexes and indicators —either quantitative or qualitative— [112],
computable from variables of the relevantworld. In essence, values take two relevant implications
when talking about public policies: (a) values asmotivators of behaviour; and (b) values as social
standards (Assumption 7).3

With this inmind, apolicy-schema is theway thepolicy proposal ismeant tobe implemented, and
is composed of twomain constructs (Assumption 8):

(a) Policymeans, that aim toproducea social behavioural change inorder todrive the systemtowards
a desirable state of a�airs, and are implemented with instruments that guide the social activity
towards the policy ends.

(b) Policyends, thatdefinedesirable stateofa�airs intended tobeachieved, andareexpressed through
indicators, which are computed from variables that are observable in the relevant world, and
whose actual assessment inform whether policy objectives are achieved or not.

For example, an end in urban water policies may be to guarantee a (quantitatively) safe supply of wa-
ter, whichmay be represented by a combination of indicators, such as the availablewater (e.g. days of
supply for an average person). Themeans of a policy with that endmay be controlling water demand

3Sekera [230] recognises the criticism of the “measurement mania”, but points out that this is indeed a need in public
economy for performance measurement. According to this author, the reasons for constructing a meaningful method for
measurement are fourfold: (1) to determine whether an intended state has been achieved; (2) to improve results; (3) to
inform decision-makers (whomake ongoing decisions about authorisation and funding); and (4) to inform the public.
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of users, which can be implemented through instruments as higher water fees for large consumers to
discourage abnormally high water use.

It is important to have these four elements in mind (i.e. ends, indicators, means, and instruments).
Taking indicators but not endsmay lead to consider, mistakenly, that such indicators are actual policy
goals by themselves (e.g. Gross Domestic Product instead of economic development to improve so-
cial well-being). Likewise, to have instruments without meansmay hide the main reasoning behind
the application of those instruments. Finally, having ends but not indicators, ormeanswithout instru-
ments, may lead to “too ideal” policies that lose specific implementation issues on the field.

3.1.6 Value-driven assessment

In practical terms, values serve as standards to assess policies and states of a�airs. However, values
may take di�erent meanings depending on the context and domain of interest.

A state of a�airs is characterised by the properties that hold that state of a�airs (i.e. variables, facts,
etc.). These properties are assessed with respect to the values hold dear, to discern whether a state is
“good” or not. Furthermore, assessing multiple states (real or hypothetical) allows to generate pref-
erences over the state of the world.

For policies, it is convenient to distinguish between e�ective policies and good policies [192]. E�ective
policies are those policies whose outcome is consistent with the policy declarations, in an objective
sense. In contrast, good policies are those whose outcome improves the state of a�airs from a subjec-
tive point of view (thus, according to one’s own values). For instance, a policy may be e�ective from a
policy-makes’ point of view, but not good for all stakeholders. In this connection, a societal challenge
consists of negotiating and agreeing on those consensual social values, in order to develop a system
to evaluate whether a policy is socially good.

Besides, a policy is acceptable when the stakeholders agree that the outcome is su�iciently similar
to the outcome of themost favourable alternative intervention (including non-acting) and, therefore,
they are not likely to act to produce any policy shi� [44].

Hence, a policy canbe assessedwith regarddi�erent standards (e.g. e�ectiveness, desirability, accept-
ability). Interestingly, standards for policy assessment involve values (Assumption 9). For instance,
e�ectiveness depends on the definition of the “policy problem” (thus, policy-makers’ values), while
acceptability depends on the values of the stakeholders of the system.

That said, one should notice that takingmultiple values into account does not solve ethical dilemmas
in policy decisions, basically because these cannot be solved scientifically: there will never be an ob-
jective way to establish a correct system tomake value judgements. This can only bemade politically
and on the basis of social consensus of what are considered to be social values. With this inmind, the
idea is that policy simulator systems should be broad and transparent enough so as to present value
conflicts clearly in order to allow diverse users to be widely informed. In fact, it has been reported
that decision-makers, despite holding values and knowledge relevant for particular decision situa-
tions, may be unable to generate a comprehensive list of value-based objectives, presenting better
performances when external was involved assistance [34, 133] —which reinforces the need to include
values in simulator systems for policy-making.

3.2 Working with values in policy simulator systems

To further work on a conceptual framework that considers values as a primary entity of policy simu-
lator systems, it is necessary to make explicit assumptions:
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3.2.1 Cognitive view of values

Values are cognitive constructs that are involved in the rational behaviour of an agent and serve
as standards, refer todesirablegoals and transcendspecific actions (Assumption 10). Inparticular,
values guide perception, evaluation, and decision-making in any situation:

— Perception: “What is relevant and deserve attention?”
— Evaluation: “Is the state of a�airs good enough? If not, should anything be done to address the

situation?”
— Decision-making: “What are the options? What is the action to be done?”

Values are present when reasoning within an environment:

— In a local environment, individuals can perceive their situation directly, and therefore make
choiceswhose consequences aremore easily traceable and computable for them. For instance,
they include micro-economic decisions (e.g. what is the cost, the impact on the budget, the
utility of the good or service, how it will a�ect the family well-being, etc.).

— In a global environment, reasoning involves socio-political beliefs, but the context is not directly
or easily perceivable for all the agents (because the environment involved is more complex).
Hence, individuals make choices whose e�ects on the social outcome and on their own well-
being may be unclear.

In both spheres, agents are rationally bounded, making use of several cognitive heuristics and being
a�ected by multiple biases [74, 130, 3]: for instance, values are present in agents’ political behaviour
because they are involved in determining ideological worldviews and trust in political actors.

The key aspect is that values play two main roles: (i) as individual standards that motivate the
conduct of the agents locally; and (ii) as social standards that concern the society of agents as a
whole (Assumption 7). An agent can hold both types of values, but the subject, scale, and situation of
activation di�er:

(i) Motivational values refer to those values towards satisfying personal needs and self-esteem. For
instance, achievement, power,wealth, or stimulation.

(ii) Social values concern the public interest, needs, andwell-being of the society at large (i.e. supra-
individual entities). These values can be projected onto a policy-schema, and are the basis for
policy assessments. For instance, equity, privacy, innovation, or community’s wealth.

As mentioned before, there is no consensual taxonomy of values, since multiple value items can be
considered depending on the focus. Hence, there is no commitment with any particular theory. That
said,motivational value items can be drawn from the Schwartz Theory of Basic Values [221], which is
the theory most supported on empirical evidence. In contrast, social value items are more disputed,
due to their (social) normative load. In Chapter 2 di�erent theories have beenmentioned andmay be
useful for this matter (e.g. Witesman and Walters’ Public Service Values [270]).

3.2.2 Consequentialist view of values

Values have to bemade observable in a state of a�airs in order to conduct policy assessments. In this
spirit, a consequentialist view of values is adopted: the focus of value-driven decisions is on their
consequences in the (simulated) social system (Assumption 11). In other words, it is not the value
itself what is under discussion —which involves philosophical stances—, but rather how to interpret
it with the outcomes of an action.

Since values are abstract in nature, they need to be translated into operational representations in
accordance with the policy domain, the social context, and their social understanding. Values cannot
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be measured directly —or at least, there is not a known, consensual method to do that. However, for
analytical purposes, one can say that some elements of the state of a�airs do reflect the value, which
can be measured and assessed. Consequently, the e�ects of an action or policy on those elements
that reflect the value can also be measured.

Hence, values can be projected onto indexes or indicators that stand for those values (Assump-
tion 12), allowing tomake value judgements by assessing these elements. Themain advantage is that
values (whosemeaning is quite elusive) are not discussed in abstract terms, but rather in specificmea-
surable consequences. This assumptionentails that only some relevant aspects of theworld are taken
into account, namely those that are captured by the indicators or indexes, making the choice of indi-
cators an important issue (see Sec. 3.1.2). In Chapter 8 this instantiation process is further illustrated.

According to this view, an action “a” may promote a value “α” and demote a value “β” depending
on their consequences on the corresponding indicators (within a particular domain and particular
context). An action “a” is aligned with a value “α” if the outcome improves the state of the world with
respect to the understanding of value “α”. Likewise, one state of the world “σ” is better than another
state “τ” with respect to a value “α” when it has a better valuation for those indicators that reflect the
value. In this way, one can conclude that an action is better than another with respect to a value by
comparing the e�ects each one would have in the state of the world.

Despite having limitations, the consequentialist view enables a practical analytical approach for com-
putational models. Notice that this view does not assume that the consequences of an action justify
the action, but rather it provides a tool to explore the link between how values are understood in a
particular context and the actions that are relevant to it. Although a consequential view fits into the
research nature of social simulation (since the aim is to discuss about simulated e�ects on themodel
variables), an analysis of the consequences through simulation does not eliminate the responsibility
of the actual decision-maker. Accordingly, there may be actions that should not be acceptable un-
der any circumstances, although their e�ects (informed by simulation) are “good”. In this connection,
models are abstractions, and hence they may be incomplete and biased.

Interestingly, adopting a consequentialist viewof values computationalmodels for policy assessment
leads to particular issues. One issue is that it is unreasonable to consider that all the consequences of
all possible actions can be taken into account. For this reason, consequentalism involves necessarily
the choice of a scope and scale of analysis when assessing alternative actions: namely, it requires to
decide to what extent the consequences are going to be considered (i.e. spatially, temporal, socially,
etc.). In fact, restricting the scope and scale of assessment is used to establish the horizon beyond
which agents are assumed to not have moral responsibility (see [15]). Another issue has to do with
having an inappropriate ontology, namely that indicators aremissing or wrong and thus the values is
not appropriately represented in the model.

3.2.3 Commensurable view of values

Another working assumption has to do with the way several values are simultaneously considered
when assessing something. Although one may argue that values are incommensurable (that is, they
cannot be measured on a common scale or compared in an objective sense) [116, 195], the fact that
individuals solve value conflicts in their everyday lives cannot be ignored.

Human beings are known to use unspecified and inconsistent aggregation models in their everyday
lives, besides being subject to framing e�ects and other cognitive biases. Hence, value conflicts may
be solved ad hoc by invoking the relative importance between values and some form of satisficing
combinations [235]. In this sense, individuals do not choose the best solution, but rather acceptable
solutions, by using simple heuristics.
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In extremely simple terms, this means that, even if there is a dilemma or value conflict, an individual
ends up making a decision. Hence, values are, at least, cognitively commensurable for any agent (be-
cause choices that involve multiple values are eventually made). Evaluation and aggregation mech-
anisms must serve an agent to discern whether a state of a�airs is better or worse than another one
with respect to multiple relevant values, and consequently, to discern whether an action or policy is
good or not.

This view is also true for policy decisions, which involve multiple conflicting values, leading to com-
plex choices to make. For example, an agent involved in a decision situation that presents a conflict
between safety and privacy will, eventually, make a choice —o�en called a ‘tragic choice’, because,
objectively, the gain in one value cannot cancel the loss in the other value [116].

In fact, in order to assess alternative options in a methodical way, it is not unusual to assume that
values are commensurable [195, 197]. For instance, the value of environmental sustainability may be
measuredandevaluated in adi�erentway that economicprofit is, but evaluationswith regard to these
two values can eventually be aggregated in order to compare di�erent policies. Methodologies like
Cost-Benefit Analysis (CBA) or Multi-criteria Assessment (MCA) are used to assess alternative policies
by enabling the evaluation and aggregation of multiple values [171]. Other sophisticated approaches
have been elaborated to reframe the MCA in order to increase their applicability. For instance, the
Social Multi-criteria Evaluation (SMCE) aims at considering the preferences of themultiple stakehold-
ers involved for assessing options [171]. Also, the Integrated Value Model for Sustainability Assess-
ment (MIVES), developed for evaluating alternatives in engineering taking environmental and social
concerns into account [198], establishes a systematic protocol to generate aggregationmodels based
on (a) value functions that score alternatives with respect to chosen value-representative indicators
(see [9]) and (b) value hierarchies elicited through the Analytic Hierarchy Process (see [213]).

In any case, when multiple values are involved in decision-situations, values can be made com-
mensurable (hence, they can be aggregated and compared) (Assumption 13). The system to do so
is referred to as “value assessment frameworks”. This does not imply necessarily that these systems
are simply functions that aggregatemultiple values and return a score that represents the overall util-
ity [1]. Rather, it means that agents are able to consider multiple values and solve value trade-o�s
in a particular situation, and eventually make a decision or perform an action. The evaluation and
aggregation mechanisms used in this systemmay be diverse in their sophistication.

Value assessment framework

In precise terms, a value assessment framework a�ords to evaluate objects and aggregate multiple
relevant values, allowing to make decisions and perform actions. In this view, a value assessment
framework is constituted, at least, by three fundamental components:

(i) the value system, that provides the values and their understandings (especially, the indicators
that stand for those values);

(ii) the evaluationmechanisms, that provide the actual procedure to assess an object with regard to
the relevant values and their indicators (e.g. value functions [9], satisficing thresholds, normali-
sation methods, etc.); and

(iii) the aggregation mechanisms, that enable to aggregate multiple valuations (e.g. weighted mean
of scores, hierarchies and combinations of satisficing thresholds, etc.).
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Chapter 4

Conceptual framework

The purpose of this chapter is to provide a conceptual framework to characterise the value-driven
policy simulator systems (VDPSS). It aims at supporting the creation and use of policy simulator sys-
tems.

The main assumption of this conceptual framework is that policy-making is a value-driven activity,
involving two complementary perspectives of values: first, those social values that concern the soci-
ety at large; and second, those values that motivate the stakeholders of the system. In simple terms,
policy-making involves coordinated collective activities whose centrepiece is that policy-makers de-
sign and enact a policy to govern the activity of some targeted stakeholders in order to reach a better
state of a�airs with respect to some values within some particular domain.

Theuse of policy simulator systems aims at providing support to improve or preserve particular states
of a�airs (and not only understand the dynamics of a societal system), which involves values and
ethical views of the users and designers. For this reason, it is convenient to develop a conceptual
framework that contextualises simulation for policy-making as a value-driven activity, and presents
concepts to support the building of models for policy simulation.

Naturally, policy-making in real life is muchmore complex than the representation in this conceptual
framework. Nonetheless, the framework provides the essential elements to build policy simulator
systems by establishing an objective frame of reference where “policy assessment problems”may be
worked out to produce insights that support real-world policy-making.

4.1 Outline of public policy models

In loose terms, a public policy is an intervention “Π” to improve a fragment of the real world “WD”,
deemed relevant for addressing a collective problem in a particular domain. The centrepiece of this
policy intervention consists of two elements: (i) the policy ends, that set the goals of the intervention,
whose degree of achievement will be used to assess the e�ectiveness of the policy; and (ii) the policy
means, that set the instruments to drive the societal system towards those ends. The causal mech-
anisms of the societal system will transform that “impact” produced by the intervention (i.e. policy
means) into “e�ects” (i.e. policy ends).

Preliminary versions of this chapter were presented in the First International Workshop on Socio-cognitive systems
(SCS18) (see [188]), the 14th Annual Conference of the European Social Simulation Association (SSC18) (see [187]) and the
18th Mexican International Conference on Artificial Intelligence (MICAI19) (see [186]).
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Since the societal system is complex, its dynamics are not always well-known or fully predictable,
and consequently the policy outcome may di�er from what has been intended. This is one of the
several reasons that justify the computational simulation of public policies: not to predict the actual
outcome in the real world, but to anticipate relevant information accurately [6]. Given this purpose, it
is necessary to abstract those causal mechanisms from the fragment of the real world “WD” in order
to simulate faithfully the societal system. In other words, the elements, laws, and dynamics of the
fragment of the real world “WD” are represented into amodel of this domain—hereina�er termed as
policy domain “D”.

4.1.1 Overview of the basic components

Amodel of a public policy includes, at least, twomore components besides the representation of the
real-world intervention (i.e. policy-schema “π”) and the representation of the domain (“D”). First,
public policies concern multiple stakeholders that act in the domain and are involved in the collec-
tive problem. In practical terms, di�erent stakeholders behave di�erently in a social space in order to
further their goals, because they hold di�erent values and interests, and hence have particular under-
standings about how to act and how to judge the outcomes in diverse situations.

Second, any public policy involves values, since the intervention aims at improving the state of a�airs
—that is, promoting certain states of the world over others. Values provide the reasons that justify
the intervention, because they define what is desirable in a “policy problem”. Furthermore, the other
stakeholders (aside from the policy-maker) that act in the domain also behave in accordance with
their values and interests. Therefore, and expressed in practical terms, values determine the stan-
dards that serve to assess the state of a�airs.

In sum, a public policy model contextualises interventions in a domain of interest by taking values,
stakeholders and causalmechanisms into consideration, thereby allowing to reason accurately about
the policies and their social e�ects. In more precise terms, a public policy model “M” consists of four
main components (WDef. 1):

(i) A policy domain “D”, which is the representation of the fragment of the real world that the policy
is intended to improve; namely, the elements, laws, and causal mechanisms that describe the
behaviour of the societal system.

(ii) A population of stakeholders “A”, socially interconnected, who participate and interact in the do-
main to further their interests according to their socio-cognitive decision-making models.

(iii) A value model “V”, that establish the relevant values in the domain, from a twofold perspective:
(i) those that serve to design the intervention and assess the social outcomes; and (ii) those that
are part of the socio-cognitive models of stakeholders.

(iv) A policy-schema “π”, which is the intervention itself; namely, the policy ends “πe” (i.e. what is to
be improved) and the policy means “πm” (i.e. how to achieve that improvement).

Working definition 1 Avalue-drivenpublicpolicymodel “M” isanabstractionofapolicydomain“D”,
a population of stakeholders “A”, a value model “V”, and a policy-schema “π” (Expr. 4.1).

M “ xD,A,V, πy (4.1)

4.1.2 Computational simulation of public policy models

Public policymodels canbe simulated in a computational system inorder toprovidepractical insights
and feedback to support policy-making. The simulated outcome of any intervention is unequivocal
andcoherentwithhowthemodelhasbeendefined (withoutentering theverificationandvalidationof
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themodel itself). Hence, the simulation of public policy models may be useful for reasoning onmore
complicated systems than those that are mentally tractable, contributing to avoid intuitive errors.

In this spirit, a formal public policy model “M” is implemented in a simulation platform “T” (e.g. Net-
Logo, Repast, MASON, etc.), which includes some specification conventions that serve for coding the
formalmodel into a computationalmodel (for instance, a programming language based on particular
commands and syntax rules).

For the sake of conducting simulation experiments, one should distinguish between control variables
(associated to independentvariables) andoutputvariables (associated todependentvariables). Thus,
the formal model “M” may have multiple input variables that are “open” and require to be instanti-
ated before the simulation, andmultiple output variables that require to be selected to configure the
simulation output.

It is useful to consider the following insights: first, it is important to distinguish between those input
variables that correspond to elements that are subject to be changed in the real world by means of
public policies, and those parameters involved in the causalmechanisms that underlie the systembe-
haviour. Second, theremay be output variables that are used as performance indicators to assess the
outcomeof the policy enactment, andothers that, despite not being part of the intervention itself, are
monitored for better examination of the system behaviour. In other words, only some input variables
and output variables are associated to the policy intervention (i.e. policy-schema π) (Fig. 4.1). For the
sake of example:

— The policy domain “D”may have unspecified parameters that regulate the causal mechanisms,
whichmay bemodelling constructs, variables that are empirically not well-known, or variables
that are not alterable by a policy intervention in the context of study (e.g. social influencemech-
anisms, event likelihood, etc.).

— The socio-cognitivemodels of the stakeholders “A”may rely onadjustableparameters that con-
trol their decision-making (e.g. risk aversion, etc.).

— Themechanisms used in the value model “V” may set some parameters that are open (e.g. tol-
erance thresholds, aggregation rules, etc.).

— The policy-schemamay adjust the exact value for an instruments (e.g. a subvention for technol-
ogy adoption is set to 5%) and chooses the indicators to assess its performance with respect to
a value to be imbued (e.g. adoption rate to assess ‘innovation’).

L: Entities
and causal
mechanisms

O:Output variables

I:
In
pu
tv
ar
ia
bl
es

π

M

Figure 4.1: A view of the public policy model. The formal model “M” may have some “open”
variables that have to be instantiated for the simulation. In particular, the policy-schema “π” sets the

instruments and the indicators of the intervention.
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The formal model “M” must be “closed” before its simulation: all the variables must be instantiated,
thus constituting an instantiated model “ pM”. Commonly, the model is instantiated through a user
interface. Then, the computational model is then executed (“Σ”) to generate a simulated world that
emulates the fragment of the real world “WD” (creating a simulated reality “ rWD” that is similar to the
real world “WD”) (Fig. 4.2). Interestingly, there is an interdependence between the real world and
the simulated world: first, “WD” shapes “ rWD”, because one is an image of the other; and second,
“ rWD” may a�ect “WD”, because it may lead to interventions in the real-world, hence transcending
the simulation.1 2

If utility u
is greater than
risk aversion r ,
then buy.

M TpMq Tp pMq ΣpTp pMqq rWD

input(r)

compute(u)

if (u>r){

buy

}

r:=0.5

compute(u)

if (u>r){

buy

}

run{

r:=0.5

compute(u)

if (u>r){

buy

}}

» buy

I buy
it!

Figure 4.2: Illustration of the generation of a simulated reality bymeans of the implementation and
simulation of a model

4.1.3 Simulation environment

The simulation environment “E” consists of the elements that anchor the simulation process into the
real-world. These elements may be physical (e.g. users, experts, simulator system, equipment, etc.),
but also epistemological (e.g. designof experiments) and contextual (e.g. stageof thepolicy cycle, use
of the simulation, etc.). The simulationenvironment “E” is alsoa socio-cognitive technical system, that
includes, among other elements, a simulator system “SIM”, the user, and the experimental setting “χ”
(Fig. 4.3).

The simulator system “SIM” is an artifact that can execute (an instantiation of) a computationalmodel
of public policy to generate a simulated reality “ rWD” (WDefs. 2 and 3). There is an interface between a
simulated reality—created by the simulator system—and the real world—that contains the simulator
system. The user of the simulator system observes the simulated reality through the interface.

1The simulated reality “ rWD” does not exist in factual terms. Nonetheless, this notionmay help to imagine that an “arti-
ficial reality” is created to emulate the real world. There is multiple cultural references that can be invoked to illustrate the
notion of simulated reality. For instance, in the world of cinema, one of the most iconic movies that shows such concept is
The Matrix. It depicts a dystopian future in which human beings are trapped inside a simulated reality, which they believe
to be the reality because they ignore that there is a “real world” outside the simulation. In the world of video-games, there
is plenty of examples —practically, any simulation game. One illustrative example is The Sims, a game where the player
creates virtual human beings called “sims”, who live in houses and need some help to satisfy their needs and desires. In fac-
tual terms, these sims are nothing but a so�ware program. However, from ametaphysical view, they live inside a simulated
reality, which they “think” is the real world.

2A model “M” may include random variables. In this case, “M” considers such variables as a random distribution. The
execution of the instantiated model “ pMj” leads to di�erent results due to the randomness. The exact value for a random
variable is the result of the implementation “T” (the algorithms for generating randomnumbers) and the execution “Σ” (the
exact number produced by the algorithm and a seed) of the random distribution. As a consequence, it is common to make
a statistical process of the simulation outputs of the samemodel “ pMj” (for instance, the average of an output frommultiple
runs —i.e. “sΣ”).
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WD M

perception abstraction

TpMq

SIM

implementation

I O

L

E

(a) Themodeller (in the simulation environment “E”) abstracts the relevant fragment of the real world “WD”
concerning a domain into a value-driven public policy model “M”, that is implemented “TpMq” to build a
simulator “SIM”. The simulator “SIM” presets input variables “I” and output variables “O”, which will be
specified later to conduct di�erent experiments. Di�erent preselections of input variables and output

variables correspond to di�erent implementations and, therefore, di�erent simulators.

Tp pMq

SIM
design

experiment

pI pO

L

χ

E

(b) The modeller programs an experimental setting “χ” using the simulator “SIM” (for instance, to test the
e�ect of di�erent values for an input variable on a particular output variable). This instantiates the input

variables “pI” and selects the output variables “pO”, thereby constituting an implementation of the
instantiatedmodel “Tp pMq”.

ΣpTp pMqq

SIM

examine
results

pI pO

L

rWD

E

(c) The modeller runs the implemented instantiatedmodel “ΣpTp pMqq” in the simulator “SIM” to examine
and analyse the results. The execution of one instantiation of themodel generates a simulated reality “ rWD”

—which emulates the behaviour of the fragment of the real world “WD” under given circumstances.

Figure 4.3: Illustration of the main processes involved in building and using a simulator system in
a simulation environment (leavingmodel verification andmodel validation out of the illustration).

Working definition 2 A simulator system “SIM” is an artifact, characterised by a platform “T”, that
can conduct simulations “Σ”, whose core is the implementation of a public policy model “TpMq”, and
hence is able to simulate di�erent instantiations of that public policy model “ΣpTp pMqq”.

Working definition 3 Given an instantiation of the implemented public policy model “Tp pMq”, a simu-
lation “Σ” is the execution of the implementation to generate a simulated reality “ rWD”, which is con-
ducted by a simulator system “SIM”.
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The knowledge from using a simulator is produced usually by analysing multiple simulated realities,
which correspond to di�erent instantiations of the model. This is established by the experimental
setting χ, that configures the experiments and protocols, the treatment and analysis of the simula-
tion outputs, and the visualisation and communication of the results (WDef. 4). This allows to study
policies with regard to standards that are di�icult to be explored in the real world, because the con-
ditions of the real system are never the same (for instance, statistical analysis of system sensitivity,
robustness, etc.).

Working definition 4 Anexperimental setting “χ” is the set of experiments, protocols, and techniques
that definehow the simulator systemSIM is going tobeused togenerate knowledgeabout the realworld
“WD” from analysing one or multiple simulated realities.

Considering that the simulator system “SIM” is used to support policy-making, the user is assumed
to hold the role of policy-maker of the simulated reality (regardless of whether it is an actual policy-
maker, a developer, or a consultant team). The user is able to enact interventions in the simulated
reality and draw conclusions to support policy decisions in the real world, based on the evaluation
of the simulated reality according to its own value system (see Sec. 4.4.1). Presumably, these values
are aligned with the responsibility of the role of policy-maker, and many may be present in assess-
ing the policy despite not having a direct representation in the simulated reality (e.g. transparency,
responsiveness, accountability, compliance, etc.) (see Chapter 6).3

4.2 Policy domain

Thepolicydomain refers to the representationof the fragmentof the realworld relevant for addressing
a collective problem in a specific domain.

The (formal) representation of the policy domain is the model that recognises entities, relationships,
events andactions that takeplace in thedomainof interest. In basic terms, it defines the causalmech-
anisms and laws that apply to the model of the societal system. Thus, this model (i.e. policy domain)
prescribes a specific ontology, which is the formal account of the entities considered to be involved
in some system, and the relationships between them [96]. For instance, in the domain of urbanwater
management, the ontologymay involve entities such aswater, households andwater fees, and the re-
lationships express that households are supplied with water, and that households pay proportionally
to the water fees and their actual water use.

Working definition 5 Thepolicydomain “D”establishes theentitiesand interactions thatare involved
in some policy domain, prescribing the laws and causal mechanisms “L” and defining the state of the
world “S”.

The ontology establishes the primitive entities that define the state of the world as well as the actions
andevents that canchange it. A stateof theworld “S” is an instantiationof thevariables that constitute
it; it is objective and unique at any moment in time and it is shared by all the participating agents
(WDef. 6).

3The modeller, the developer, and the user may not be the same agents (see [87]). Hence, the public policy model “M”
is compatible with the values of the user as long as the user is able to take these values can be reflected in the simulation
output (because indicators that reflect those values have been included in the model). For the sake of simplicity, in this
chapter is assumed that themodeller, the developer, and the user are the same agent, and therefore themodel is perfectly
compatible.
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Working definition 6 Given an ontology that involves a set of “r” variables tα1, . . . , αru which can
take values in the spaces td1, . . . , dru respectively, a state of the world “S” is an instance of the set of
variables tα̂1, . . . , α̂ru, being α̂j P dj . Accordingly, the set of possible states of the world is given by
tSu “

Śr
j“1 dj .

In a historical sense, there is a state of theworld for eachmoment in time (that is, the state of theworld
is a “snapshot” of the state of the system thatmay change each time step of the simulation) (Expr. 4.2).
Some policy assessments may rely only on the state of the world at a particular time (for instance, at
the end of a particular period of time), but others may consider the evolution.

α1 α2 . . . αr
»

—

—

—

–

fi

ffi

ffi

ffi

fl

t1 α̂1
pt1q α̂2

pt1q . . . α̂r
pt1q Ñ S1

t2 α̂1
pt2q α̂2

pt2q . . . α̂r
pt2q Ñ S2

...
...

...
. . .

...
...

tΩ α̂1
ptΩq α̂2

ptΩq . . . α̂r
ptΩq Ñ SΩ

(4.2)

Since thepolicy domain is a representation of a real-world system, itmaybedivided intomultiple sub-
domains (i.e. biophysical, economic, regulatory, technological, social, etc.), whichmay have di�erent
specification languages. This division may allow to further sophisticate the behavioural models of
agents with regard to the components of those sub-domains (for instance, an agent may obey the
legislation in all cases, but may question the social norms when these jeopardise its goals).4

4.3 Stakeholders

Stakeholders are agents —who may be individuals, groups of individuals, or organisations— who are
capable of performing some actions in the policy domain (WDef. 7). An stakeholder is characterised,
generally speaking, by its role(s) (which determines the a�ordances in the policy domain) and its
socio-cognitive model. The socio-cognitive model involves multiple constructs and factors (e.g. val-
ues, beliefs, personality, etc.) thatguide their cognitive functions (e.g. perception, evaluation, decision-
making). Besides, as stakeholders areassumed tobe social agents, theyare “interconnected” through
a social network (topology, interaction rules, etc.). For the sake of example, a household in the urban
water domain is able to use water, influence and be influenced by neighbours, and advocate for a
change of tari�s, amongmany other actions.5

Working definition 7 The population of stakeholders “A” is the set of interconnected agents that par-
ticipate in a policy domain. A stakeholder “Aj” is an agent capable of performing some actions to
change the state of the world, who holds a role(s), and who has a characteristic socio-cognitive model.

4Specification languages serve to talk about entities and relationships at the formal level (for example, a language that
refers to norms (e.g. modal logic), another that refers to actions, another to refer to rhetorical messages, etc.). When the
formal model is implemented in the simulation platform, these languages may bemixed up by the programming language
itself. For this reason, there is no guarantee that everything expressed in the formal model will be perfectly mapped on
the implementation (i.e. not everything formalised is expressible in terms of code so that all the concepts of the model are
faithfully implemented).

5Agents are entities that can perceive their environment and act in consequence according to some internal model of
rationality [212]. In more precise terms, agents are entities that are situated in some environment; are capable of some au-
tonomous action; can process and exchange information (thus, theymay have social abilities to interact with other agents);
are reactive to the environment changes andpro-active to engage a goal-directedbehaviour;mayhaveheterogeneousprop-
erties; and are interdependent with other agents and entities of the environment [273, 200].
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4.3.1 Stakeholders as artificial agents

The conceptual framework understands that policy-makers, who are authorised tomake decisions on
behalf of the society, design and institute public policies to regulate a social system in order to change
the behaviour of targeted stakeholders and achieve a better state of a�airs within some domain of
activity (Fig. 4.4). The values of policy-makers (at least, those social values for whose advocacy they
have been elected) are involved in the choice of policy means and policy ends.

Figure 4.4: Policy-making as a social coordination process. Policy-makers, who aim at improving the
state of the a�airs, institute means and ends in order to govern the activity of policy-targets, who are
those that are a�ected by the policy, and whose behavioural change is going to drive the system
towards that desirable state. Policy-makersmonitor the social outcome to re-design, maintain, or
terminate the policy. This process happens in a particular policy domain, that contains the relevant

part of the world (e.g. social, environmental, economic).

For the sake of simulation, users design and enact a policy-schema to govern the activity of policy-
targets (i.e. targeted stakeholders) in order to reach a desired state of the world. In this case, policy-
targets are artificial agents, (i.e. computer programs) that exhibit a rational behaviour within the pol-
icy domain. The focus of the simulation is the behaviour of policy-targets as a reaction of the enact-
ment of di�erent policies (Fig. 4.5).

With respect to policy simulator systems, two major roles are assumed: policy-makers, that use the
tool; and policy-targets, that are within the simulation. Within the simulation, the roles of agents in
the social system depend on the domain beingmodelled. For instance, in the case of the urbanwater
domain, the roles may include households, service businesses, and urban industries. These di�er-
ent roles are associated with di�erent a�ordances and attributes. Back to the previous example, a
householdmay have, among its attributes, the number of people in the household (which determines
its water use volume) and among its action repertoire: wash the laundry, do the dishes, and pay the
bills. In contrast, an industry have other attributes and other actions, which means a di�erent type
of participation in the system. Furthermore, among these roles, agentsmay behave di�erently if they
hold di�erent values.
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Figure 4.5: Simulation of a policy enactment. Policy means “πm” are enacted in a social system of
artificial policy-targets “APT”, who adapt their behaviour accordingly and change the state of the

world —presumably, towards a desired state of the world defined by the policy ends “πe”.

4.3.2 Basic a�ordances depending on the scales of concern

Two types of perception scales are distinguished for agents:6

(p.1) Micro-level perception, of those variables that concern the (observable) local environment of
the agent, thus being part of its decision-making process. For instance, taking a household as
an agent in the urban water domain, the variables of its local environment may include its own
income, its water needs or the water fees.

(p.2) Macro-level perception, of those variables that concern the social system as a whole. For in-
stance, the same household may not be able to observe variables like the total population of
the municipality, the average income of its neighbourhood, or the trends in the water use of
multiple households (but other agents may be aware).

With this in mind, two types of evaluation scales are di�erentiated:

(e.1) Micro-level evaluation, which would correspond to the assessment of the state of the local en-
vironment.

(e.2) Macro-level evaluation, which would correspond to the evaluation of the system at a social
level.

Generally speaking, policy-targets (e.g. individuals, companies or collectives) focus on its local envi-
ronment in order to operate, but they can also take insights of the system (for instance, whendeciding
over long-term actions by considering macro-economic trends). Nonetheless, if policy-targets are in-
dividual persons, they o�en have a limited perception of the system as a whole (see Chapter 5).

Notice the distinction between the actual state of the world and that one perceived of agents (i.e. be-
liefs). The ontology of the model defines what constitutes the state of the world objectively, which is
shared by all agents. However, the perception of agents is partial (not all the variables of the world-
state are relevant or observable); focused (restricted to the scale of interest, either micro or macro);
biased (completedwithother typesof knowledge, not necessarily factual); and subjective (agentsmay
project their values onto di�erent indicators to eventually assess the state of the environment).7

6See Chapter 5 of this distinction being used to model policy shi�s within simulations.
7An illustrative example of this can be viewed in the work of Sprong et al. [242]. They explored the empirical correlation
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4.4 Valuemodel

A valuemodel “V” establishes the relevant values (i.e. standards of assessment) and their understand-
ings in the public policy model from a threefold perspective: (i) those values that serve to assess the
e�ects of the intervention in the domain; (ii) those values that are part of the rationality of stakehold-
ers; and (iii) those values that serve to assess someadditional features of the intervention. In practical
terms, a value model is based on constructs called value assessment frameworks, that define the in-
terpretation and evaluation mechanisms of those held-values (Wdef. 8).

Working definition 8 The value model “V” is the set of all value assessment frameworks “V”: those
that serve toassess thee�ectsof thepolicy intervention in thedomain, those thatareheldby the involved
stakeholders, and those that serve to assess some aspects of the intervention.

4.4.1 Value assessment frameworks

A value assessment framework “V” defines the practical way the state of the world is assessed with
respect to some values that are deemed relevant. It constitutes an explicit expression of how values
are made operational, by translating values into factual terms and providing evaluation processes
(Wdef. 9).

Working definition 9 A value assessment framework “V” is a system that allows to assess states of
the world with regard to multiple values that are deemed relevant. It is an assemblage of a set of val-
ues “V ”, their pertinent set of factual indicators “iV ”, a set of a set of evaluation mechanisms “φV ”, and
a set of aggregation mechanisms “g” (Expr. 4.3):

V “ xV, iV , φV , gy (4.3)

Moreprecisely, for each (i) value “V ” in the valuemodel “V”, there are (ii) a set of factual indicators “iV ”
onto which the value is projected; and (iii) a set of evaluation mechanisms “φV ” for assessing its sta-
tus with respect to the values through these indicators. Eventually, (iv) a set of aggregation mech-
anisms “g” allows to aggregate multiple value assessments into one overall assessment (Expr. 4.4)
(Wdefs. 10, 11 and 12).

V1 Ñ iV1 Ñ φV1piV1q

V2 Ñ iV2 Ñ φV2piV2q
...

...
...

Vn Ñ iVn Ñ φVnpiVnq

G

gpφV1 , . . . , φVnq (4.4)

Working definition 10 Let a state of the world “S” be defined by the variables tα1, . . . , αru. A fac-
tual indicator “iVk” is a combination of a subset of variables tαi, . . . , αjuwhose purpose is to reflect a
value “Vk”.

Working definition 11 Anevaluationmechanism “φj” is a relation that enables tomap the instanceof
a factual indicator onto a scoring scale (i.e. valuation), thus allowing to compare and elicit preferences
between two di�erent instances.

of the economic inequality of the system, measured with the Gini coe�icient (i.e. a factual indicator to reflect equity on the
world-state), and the individuals’ subjectively perceived economic inequality (i.e. the individuals’ beliefs about equity).
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Working definition 12 Anaggregationmechanism “gj” is a relation that enables tomapmultiple val-
uations with regard to di�erent values into onto an scoring scale (i.e. overall valuation), thus allowing
to compare and elicit preferences between two di�erent states of the world (with respect to multiple
values).

Example of evaluationmechanism: value functions

Value functions are an example of evaluation mechanism that can be used to assess the state of the
world (see [9, 198]).8 In this case, the domain of these functions would be the factual indicators that
reflect a particular value in that policy domain (i.e. observable variables). Their image ranges from
0 (i.e. lowest valuation score) to 1 (i.e. highest valuation score), which represents the score of those
indicators with regard to a particular value. For instance, to assess the state of the world with regard
to environmental protection, one may use the average households’ water use (measured in litres per
person per day) as factual indicator, and a value function that gives the highest valuation score to a
water use below or equal to 100 L/p·d, and the lowest valuation score to a water use greater or equal
to 300 L/p·d (Fig. 4.6). The scorings with respect to multiple values could be then aggregated using,
for instance, a weighted arithmetic mean (i.e. aggregation mechanism).

Figure 4.6: Example of value function as evaluation mechanism for assessing the state of the world
with respect to the environmental protection

4.4.2 Types of value assessment frameworks

Values and simulated reality

Valuesmust be able to be reflected in the simulated reality for two reasons. First, artificial agentsmay
base their decision-making models on value-based reasoning (thus they must be a�orded to recog-
nise values and indicators). Second, the user of the simulator will assess the simulated reality.
Values in the simulated reality are projected onto variables in the policy domain. In other words, val-
ues have a specific meaning that depends on the way the policy domain has been modelled. The
assessment with respect to a particular value is only possible when themodel includes variables that
correspond to those values. For the sake of example, a policy cannot be assessed with regard to en-
vironment protection if there are no variables that can reflect those characteristic expectations of the
value (e.g. concentration of pollutants, emissions of GHG, etc.). Chapter 8 provides a detailed illustra-
tion of how abstract values can be brought into computational models for policy-making.

8See [9] for further details about how to build value functions.
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Values of the stakeholders

Each stakeholder has its own value assessment framework that serves to resolve trade-o�s in situa-
tions where several values are simultaneously involved. In precise terms, an stakeholder “A” has its
own value assessment framework “VA” that uses to evaluate the worthiness of objects (e.g. state of
a�airs, policies, etc.) with respect to its held values, and thus provide feedback to its decision-making
model. This system represents the value profile of stakeholders.

Assessment of policies

Assuming that the simulator is being used by a policy-maker, policies may be assessed with regard
to e�ectiveness, acceptability, and (its own understanding of) desirability. These can be viewed as
meta-values because their actual definition depends on how the domain values in the simulated real-
ity are defined. The result of the trade-o� between thesemeta-values determines whether to further
the intervention (leaving model validation and epistemological issues out when discussing the pol-
icy intervention in the real-world). The assessment with regard to thesemeta-values corresponds to
di�erent value assessment frameworks:
— E�ectiveness. Policies are e�ective when its actual outcome is consistent with its intended
outcome. Considering that a policy-schema “π” declares its intended outcome in its policy-
ends “πe”, this component determines a value assessment framework “Vπ” by which it is possi-
ble to assess the policy with regard of e�ectiveness.
Let “SπΩ” be the resulting state of the world a�er the enactment of a policy-schema “π”. One can
say that a policy is e�ective i� the valuation of the resulting state “VπpSπΩq” is better than the
valuation of the intended state “Vπpπeq” (Expr. 4.5):

VπpSπΩq ě Vπpπeq ` γtolerance, e�ectiveness (4.5)

— Desirability. Policies are desirable with regard to the values of a stakeholder (policy-maker or
policy-targets). These values incorporate characteristic expectations (social or individual) to be
satisfied in the state of the world. Assuming that a stakeholder “Aq” has its own value assess-
ment framework “VAq”, it is possible to assess a policy with respect of desirability by evaluating
its outcomes. In particular, the policy-maker that uses the simulator system “SIM” will assess
the policy e�ects according to its own value assessment framework “VPM”.
Let “SπΩ” be the resulting state of theworld a�er the enactment of a policy-schema “π” and “S

˚
Ω”

a state of the world deemed desirable. One can say that a policy is desirable for a stakeholder i�
it leads to a state of the world whose valuation is su�iciently similar to the valuation of that one
considered desirable (Expr. 4.6):

VApS
π
Ωq ě VApS

˚
Ωq ` γtolerance, desirability (4.6)

— Acceptability. Policies areacceptablewhen stakeholders agree that the policy outcome is su�i-
ciently similar to the outcomeof themost known favourable alternative intervention (including
non-acting) and, therefore, they are not likely to act to produce any policy shi�. Assuming that
each stakeholder “Aj” has its own valueassessment framework “VAj

”, an additional framework
canbedefined toassess thepolicywith regard toacceptability (“Vh”), taking the involved stake-
holders’ judgements into account “tVA1 , . . . ,VAmu”.
Let “SπΩ” be the resulting state of the world a�er the enactment of a policy-schema “π”. One can
say that a policy is acceptable i� it leads to a state of the world that stakeholders will not try to
change (Expr. 4.7):

VhptVA1pS
π
Ωq, . . . ,VAmpS

π
Ωquq ě γtolerance, acceptability (4.7)
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4.5 Policy-schema

A policy-schema is the core of the intervention to improve the state of a�airs. It establishes the policy
ends (i.e. what is to be improved) and the policy means (i.e. how is that improvement going to be
produced). In more practical terms, a policy-schema is composed of twomain constructs (Fig. 4.7):

(i) Policy ends, that define those desirable states of theworld, and are expressed through indicators.
(ii) Policy means, that aim at driving the system towards deemed-desirable states of the world, and

are implemented with instruments that a�ect the social activity.

Notice that, as the policy domain is framed within a particular time and spatial context, the policy-
schema has to fit in these scales (i.e. the time the desirable state is due at and the extension that is
concerned with the improvement).

POLICY VALUES

Ends: define desirable world-states
intended to be achieved.

Indicators: operational implementation
of ends (e.g. scoring functions of

observable variables).

Means: aim to produce a behavioural
change on target groups.

Instruments: operational
implementation of
means (e.g. norms).

Figure 4.7: Composition of a policy-schema. The policy ends define the desirable state of the world
intended to be achieved with the intervention, relying on indicators to do so. The policy means aim
at driving the system towards that desirable state, by implementing instruments in the social space

to alter the social activity.

Working definition 13 A policy-schema “π” is a combination of (i) policy means “πm”, that are the
ways to improve the state of the world, made e�ective through the enactment of a set of instruments;
and (ii) policy ends “πe”, that are the definition of those desired states of theworld, described by a set of
indicators that allow to measure the performance of the policy (Expr. 4.8).

π “ xπm , πey (4.8)

As mentioned before, indicators are variables (or combination of variables) of the state of the world
that are said to reflect a particular value (see Wdef. 10). Instruments are changes in the institutional
framework to change the social coordination system in order to produce a desirable social outcome.
Intuitively, multiple instruments may be available for this: financial instruments (e.g. grants, subsi-
dies, loans, insurances, etc.); economic instruments (e.g. prices, taxes, tributes, etc.); regulatory in-
struments (e.g. laws that a�ord or forbid certain actions, guidelines, etc.); informational and persuad-
ing instruments (e.g.messages, campaigns, advertisement, etc.); social instruments (e.g. networking,
distributionchannels, social platforms, etc.); and resource/service supply instruments (e.g. infrastruc-
ture, technologies, etc.), among others.
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4.6 Policy simulator systems to support policy-making

The simulation environment is assumed to include a policy-maker who is informed by the use of the
policy simulator system inorder to support policydecisions in the real-world. Using the same termsas
in thebeginningof this chapter, thepolicy-makerwill designapublic policy “Π” to improvea fragment
of the realworld “WD” and, to do so, relies on the abstraction of this fragment of the real world “M”—
which includes thepolicy-schema “π” (i.e. representationof thepolicy)—and its simulation (Table4.1).

Table 4.1: Abstractions in policy simulator systems to support policy-making

Reality Formal abstraction Simulation

World WD M
ΣpTp pMqq Ñ rWD

Policy Π π

Interestingly, values are reflected by testing an instrument and can be used implicitly by using general
heuristics when assessing their raw outcome (see Chapter 9 as example). In this case, it is clear that
some resulting states of theworld are preferred over someothers, although a value assessment frame-
work has not been explicitly formalised and implemented to process the outcome of the simulation.

Alternatively, policy simulator systems may include an additional layer to deliver a processed simu-
lation output. This means that the simulation output is evaluated by using an implementation of the
value assessment framework in the simulation platform, thus delivering the overall “social value” of
the resulting states (for instance, the framework of the policy-maker, which may include the meta-
values from Sec. 4.4.2). This can be used to further define “policy problems”, which, using the notion
ofdesignproblems fromSimon [236], would be constitutedbymeans (i.e. commandvariables, thus in-
struments), ends (i.e. utility function and constrains, thus the implementation of the value assessment
framework), and laws (i.e.parameters anddynamics, thus the implementation of thepolicymodel and
stakeholders).

4.7 Paradigms when designing policy simulator systems

A paradigm is a consolidated socio-cultural understanding that frames collective problems in the real
world. In practice, a paradigm shapes the public policy model by:

(i) Establishing a definition of what constitute problems and pertinent representations of the policy
domain (e.g. what are relevant facts, events, causal mechanisms, etc.).

(ii) Imposing values and their understandings, aswell as those legitimatepolicy ends and associated
indicatorswhen instituting a policy-schema.

(iii) Excludingmeans and instrumentswhen instituting a policy-schema.
(iv) Recognising individuals or groups as legitimate stakeholders.

54



Chapter 5

Modelling policy shi�s

There are additional features for policy simulator systems that can be useful for policy assessment. In
particular, policy-makersmaywant to explore the social acceptanceof stakeholders knowing that low
levels of such can lead to ine�ective interventions or policy shi�s. This topic hasbeen identified as key
for public policies, as social acceptance issues may jeopardise the achievement of those established
goals. Even worse, it may happen that those shi�s triggered by the enactment of the policy lead to
worse scenarios. To include this feature, the framework has to include additional a�ordances for the
agents in the system. For instance, agents must be able to perceive emergent collective phenomena
and react by promoting a political response.

Given this purpose, a proposal for modelling policy shi�s in agent-based models is presented in this
chapter. This proposal is the basis to model the case study presented in Chapter 10).

5.1 Social acceptance and policy shi�s

It has been acknowledged that a key aspect of public policy design is to take social acceptance of
stakeholders into account, as it may lead to policy shi�s that influence the e�ectiveness of policies
(see [269], for instance). As Botterill and Fenna [37] point out, “the legitimacy of the decision-making
process rests in large part on citizens’ acceptance of its outcomes, even in caseswhere they disagree”.

Thus, an a�ordance useful for policy simulator systems is the capacity to test social acceptance. Al-
though causality of social acceptance issues is clearly complex, it is convenient to explore the actual
nature of public opinion and citizens’ political rationality in order to design interventions to promote
social values (see [152]).

Paraphrasing Brunson [44], social acceptability results from a judgemental process by which individ-
uals (1) compare the perceived reality with its known alternatives; and (2) decide whether that reality
is superior, or su�iciently similar, to the most favourable alternative condition. If the existing condi-
tion is not judged to be su�icient, the individual will initiate behaviour that is believed likely to shi�
the state of a�airs toward a more favourable alternative. Shindler et al. [233] identified four reasons
to consider social acceptability in management: (i) first, the recognition that management decisions
are not only based on technical knowledge, but also values; (ii) second, taking public judgements into
account reflects a cooperative attitude; (iii) third, the absence of social acceptance makes di�icult to

Apreliminaryversionof this chapterwaspresented in the20th InternationalWorkshoponMulti-Agent-BasedSimulation
(MABS19) (see [190]).
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Chapter 5. Modelling policy shi�s

implement anydecision; and (iv) fourth,monitoring social acceptancemayhelp to steermanagement
decisions, since public judgements are subject to change.

With all this inmind, it is also important to understand the information that is available for individuals
to assess the state of a�airs. Noteworthy, in the information age, attention economics has emerged
as an approach to the management of information that considers human attention to be a scarce
resource. Indeed, people focuson their daily life (i.e. job, family, health, household’s economy, leisure,
etc.) and therefore may have little time to invest in politics and public a�airs. Furthermore, citizens
may do not have other relevant resources (e.g. technical, etc.) to process, reason, and store political
information of multiple policy domains [3].

This a�ects howcitizens act depending onwhether their decision concerns themselves (i.e. individual
well-being) or the whole society (i.e. political a�airs and social welfare) [74, 3] (see Sec. 3.2.1). Accord-
ingly, citizens are less competent when reasoning about how their decisions a�ect a complex societal
system [3]. As a consequence, people do not engage in well-informed, thoughtful political delibera-
tion. Rather, their political behaviour is generally guided by biases and heuristics (see [152]), such as
group loyalties and confirmation biases [3].

Furthermore, it has been explored how citizens derive meaningful policy preferences and attitudes
using values, as these are involved in political evaluations [83, 94, 227], moral intuition about social
a�airs [224] and also in group-identity formation [109, 152]. Accordingly, social acceptance has been
related to values (see [105]). In this spirit, De Wildt et al. [269] studied social acceptance of energy
policies focusing on unsatisfied expectations concerning values, indicating that these could result in
issues that could hinder the achievement of policy goals.

5.2 Policy influencers

Another point to consider is who perceives, evaluates, and transfers to citizens the information con-
cerning the whole societal system, making them to take political actions. When competence and ex-
pertise are limited, emotions andheuristics play a greater role in reasoningprocesses, and individuals
are more exposed to external messages and persuading mechanisms [74].

It is not commonthat citizensmakepolitical evaluations inparticularpolicydomainsdirectly fromraw
macro-data, that is, at best, open, trustworthy, and accessible (for instance, from national statistics).
In general, most citizens do not have enough resources and skills to process and reason about data
that concern multiple policy domains at social scale.

Rather, this information is o�en provided by trustworthy stakeholders. Many of these stakeholders
have access to data at a social level and resources to analyse it, whichmakes themcapable of perceiv-
ing and reacting emergent social phenomena like demographic changes or economic trends. They
provide citizens with information through rhetoric discourses that frame issues and relevant data to
shape theirworldviewsandpromoteaction (see [143, 144]). Of course, theseactors canactmaliciously
and aim at manipulating citizens by conveying distorted and biased information, but other cases
could refer to actors asking for political action to some crisis (e.g. actions against climate change).

These stakeholders —hereina�er, referred to as policy influencers— are usually collectives that rep-
resent political factions (e.g. mass media, NGOs, think tanks, political parties, interest groups, social
movements, etc.), but they can also be distinguished individuals (e.g. celebrities, authoritarian lead-
ers, journalists, a social media account, etc.). Presumably, their trustworthiness and relevance arise
fromholding similarworldviewsandvalues to the citizen that lookupon them. However, have inmind
that the policy influencer has its own political agenda, and therefore provides useful informationwith
sound framing towards it. In this sense, many scholars have pointed out that politics may be driven
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by group identities, which are about emotional attachments to an identity instead of adherence to a
group ideology [3].

Ultimately, both citizens and influencers assess the state of a�airs with regard of their values. Since
political participation is motivated by discontent with current situations (see [44, 178]), such evalua-
tions may induce them to take political action.

5.3 Modelling policy shi�s

The main idea of this chapter is that among stakeholders there may be influential agents that inter-
vene to advocate their interests and values, eventually producing policy shi�s. This extends the con-
ceptual framework of Chapter 4. The intention is to explore a�ordances for policy simulator systems
to allow to model social acceptance and policy shi�s.

Namely, this framework-extension considers that some agents may be enabled to perceive, assess
and react to an emergentmacro-phenomenon (see next section); and that agents are a�orded to per-
form new actions. For instance, some agents can formulate initiatives to change the state of a�airs or
enact initiatives, while others are only capable to express their support to the initiatives. Initiatives
are basically a demand to change the current policy-schema and an appeal (e.g. information).

5.3.1 Second-order emergent social phenomena

Second-orderemergencesocialphenomena (EP2) refers to the idea thatagentsmay recogniseanemerg-
ing macro-phenomenon and, as a consequence, intentionally support or hinder the phenomena or
the emerging process itself [52, 210, 175]. It contrasts with the (bottom-up) emergence, that is the
exhibition of macro-structures or properties at the system level as a result of the local behaviour of
individuals; and with the (top-down) immergence, that is the process through which the macro-level
emerging structures modify the micro-level behaviour [210].

For instance, Castelfranchi [52] described EP2 as the cognitive emergence of the macro-phenomena
in the agent’s mind, and a�erwards a process of cognitive immergence that changes its behaviour
so as to adapt to the situation. Diverse examples were provided to illustrate how the awareness of
a phenomenon can promote or discourage it: for instance, in a process of urban segregation, some
agents may want to stay close to other agents with similar cultural background, and realise that the
territory is being increasingly shared with agents with di�erent cultural background, causing them to
adapt their goal to actively oppose new-coming residents in the territory.

Accordingly, one can say thatpolicy influencers are able to perceive and evaluate the state of theworld
at the macro-level, while most citizens can only perceive the state of the world at a local level. Since
policy influencers may act to support or confront the occurring phenomena, they can advocate for
political interventions and gather enough social support to legitimise their proposals. With this in
mind, policy influencers and citizens interact with each other, especially by sharing information.

5.3.2 Implementation of policy shi�s

Policy-influencers are stakeholders in the domain —with their own values and goals— that perceive
and evaluate the state of a�airs at themacro-level. On the contrary, policy-targets are not necessarily
able to perceive emergent phenomena, but are capable of evaluating the state of the world at the
macro-level since they have ethical and political expectations.
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That said, policy-targetsmay have no access to raw data or skills to analyse it, but they may receive
these frompolicy-influencers. Therefore, there isanexchangeof informationbetweenpolicy-influencers
and policy-targets. Policy-influencers have their own political-satisfaction models (that includes their
social expectations concerning values), which are transferred to policy-targets by providing informa-
tion with a framing discourse. Furthermore, influencers’ (framed) information is presumably more
acceptable if they share the values and the interests of the policy-target (in other words, the policy-
target is biased to consider the policy-influencer to be more trustworthy).

With this in mind, social support and policy shi�smay be implemented as follows (Fig. 5.1):

1. The policy-influencer agent “API,1” has a political-satisfaction model “mPI,1” in line with its value
profile.

2. Thepolicy-target agent “APT,1” “delegates” itsmodel of political satisfaction to thepolicy-influencer
“API,1”. It receives “mPI,1” and adapts its own model “mPT,1” to take into account micro-level and
macro-level evaluations. In this view, the policy-target evaluates its own well-being and also the
social welfare.

3. The policy-target agent “APT,3” looks upon two policy-influencers, so it receivesmodels “mPI,1” and
“mPI,1”. It can take both for its ownmodel “mPT,3” (e.g. by combining them, discarding one, etc.).

4. If apolicy-influencer is notpolitically satisfied (that is, thedesiredworld-stateand the currentworld-
state are discrepant enough), it may suggest political demands “Dk”.

5. Policy-targetsmay support these, depending on their own satisfaction and values (for instance, a
policy-target thatweighs its ownwell-beingmore than the political state of a�airsmay not support
any political demand if it is satisfied with regard of its individual situation).

6. The policy-maker “APM” designs a policy-schema “π” (i.e. means “πm” and ends “πe”) according
to those deemed-relevant social values and, presumably, taking into consideration the political
demands raised in the social space.

7. It is possible that particular demands raised by policy-influencersmay intervene directly on the so-
cial space, bypassingpolicy-makers (e.g. persuadingmessages toencouragepolicy-targets toadopt
social norms). This can be interpreted as new, enactedmeans, for the sake of the simulation.

8. An updated policy-schema is eventually enacted in the social space.

POLICY ENACTMENT
SIMULATION

APT,1 APT,2

APT,3

API,1 API,2

influence

interact

mPT,1

mPI,1
holdsdemands

supports

are enacted

Dk

πm

πeis implemented

APM

designs

are advocated

π

Figure 5.1: Policy-influencers interacting with policy-targets to produce policy shi�s
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5.3.3 Observations of this model of policy shi�s

Irrationality. Political-satisfaction models are irrational when they are unfeasible. For instance, an
agent that wants to satisfy two values at the same time that are directly opposed, being that situation
impossible to be reached. Then, the agent is being irrational because their demands are impossible to
be satisfied. For example: “I want that nobody pays taxes, but I want public education for everybody”.

It is true, however, that unfeasibility is hard to be demonstrated. Indeed, some political actorsmay in-
vokeunfeasibility as anargument to rhetorically attackother stakeholders (inwhich case, itwouldnot
be politically unfeasible, but rather politically undesirable from the argument-maker’s point of view).

When a policy-influencer holds a political-satisfactionmodel that is irrational, this could lead to a per-
petual state of dissatisfaction, nomatter the policy enacted. If thesemodels are transferred to policy-
targets, they are likely to be perpetually displeased too. This would entail unstable social scenarios,
as the policy-influencer (or another one) could take advantage of the situation to make political de-
mands that do not address the actual problem and consequently do not change the situation, either
intentionally (to promote its own agenda) or unwittingly (due to the lack of diverse resources).

Policy local/social contexts misalignment. Policy-targets might be incapable of perceiving the at-
tainment of policy ends at the macro-scale, either because they do not receive the information by
trusted policy-influencers, or because they do not have the values to consider these policy outcomes
relevant. Nonetheless, policy-targets are aware of the local e�ects of the policy. If the local e�ects are
viewed as negative (e.g. restrictions or taxes), but policy-targets are unable to perceive and value the
e�ects at the macro level (e.g. air pollution reduction), this can lead to social acceptance issues.

Limited competence of policy-makers. Policy-influencers may evaluate the world-state using indi-
cators that the policy-makers in charge may not consider relevant. Therefore, despite sharing the
same world-state, they perceive it di�erently. Consequently, policy-makers will receive the political
demands as a reaction of the policy e�ects without being aware of the actual causes of political dis-
satisfaction. In this case, the governance of the social space may become socially unstable, since it
has limited knowledge on what is producing political shocks.

59



60



Chapter 6

Ethical concerns when using policy
simulator systems

The design of policy simulator systems should take into consideration the ethical concerns that sur-
round them, so that the use of these tools is appropriate. Although agent-based simulation has been
acknowledged as a useful methodology to support policy-making [91], it instils a sense of misgiving,
as does the use of any type of model for informing policy decisions [19]. Clearly, agent-basedmodels
may be based, unconsciously, on errors and artifices, if modelling processes have not been appro-
priate [87]. Furthermore, models can become “black box” tools [244], informing decisions despite
ignoring the underlying assumptions, or they can contribute to crystallise the way to address social
phenomena, inhibiting the exploration of alternative models and explanations. In the worst case,
such tools may lead decision-makers to the abdication of their responsibility.

Hence, decision-makers and modellers should be aware of the limitations of these tools, if these are
to be used to support policy-making. Users and other stakeholders should be informed about the
limitations and concerns of simulation for policy-making. Also, designers and modellers should be
requested to consider issues that are specific to the modelling of public policies, and not only regard
user requirements.

This chapter explores the ethical concerns when using a simulator for policy-making from a value
perspective. Although the focus is especially placed on building the policy model at the core of the
simulator system (as shown in Chapter 8), other ethical issues arementioned so as to understand the
ethical implications of these systems for policy-making.

6.1 Ethical concerns at three levels

Conceptually speaking, policy-making is an ethical space: policy-makers intend to improve a frag-
ment of theworld and design instruments to achieve such improvement. When policy-makers decide
to support their decisions with agent-based simulation, they should be aware of ethical concerns in
three levels. First, when defining the use of the simulator, where policy-makersmust decide how they
are going to use it to back their policy decisions (e.g. exploration of alternative policies, support ar-
guments to negotiate with other stakeholders, etc.). Second, when designing the simulator, which is

A preliminary version of this chapter was presented in the 15th Annual Conference of the European Social Simulation
Association (SSC19) (together with Chapter 8) (see [191]).
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an artifact that will be used to simulate policies and mediate the interaction with other stakehold-
ers. And third, when building the public policy model, where policy-makers and modellers create an
agent-basedmodel to represent a given policy domain and address a particular problem.

Theclassof ethical considerations involved in these levels aredi�erentbut theyall essentially amount
to value judgements (that is, decidewhether something is right or good). Hence, identifying the values
involved allow to shed light onhow todealwith the ethical concernswhenusing simulation for policy-
making. In this spirit, three levels of ethical concerns are distinguished (Fig. 6.1):1

(i) Top-level: Use of the simulator system
(ii) Middle-level: Design of the simulator system
(iii) Bottom-level: Design of the public policy model

M

Design of the simulator system

Design of the
public policy model

Use of
the simulator
system

Figure 6.1: Diagram of the three levels of ethical concerns in policy simulator systems

6.1.1 Use of the simulator system

Ethical concerns at this level has to dowith the purpose the user is going to use the simulator for. The
policy-making cycle involvemultiple stageswhere simulators can be used. To name a few, simulation
can be used to explore the e�ects of di�erent policy instruments, to provide evidence for argumen-
tation and negotiation, and to support policy enactment (that is, to actually decide to enact a policy
because of firmly relying on the simulation output).

Hence, ethical concerns are related mostly to the conduct of the user with regard of the system. In
otherwords, that thepolicy-maker isusing thesystemappropriately, considering its limitations. Policy-
makers must use the simulator bound to the ethical responsibility of their role as public servant. The
values involvedmaybe subsumed in thenotionof responsibility that should imbue theethical choices
that policy-makers facewhile using themodel during the policy cycle. For instance, the usermay con-
sider additional values to assess the simulated outcome despite not having a direct representation in
the public policy model (e.g. transparency, responsiveness, accountability, compliance, etc.).

Accordingly, since users do have responsibility, policy-makers must be aware of:

(a) the designers’ intended use for the system;
(b) the assumptions and limitations of the model;

1Notice that these ethical concerns are present in the simulation environment (i.e. those elements that anchor the sim-
ulation process into the real-world), which includes, among other elements, the simulator (with the public policy model),
the user, and the experimental setting (see Sec. 4.1.3).
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(c) the possible e�ects of using the system;
(d) the entitlement of the user with regard to the use that is giving to the system;
(e) the type of knowledge that can be generated with the simulator, and its underlying assumptions;
(f) the change in howpolicies are designed and implemented that involves the use of computational

models, in terms of accountability, reliance and democratic control (see [97]);
(g) the epistemic implications of simulation: the simulator is neither an expert by itself nor it is self-

validating. Although simulation may be a reliable source of knowledge, interpretation of its out-
puts requires to be familiar with theoretical principles and engineering best practices (see [251]).

Design of experiments

Theoretically, simulation allows to explore the system with regard to standards that are di�icult to
be explored in the real world [23]. For instance, the enactment of a policy in the real world is a one-
shot event, since the context will never be exactly the same. In contrast, the policy enactment can
be simulated multiple times, maintaining or changing in a controlled manner the conditions of the
system. Besides, simulation allows to test the long-term e�ects of the policy, by comprising the time
period or accelerating the passage of time, and do those tests without committing the same amount
of resources. Not to mention the ethical implications that would have to test policies with real peo-
ple, which simulation can easily avoid. Thus, simulation enables an experimental approach in policy
science that is di�icult to have in the real world (for instance, simulation outputs can be statistically
analysed andmore easily reproduced).
The simulator system is, in actual terms, a laboratory where to conduct experiments. However, the
simulator is neither an expert by itself nor its outputs are self-validating. For this reason, it is conve-
nient that field experts are part of the simulation environment. Experts are familiar with theoretical
principles and engineering best practices that underlie the simulator system, and they can appropri-
ately interpret its outputs (see [251]).
The simulator is used by considering an experimental setting, which define the set of experiments,
protocols, and techniques to generate knowledge about the realworld fromanalysing oneormultiple
simulated realities. By tuning such setting, it is possible to assess policies and social systems with
regard to additional values (escaping the “one-shot constrains”): robustness, sensitivity, adaptability,
confidence, resilience, endurance, redundancy, scalability, etc.

6.1.2 Design of the simulator system

Ethical concerns at this level have to dowith how the simulator is going to be designed, taking inmind
that it should be a useful artifact for a particular intended purpose. It has to dowith ensuring that the
system supports, besides its intended purpose, an ethically responsible use for policy-making. Con-
sidering the analogy between the simulator and a laboratory, one would want that a chemical labo-
ratory is properly designed and maintained: it is safe, clean, and neat. But also that it has protocols
that ensure their appropriate use (e.g. safety rules, emergency protocols, etc.).
Hence, the simulator, as a technical artifact, should be conscientiously designed by taking multiple
values into account [176]:
(a) Those values related to the social impact of using the system (e.g. liability, ownership, accessibil-

ity, accountability, responsibility, etc.).
(b) Those personal values of the users and concerned stakeholders (e.g. recognition, privacy, reci-

procity, transparency, inclusiveness, attention, etc.).
(c) Those values related to the concerning the system as a technical artifact (e.g. robustness, correct-

ness, reliability, e�iciency, validity, accuracy, etc.).
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6.1.3 Design of the policy model

Ethical concerns at this level have to do with how the policy model is abstracted. As mentioned in
Sec. 3.1.2, modelling processes imply choices that have ethical implications with respect to the do-
main of interest. In plain words, these decisions define how the policy domain is represented, by
committing to a specific domain ontology that determines the variables, the set of events and actions
thatmaymodify the state of theworld, and the characterisationof the agents that populate themodel
(especially, the definition of their (value-sensitive) decision-making models).

Hence, a key ethical issue is to choose the relevant values in the policy domain and to make them
operational by identifying those variables that are pertinent for each of those values. Then, some of
these variables are chosen as indicators of values to assess social outcomes. This has implications in
policy-making, because some actions and events are identified to change such indicators, since they
are essential whenmodelling the pertinent interventions on the social system.

Ingeneral, valuesareused toevaluate the (resulting) statesof theworldand toevaluatewhether some
interventions lead to a good state. With this in mind, there is the need to make these ethical aspects
operational. For this reason, a consequentalist view of values as explained in Sec. 3.2.2 is particularly
useful. It says that a value is defined by means of indicators that can be observed in the world at any
time. It makes possible to say that one state of the world is better than another —with respect to a
value— provided that it has a better scoring for the indicator of that value, and to decide whether an
action is better than another —with respect to a value— by comparing their e�ects on the state of the
world.

That said, it can be approached as a “representation problem”, aiming at translating abstract uni-
versal values that should be considered in the domain into observable factual indicators that reflect
these values appropriately and therefore allow to design interventions adequately. This process is
illustrated for the water domain in Chapter 8.
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Study domain: Water
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Chapter 7

Introduction to the water domain

Water is the most essential resource on Earth. It is indispensable for life and it is involved in many
facets of human civilisation (i.e. agriculture, public health, energy generation, culture and religion,
etc.). Human communities have withdrawn water from the nature to meet their needs and then re-
turned it to the environment for millennia —with a lower quality. Not only is water used for basic
supply, but also it is indispensable for sustaining ecosystems that provide wide range of services that
are essential for humanwell-being [164]. Consequently, a properwater governance is fundamental to
guarantee the sustainability and the availability of water resources and services in the future.

Since water management has an impact across the interwoven socio-economic and ecological sys-
tems, its governance is an issue in whichmany groups and communities have di�erent interests. Not
surprisingly, water is at the heart of several social and ecological conflicts along the history of hu-
mankind.

7.1 Water as an ethical space and policy domain

Water governance implies value-laden decisions and ethical judgements of many sorts, as they are
necessary to face the multiple trade-o�s that arise in water collective problems [181, 99, 54]. There-
fore, water governance establishes a state of a�airs deemed as desirable, and regulates the manage-
ment of water according to it by means of a system of political, social, economic, and administra-
tive components [181]. Although its vital importance and political implications, water policy is not
a popular topic itself, o�en subordinated to economic matters —whose paradigms are being ques-
tionednowadays [161, 84]. AsMeisch [162] pointedout,water governancehas todealwith those called
“wicked problems”, that are complex situations for which there is neither a simple nor a single correct
solution; therefore, “social solutions cannot be judged by the standards of true or untrue, but only of
better or worse. In this sense, solutions to wicked problems are always of a political nature because
they are intimately related questions of how water-human relationships in a certain location should
and can be shaped at a certain time—according to a�ected citizens’ notions of the good life and the
right actions in relation to their water. Due to dynamics within hydro-social cycles or “waterscapes”,
these relationshipswill never be finally settled, butmust always be socially renegotiated and ethically
justified”.

These issues are particularly urgent nowadays, since water is at the core of the sustainability chal-
lenges that human civilisation is facing [204] and ofmultiple Sustainable Development Goals—which
are to contribute to the “peace and prosperity for people and the planet, now and into the future”.
Global conditions are changing rapidly and they pose a severe threat to socio-ecological systems [48,
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204], especially in the water domain, as they are expected to compromise water security and hence
social welfare [232, 254]. Pressures are of various kinds (e.g. urbanisation and population growth,
ageing infrastructure, global warming, technological disruption, etc.) and they are challenging water
governance from many fronts [232, 165]. Thus, such threats are increasingly severe for urban areas,
as they concentrate 55 % of the global population today, rising up to 68 % by 2050 [259], and where
water crisis arealreadyoccurring (see [51, 266, 241]), besidesbeingother social conflicts suchasgentri-
fication, unemployment, and citizen insecuritymore pronounced. In addition, cities are where socio-
technological innovations land first, usually without knowing their long-term consequences. What
is undoubtedly true is that water conflicts in the era of climate change —together with technological
disruption and political upheaval— are going to be aggravated due to a fiercer competition and social
unrest.
Water crisis are approached as crisis of governance in many institutions [258, 54]. Accordingly, it is
becoming critical to reshape water governance in order to adapt the water use andmanagement to a
newera for ensuring socialwell-being. With this inmind, it is convenient to consider the socio-cultural
context ofwater systems, and explore newapproaches to support policy exploration and assessment,
especially those issues that concern social coordination. Consequently, addressing collective water
problems e�ectively depends on enhancing the understanding of individual/collective action to sup-
port decision-making in those matters. In this spirit, a new field called socio-hydrology [239] aims
at studying the water cycle together with a socio-cultural perspective [66], for which AI-based ap-
proaches (and, in particular, agent-basedmodelling) may be extremely meaningful.
Adopting a value-based perspective may illustrate how water governance and water management
impact on aspects that are subject to be valued from a social perspective. This can potentially lead to
better decision-frameworks and analysis-tools in the water sector. Although water management has
traditionally focused on e�iciency (i.e. eventually translated into economic costs per unit of water), it
must be understood thatmany other social values are present in it, which can lead to social conflicts if
not recognised properly. It is therefore necessary to determinewhat values are relevant and how they
can be expressed, in order to be properly incorporated in strategical decisions and in socio-technical
developments.

7.2 Values in the water domain

7.2.1 Socio-hydrology

Watergovernanceandmanagementareconnected tomanyuniversalhumanneedsandpublic values.
Water is related to public health, to food and energy production, and to social justice and progress.
Not surprisingly, water governance is o�en viewed as amoral duty of themodern social democracies
—which is why water has been traditionally managed bymeans of public services in Europe.
Water policy decisions are expected to bemore e�ective if they are based on an accurate understand-
ing of the human values and social dynamics involved (see [239, 243]). For water governance to face
sustainability challenges it is required to understand how societies and water systems interact and
what human communities value [209]. In this spirit, the field of socio-hydrology suggests that thewa-
ter cycle cannot be understoodwithout considering human culture, values, and institutions (and vice
versa) [239, 146].
Since governance and policies do reflect values of stakeholders [33, 99], water governance has to do
with political processes in which actors advocate their own values and worldviews, thus determin-
ing how water issues are framed and addressed [54]. Accordingly, water governance decisions in-
volve ethical judgements onwhich states are desirable, how the trade-o�s should be solved, and how
agents should be guided [43].
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7.2.2 Values

Values have been considered widely in water, but they have been addressed quite di�erently. The
research of values in water corresponds greatly with the research of environmental values (see [67]).

In these works, values are understood as legitimate uses or interests assigned to water (e.g. agricul-
ture, energy generation), as well as other services of water ecosystems (e.g. climate regulation) [157].
Given this view, the assigned value of water refers to the contribution tomeet a specific goal or objec-
tive [60]. Values are also covered in water ethics, concerning the inherent universal values that water
has (e.g. spiritual, aesthetic, etc.), usually by adopting an objective moral perspective [99].

Held values are drivers of the decision-making and goal-setting of stakeholders, eventually shaping
the social outcome and impacting on human well-being and ecosystems’ health [209]. This category
is aligned with the notion of values presented in the Schwartz Theory of Basic Values [219]. Typically,
the held values are grouped by (i) self-interest or egoistic values (e.g. personal profit); (ii) humanist-
altruistic values (e.g. communitywell-being); and (iii) biosphere-altruistic values (e.g. ecosystemhealth).

Valuesarealsocovered inwaterethics, concerning the inherentuniversal values thatwaterhas (e.g. spir-
itual, aesthetic, etc.) that should guide water governance [99]. In these works, values of water are
recognised by adopting an objective moral perspective.

Other approaches understand values as principles that should be endorsed bywater governance and
that are involved in defining ends and hierarchies [218, 100], like transparency or social justice. There
are diverse frameworks that have been proposed to evaluate water governance concerning multiple
values (e.g. [268, 262, 8]), but typical values concern water availability, a�ordability, accessibility and
safety. This view reminds the notion of public values as consensual expressions of what is desirable in
society and governance (see [39]), but focusing particularly on the water domain.

The aim of this dissertation is neither to define how to understand values in water nor state what
valueswater governance should promote and preserve. Rather, the point is to explore how values can
be imbued in policies and considered in computational models of public policy. Noteworthy, values
werealreadyused toguidepolicydesign forwater utilities [134]. Nonetheless, this dissertationaimsat
expanding this topic by considering how this can be approached in computational decision-support
systems based on simulation.

7.3 Water and agent-based simulation

A relevant line of research for water policy-making takes the socio-hydrology approach [239]. This
field focuses on modelling the coupled human-water system, explicitly considering social and wa-
ter dynamics together [239]. Although equation-based models are more popular in socio-hydrology,
agent-based simulation is becoming a relevant modelling approach in the field [140]. Indeed, agent-
basedmodels are suggested toovercomemany limitations of equation-basedmodels, as heterogene-
ity of agents or explicit social interaction of agents [261]. In this view, agent-basedmodelling can com-
bine human behavioural models with biophysical models to focus on water issues.

Accordingly, agent-based simulation has been widely used to explore human social behaviour water-
related domains. For instance, it has been used in the agricultural domain [118, 31, 217, 27, 117], fo-
cusing typically on land-use changes [182, 113] and on the implementation of payment for ecosystem
services [231, 56]. It has been also applied in water resources management [32] and urban water de-
mand [89, 141]. In environmental studies (not only focused onwater), agent-basedmodels have been
broadly used to study socio-ecological systems [96, 17].
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Chapter 8

Bringing values into computational
models: application in the water domain

In Chapter 3, a value-driven approach for modelling was argued to potentially benefit policy simula-
tor systems, because it can make modellers and policy-makers aware of the spectrum of e�ects that
policies may have in multiple aspects.

This chapter aims at providing basic guidelines for introducing values into (agent-based) policy simu-
lator systems. In particular, the approach is illustrated for the water domain. However, it is presumed
that themethodology is general enough to be useful for bringing values intomodels situated in other
policy domains.

8.1 Values in computational models situated in policy domains

Values are abstract constructs that transcend specific situations [219]. Since simulator systems are
situated in a particular policy domain, values also require to be situated in that domain and take a
specific meaning in the (computational) policymodel. That said, there are two relevant questions for
the policy-modelling process: “what are the relevant values in a particular policy domain anda specific
policy problem?” and “how tomake these values operational in the computational model?”.

The conundrum is to translate abstract values into an entity that satisfies some requirements: first,
policy interventions and actionsmust be able to change their state (otherwise, policy-making cannot
improve the state of the world); second, they must be observable in the social space, for agents to be
capable to assess their state; and third, they must be able to be coded, for computational models to
be able to simulate the policy e�ects on their status. In sum, value-driven policy simulator systems
must enable to observe, measure andmonitor values.

Assuming a consequentialist viewof values, as explained in Sec. 3.2.2, is specially helpful at this point,
since abstract values can be translated into factual indicators that stand for them, satisfying the afore-
mentioned requirements. Factual indicators are nothing but variables of the domain ontology, whose
social meaning reflects the values of interest. Hence, the value-instantiation process goes through
di�erent stages (Fig. 8.1): (i) from abstract values, (ii) to their contextualisation in the domain, (iii) to
factual indicators in the computationalmodel (therebyanchoringabstract values to theobjective sim-
ulated world). With this in mind, valuesmust be conveniently present during the modelling process,
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VW VD VI

Abstract values
(non-domain-specific)

Domain values
(domain-specific)

Factual indicators
(model-specific)

Figure 8.1: Value instantiation process for computational models

as they may restate the domain ontology.

Notice that this process may be quite recursive, and it may be not clearly structured. Nonetheless, it
is basic for building a policy model (despite not being explicitly conducted).

8.1.1 Abstract values relevant in the policy domain

Values are present when creating the policy model that will support decision-making. Above all, val-
ues determine what is relevant in the domain for a collective problem and underpin the assessment
of policies. Thus, choosing those relevant values in the policy domain is the first fundamental issue
when building policy simulator systems.

One conclusion is drawn from the works and theories on values reviewed in Chapter 2: the compila-
tion and practical definition of values that drive decision-making in public a�airs is quite di�icult. In
other words, stakeholders and public servants may have di�erent understandings of what constitute
social values in a particular domain and what they mean. Thus, di�erent stakeholders may invoke
the same value to justify decisions whose consequences are radically disparate. One reason for this
is, simply, that stakeholders have di�erent interests and beliefs, and this is translated into di�erent
social expectations for the same value.

Selection of relevant values in the water domain

There may be di�erent proposals about which values should be considered in the water domain. For
the sake of example, and only for pedagogical use, six social value items are taken from the works
reviewed in Chapter 2:

— E�iciency. Making use of resources in a responsible way.
— Competence. Proving beneficial to those who have invested resources in the service.
— Sustainability. Proving beneficial to society in the future.
— Security. Ensuring that society is safe from threats fromwithin and without.
— Modernity. Using and promoting the newest and best approaches and technologies.
— Social justice. Concerning for the welfare of the larger society, specially those who are at a
disadvantage.

8.1.2 Contextualising values in the policy domain

The following stage is to situate those abstract values in the domain which allows to speak in more
concrete terms. That is to say that they have to be reformulated to fit the water domain and make

A preliminary version of this chapter was presented in the 15th Annual Conference of the European Social Simulation
Association (SSC19) (together with Chapter 6) (see [191]).
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them able to have an operational translation in computational models for simulation. This step is
better illustrated with the example:

Contextualising values in the water domain

Since water is present in many activities (see Chapter 7), the contextualisation process approaches
the water domain from a general point of view:

— E�iciency understood as “making a responsible use of natural resources”. Under a scenario of
global change that is increasing pressures on water systems as well as water demand (e.g. cli-
mate change, populationgrowth, etc.), it is essential to usewater resources e�iciently. Although
means to promote e�iciency are typically based on technological solutions, they can also be
based on social interventions, such as encouraging citizens to not waste water or to accept re-
claimed water.

Several directives and frameworks aim at promoting e�iciency in the water domain. For in-
stance, the European Commission has outlined the Roadmap to a Resource E�icient Europe
to transform Europe’s economy by 2050, aiming at increasing resource productivity while de-
coupling economic growth from resource use and its environmental impact [77]. In the same
vein, the circular economy paradigm is being promoted in Europe, strategy that aims at clos-
ing material and energy cycles. It is considered that the traditional linear economy has proved
unsustainable, because ecosystems cannot cope with the demands for resources and the re-
ception of emissions and waste. In contrast, in the circular model energy and material flows
are planned as minor cycles that practically close the production system (e.g. repair, recycling,
etc.), in addition to consider anywaste as resources for other industrial processes (which is also
knownas industrial symbiosis). In the caseof thewater circular economy, reuseand reclamation
of water resources take special importance.

E�iciency in water domainmay also take a broader approach by considering the fact that water
is extremely related to other resources, as describes the Food-Energy-Water nexus [46] (e.g. the
energyused todesalinisewater). Therefore, seeking to “improve”e�iciency in thewaterdomain
may look to intervene on other relevant resources (e.g. fuels, nutrients).

Furthermore, e�iciency can focus on distribution of resources. In this view, allocative e�iciency
is understoodasallocatingwater resources to thoseusesandusers that generate themost value
—which, as mentioned in previous chapters, depends on how value is understood. Since e�i-
ciency is typically framedwith the notion ofmaximising the economic output, the focus is o�en
on increasing productivity; however, some scholars point that e�iciency may be promoted in
order to decrease the input of resources [193, 150].

— Competenceunderstoodas “contributing to thebestuseof economic resourcesofwater services,
in order to guarantee standards of service and costs that are appropriate to the levels of service
provided”. Water services address multiple societal needs, and are supported through coercive
taxation. Therefore water services should be properly managed to ensure their sustainability
to be able to address those societal needs in the future. In this line, the Water Framework Di-
rective (WFD) (Directive 2000/60/EC) established the principle of recovery of the costs of wa-
ter services including environmental and resource costs. Accordingly, two types of costs are
distinguished (i) financial costs, which include operation, maintenance, and investment costs
(i.e. capital and interests); and (ii) environmental and resource costs, derived from the e�ects
that water uses have on the health of water ecosystems. The aim is that water-pricing policies
provide adequate incentives for users to contribute to the environmental objectives of the Di-
rective, and that these guarantee the recovery of costs of the multiple water services —taking
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account of a fair distribution of costs (e.g. polluter pays principle, by which the cost of imple-
menting environmentalmitigation and restorationmeasures should be coveredby the onewho
caused such environmental deterioration). Multiple strategies can fit this value: water utilities
may focus on appealing to citizens to be “responsible” and to not perform behaviours that will
increase costs unnecessarily (e.g. not flushingwetwipes because they block sewers); or AI tech-
niques can be used to mitigate high-cost events (e.g. mitigate peak demands by implementing
dynamic pricing).

— Environmental protection understood as “preserving, protecting, and improving the health of
ecosystems”. Given that ecosystems provide essential services to human beings (e.g. freshwa-
ter provision, flood protection, etc.) [164], it is convenient to improve, preserve, and monitor
their quality and equilibrium. It is well-known thatmany human activities are deteriorating the
quality of ecosystems; for instance, the intensive nitrogen fertilisation to increase crop produc-
tion, combined with the destruction of riparian vegetation (which acts as filteringmechanism),
causes that the excess of nutrients can not be retained and recycled locally, and is transported
by runo� into aquifers, rivers and lakes, and finally into oceans [240]. The excess of nutrients
can cause eutrophication in water ecosystems, a phenomenon that consists in the excessive
growth of algae, which leads to oxygen depletion and the death of numerous organisms, with
severe consequences for biodiversity. Notably, enhancing the status of water bodies was one of
themain objectives of theWFD at the time it was enacted, for which it established that Member
States were required to implement River Basin Management Plans (RBMPs).1 Given that pur-
pose, theWFDestablishedamethodology toassess the statusofwaterbodies, setting indicators
formonitoring diverse relevant aspects (i.e. quantitative and chemical aspects for groundwater
bodies, and biological, hydromorphological, and physico-chemical aspects for surface water
bodies).

— Water security understood as “ensuring that the population is safe fromwater-related threats”.
Water-related threats have todowith lossofwater availability, floods, anddroughts. Eventually,
water (in)security may lead to disease spreading, food insecurity, and political instability [93].
Accordingly, water security is significantly related to public health, for which is needed a safe
supply of good quality water and appropriate sanitation of wastewater for the population.

Although water is one of the most essential resources, human activity is severely a�ecting wa-
ter security. For instance, as mentioned before, nitrogen pollution may a�ect aquifers due to
an inappropriate agricultural management, making the provision of water resources practi-
cally impossible, since groundwater pollution is di�icult to reverse. The intake of water with
high concentrations of nitrates causes healthproblems, suchasmethemoglobinemia in infants,
in addition to other chronic diseases [274]. For this reason, the European Directive concern-
ing the protection of waters against pollution caused by nitrates from agricultural sources (Di-
rective 91/676/EEC) requires the designation of vulnerable zones, identifying those water bod-
ies water that may be a�ected by infiltration and runo� whose nitrate concentration exceeds
50mg/L.

Notably, climate change is altering the water cycle and, as a consequence, it is increasing the
risk of water-related threats. For instance, a general decrease in water resources is occurring
in Spain due to the impacts of climate change [55]. In addition, climate change increases the
likelihood and magnitude of extreme events. Thus, extreme precipitation events will be more
frequent and greater magnitude, making more di�icult to store water resources and also in-
creasing the risks of floods—which is direct threat for people, but also indirect considering that

1The Commission assessment of the second River Basin Management Plans was reported in February 2019 (SWD(2019)
30 final).
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water infrastructuresmaynot bedesigned for such events (e.g. sewer flooding, damages in sup-
ply networks, etc.). Climate change also exacerbates drought risk, negatively a�ecting drinking-
water supplies and food production, among other issues, whichmay lead to harsh competence
and migration. In Spain, the territory that will su�er extreme drought will also be greater, ag-
gravated in summer by the seasonal change in fluvial flow and the reduction of water reserves
in the form of snow in the mountains [55]. In fact, severe water-threats are already occurring in
cities (e.g. Cape Town [266] andSidney [241]), where 55%of the global population concentrates
nowadays —rising up to 68% by 2050 [259].

— Modernity understood as “using and promoting the newest and best approaches and technolo-
gies in water use and management”. In this view, modernisation consists of a transformation
process, by which a traditional community (o�en perceived as backward), becomes a modern,
recent-time community. Hence, innovation and technology adoption become a value by itself.
For example, the Spanish National Irrigation Plan Horizon 2008 focused on rural development
by modernisingmuch of the extension that was used for irrigation agriculture —meaning that
traditional systems based on open channels distribution and flood irrigation are replaced by
pressurised networks and sprinkler or drip irrigation— since irrigation agriculture has been tra-
ditionally seen as a symbol of prosperity [148]. In the same vein, the water policy paradigm
in Spain during the military dictatorship (1939–1975) focused on the construction of reservoirs
and dams to increase the supply of water resources, thereby symbolising the development of
the country [149]. In more recent times, ICTs (e.g. digital water-meters, Internet of Things, 5G),
AI techniques (e.g. predictive analytics using machine learning), and related marketing-based
concepts (e.g. digital twins, smart cities, industry 4.0) are being promoted in the water sector to,
presumably, improve the management of water (See [97]).

— Social justice understood as “ensuring that the right of citizens to access a safewater supply and
sanitation is protected for them to live a decent life, distributing costs by taking the capacities of
the diverse people of the society into account”. In this line, the United Nations Member States
adopted the 2030 Agenda for Sustainable Development in 2015 in order to contribute to “peace
and prosperity for people and the planet, now and into the future”.2 It established 17 Sustain-
able Development Goals (SDGs), many of them related to aspects of social justice (e.g. SDG1: No
Poverty, or SDG2: Zero Hunger). There are goals that are specially relevant in thewater domain,
such as the SDG6: Clean Water and Sanitation, which focuses on the fact that there are people
who still lack access to safewater supply and sanitation. Also regulations and lawsmay address
these issues. For instance, in Catalonia (Spain) a law was passed to address the emergency in
housing and energy poverty (i.e. lack of access to basic services as energy and water supply)
(Law 24/2015, of July 29). This law in particular establishes that public administrations must
ensure that water, gas and electricity supply companies provide grants or apply discounts to
those vulnerable families. Furthermore, the company must contact with the municipal Social
Services to determine whether the family is at risk of social exclusion prior to interrupt the sup-
ply to any household.

Noticeably, contextualised values are closely entwined. For instance, environment protection is o�en
pursued because ofwater security, andmodernity by technological development is o�enmade to in-
crease e�iciency. This points out that values, concerninga complex system, arehard tobe instantiated
as isolated realms. However, although situating these values leads to highly related understandings,
they express di�erent motivations when justifying policy decisions, thus expressing di�erent policy
ends and relying on di�erent policy means. Furthermore, the fact that such realms are linked is the

2https://sustainabledevelopment.un.org
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reason why there exist value trade-o�s in policy decisions. Hence, the gain in one value may be at
expense of losing in another other value.

8.1.3 Instantiation of values into factual indicators

Once the contextualisation is made, one needs to define the factual indicators that anchor the values
to the simulation. The instance of these indicators defines the state of the world.

Hence, the choice of factual indicators is key for policy-making. First, because they determine the
ontology of the model, as mentioned before. Second, because they preset the relevant policy instru-
ments as those instruments that have an impact on those indicators. Third, expert knowledge on the
domain is necessary (see Sec. 3.1).

One may follow a recursive approach to this selection process: (i) start with a list of contextualised
values, propose a list of indicators; (ii) for each indicator, find policy instruments and actions that
involve it; (iii) identify missing indicators in these instruments, and update the list of indicators until
no new indicators are found; (iv) and then from the indicators back, update the set of instruments,
and also consider if necessary to update the list of relevant values with new items that are related to
those new elements.

It is true, however, that some directives, roadmaps, and policy frameworks propose particular indi-
cators and instruments. For instance, the Roadmap to a Resource E�icient Europe considers, for the
water domain, particular measures (e.g. smart metering, guidelines for water re-use, etc.) and indi-
cators (e.g. leakage in water infrastructure, water savings in irrigation, etc.) [77]. These resourcesmay
provide a guiding modelling framework.

Interestingly, any instantiation of values into factual indicators is questionable. Nonetheless, this is
an inherent issue when working with values: every stakeholder may define and understand values
di�erently in thedomain, due to contrasts in culture, experiences, education, interests, and soon. Not
surprisingly, values are contested and disputed in political arenas. However, this is not necessarily a
downside —in fact, it may be a virtue: since the world is constantly changing (i.e. society, science,
technology, politics, etc.), values can be redefined in new contexts and situations. Policy problems
are ‘wicked problems’ [162], which means that there are no unique correct solutions.

Defining policy-schemas in the policy domain

Once those relevant values have been translated into factual indicators, these can be used to define
policy interventions. That is, indicators are used to model policy-schemas operationally in agent-
based models (see Sec. 3.1.5): the ends of a policy, that need to be expressed in terms of indicators,
and themeans to achieve them, that aremadeprecise in the formof instruments (Fig. 4.7). In this view,
the policy-schema aims to improve the domain-situated social systemwith respect to some values by
intervening in those linked indicators. Noteworthy, choosing ends has to do with deciding what to
prioritise, which is clearly a political task.

If the policy-schema has been generated from the model ontology, it should be compatible with the
computational model, and therefore able to be implemented and executed to simulate its e�ects. For
instance, an instrument that is based on “sending messages to make citizens aware of good practices
for saving water at home” requires that the ontology includes citizens, water conservation practices,
and some decision-making model focused on adopting such practices. Likewise, projecting the ends
onto the indicator “water use in m3 per month per person” needs that the ontology includes appro-
priate variables to compute it (e.g. volume of water used, number of urban dwellers, etc.). Since the
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potential instrumentsmust be included in the simulator system, theymust be properlymodelled, es-
pecially their e�ects, which requires to have scientific knowledge in multiple disciplines in order to
do so appropriately.

Instantiating values as indicators and definition of policy-schemas in the water domain

Given the contextualised values of Sec. 8.1.2, Tables 8.1 and 8.2 show some factual indicators (i.e. do-
main variables and combinations of these) involved in these value items, and how one can identify
some generic means to address these value goals and how these are instantiated into instruments
that will be brought into the policy-schema. Besides, to further illustrate this data structure to model
policy proposals, Fig. 8.2 represents a policy-schema to improvewater security.

VALUE: SECURITY

Ends:maintain a safe level of water
resources to guarantee water supply.

Indicators: reservoir levels
(days of supply)

Means:manage citizens’
water demand.

Instruments: progressive water pricing
to discourage excessive water demand.

Figure 8.2: Example of instantiation of values into a specific policy-schema. Since security was
contextualised in the domain aswater security (thus potentially relating to issues as public health
and sanitation, extreme events, food production, political instability, etc.), it is possible to define
indicators that reflect the value (which can bemeasured and computed) and, a�erwards, a

policy-schema aiming at improving the state of the world with respect to that value.
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Table 8.1: Value instantiations and examples of options to define policy-schemas aiming to imbue those values

Value item Ends Indicators Means Instruments

E�iciency
Making a responsible use of

natural resources

- Water economy that
maximises the economic
output

- Water public services
responsibly used by citizens

- {...}

- Water use (m3/month·person)
- Share of reused water (%)

- Water network losses (%)

- Economic e�iciency (eur/m3)

- {...}

- Promote circular economy as
a new paradigm

- Maintenance of existing water
infrastructures

- Addition of ICTs to
infrastructures to improve
management

- {...}

- Messages to make citizens
adopt best practices to save
water at home

- Plan replacement and
maintenance of pipelines

- Adoption of smart
water-meters in households
to detect leakages

- {...}

Competence
Contributing to the best use of
economic resources of water
services, in order to guarantee
standards of service and costs
that are appropriate to the
levels of service provided

- Financial sustainability of
water services

- Water service with a
high-quality customer service

- {...}

- Infrastructure Operation and
Maintenance costs (eur/m3)

- Service-cost recovery rate (%)

- Non-revenue water (%)

- Water supply interruptions
(min/person)

- {...}

- Addition of ICTs to water
infrastructure to improve
management

- Control users’ water demand

- Prevent users from
performing neglectful
practices

- {...}

- AI agent to predict water
supply interruptions

- AI agent to apply dynamic
pricing on water fees in order
to avoid peak demands

- Messages to appeal citizens to
not flush wet wipes

- {...}

Environmental protection
Preserving, protecting, and
improving the health of

ecosystems

- Better status of water bodies

- Minimisation of
environmental impact of
stages of urban water cycle

- {...}

- Chemical and ecological
status of surface water bodies

- Discharged-water quality
parameters (e.g. BOD, COD,
nutrients, etc.)

- Contribution to global
warming (g CO2-eq/m3)

- {...}

- Compensate water users for
beneficial practices

- Best technologies in industrial
processes to mitigate
environmental impacts

- {...}

- Payment for Ecosystem
Services (PES) for upstream
farmers who protect riparian
vegetation in their fields

- Subsidies to encourage the
use of Best Available
Technologies (BAT)

- {...}
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Table 8.2: Value instantiations and examples of options to define policy-schemas aiming to imbue those values (cont.)

Value item Ends Indicators Means Instruments

Water security
Ensuring that the population is
safe fromwater-related threats

- Safe level of water resources

- Low detrimental health
impacts caused by water
sanitation

- {...}

- Reservoir levels (%, days of
supply)

- Mortality- and
morbidity-quantifying
indicators (e.g. DALY)

- Risk of flooding
(i.e. probability of occurrence
and damage) (eur)

- {...}

- Diversify water sources

- Control water quality

- Control users’ water demand

- {...}

- Regulation norm that obliges
farmers to use reused water

- Implementation of
environmental standards for
water to be discharged

- Progressive water pricing to
discourage excessive water
use

- {...}

Modernity
Using and promoting the

newest and best approaches
and technologies in water use

andmanagement

- Minimum level of adoption in
a community

- Strong collaborative network
of collaboration between
researchers and industries

- {...}

- Technology adoption rates
(%-time)

- Patents (no/yr)

- Academic impact
(noarticles/yr, nocites, etc.)

- {...}

- Promote technological
adoption

- Foster R&D expenditure

- {...}

- Subsidies to encourage
irrigation technologies

- Provide fiscal incentives to get
involved in research projects

- {...}

Social justice
Ensuring that the right of

citizens to access a safe water
supply and sanitation is

protected for them to live a
decent life, distributing costs by
taking the capacities of the
diverse people of the society

into account

- A minimum level of
redistribution of wealth

- Equal opportunities

- {...}

- Vulnerable households due to
low income (%)

- Relative (water) utilities cost
on household income (%)

- Population without basic
access (%)

- Households whose water use
is under 90 L/p·d (%)

- {...}

- Financial social aid for
vulnerable households

- Water service funding through
taxes taking the impact of the
user into account

- Addition of ICTs to monitor
water users

- Train citizens to improve their
capacities and social
inclusion

- {...}

- Subsidies for those
households whose income is
below aminimum level

- Specific tari�s for large and
industrial users

- Smart-meters to detect
anomalous low water use

- Scholarships for training
youth to have jobs in the
water sector

- {...}
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Chapter 9

Case study: Modelling contingent
technology adoption in farming irrigation
communities

Of all the uses ofwater, agriculture is the one that requires the greatest proportion of resourcesworld-
wide. Consequently, it is a salient subject for environmental policy-making, and adoption of modern
irrigation systems is a key means to improve water use e�iciency. In this chapter it is presented an
agent-based model of the adoption process —known as “modernisation”— of a community consti-
tuted by farmer agents. The phenomenon is approached as a contingent innovation adoption: a first
stage to reacha collective agreement followedbyan individual adoptiondecision. Themodel is based
on historical data from two Spanish irrigation communities during the period 1975–2010.

9.1 Case study for the conceptual framework

Rural socio-economic development has been a recurrent topic of Spanish public policies which has
been traditionally linked to irrigation agriculture, understood as essential part of the agro-industry.
Hence, the national hydraulic policy of the past twentieth centurywas based on increasing the supply
of water resources and the transformation of irrigation, in order to generate employment and curb
rural depopulation [148]. In this view, modernising irrigation is aimed at achieving territorial balance
by competing with the urban regions, which usually attract human capital from the rural world.

This case study is approachedas a “simple case” for the sakeof illustrating the conceptual framework.
This chapter can be seen as it presents a policy simulator system that is used by policy-makers and
experts for testing one particular policy-schema that aims at imbuing one particular social value to
the social system: modernity. In this connection, modernisation is understood as a transformation
process by which a traditional community (o�en perceived as backward) becomes amodern, recent-
time community. As a consequence, the di�usion and adoption of high-tech irrigation systems is seen
as desirable (i.e. policy end) and therefore should be promoted, namely bymeans of economic incen-
tives (i.e policy means) (Fig. 9.1). Table 9.1 provides a summary of the case study.

This case study is considereda simple casebecause there arenovalue trade-o�snor competing stake-
holders that holddi�erent political interests (potential value conflicts arementioned in thediscussion

This case study was published as article in the Journal of Artificial Societies and Social Simulation (see [189]) (Open
access).
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VALUE:MODERNITY

Ends: rural development;
modernisation of farming communities.

Indicators: adoption rate (%)
ofmodernising technology

Means: promote farmers’ adoption
by means of economic incentives.

Instruments: subsidies to cover
part of the technology cost (%) and
appropriate financial conditions.

Figure 9.1: Policy-schema enacted in the farming communities’ to imbuemodernity

in Sec. 9.6). There are only farmer policy-targets, who are motivated by one value: wealth, which is
measured by the profits resulting from the exploitation of their farms.The assumption of profit-driven
farmers in regions where agro-industry is strongly market-oriented and water scarcity is high seems
quite suitable, as the results show. Anyway, these encouraging results also point towards the need to
consider other values, as other modernisation cases do not fit into this view.
Notice that this reflects a particular view of one of the collective problems in the water domain. It
does not question the hydraulic paradigm of the twentieth century in Spain [148]: the main objective
of the technological change is to increase the availability of water in order to eventually contribute to
the growth of the economy of the region. Although during the dictatorship it was achieved by means
of building large water infrastructure (enlarging the water input), the current intervention aims at in-
creasing the water productivity by reducing the water losses of a given water input at a farm scale.

Table 9.1: Framework applied to the case study of technology adoption in farmer communities

Domain (model and data) Water & economy, Crops & economy, Environment and climate,
Farms, Innovation & economy (see Appendixes A and B)

Stakeholders
Policy-maker User (e.g. National Agency)

Policy-target Farmers (connected by spatial proximity) (see Sec. 9.4.1)

Valuemodel

Policy-maker (user):modernity (innovation, rural development). The more
adoption rate, the better.

Policy-target (farmers): wealth. The more profits from farming, the better. This
can lead them to adopt new irrigation technologies (see Sec. 9.4.3).

Policy-schema See Fig. 9.1

Given thispurpose, thispolicy simulator system is testedonhistorical data fromtwoSpanish irrigation
communities during the period 1975–2010.
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9.2 Introduction to the case study

The agricultural water cycle involves a large proportion of water resources, accounting for approx-
imately 70 % of global water withdrawals [80]. In a foreseeable future of growing population and
changing climatic conditions, where agriculture will have to increase its production some 50 % by
2050, those requirements are not likely to diminish [81]. These expectations shall produce increasing
socio-economic stress on the water cycle unless sound policy is implemented and e�ective actions
are taken.

There is widespread consensus that water could be better managed in agriculture, especially where
traditional low-e�iciency irrigation systems are commonly used [148]. Consequently, many stake-
holders consider the modernisation of irrigation systems as an essential means for better water use
in farmers communities.

The motivation behind this case study is to understand howmodernisation takes place in such com-
munities in order to provide input for policy-design, and it is therefore necessary to model di�erent
decision processes and profiles of stakeholders. In this case, Spanish “irrigation communities” (ICs)
are modelled because they use a large share of water resources in Spain, because enough reliable
data from some communities is available to set up a core working model that may be extended to
other communities, and because they follow an innovation process that may be adapted to agricul-
tural communities elsewhere.

The approach is to build a simple agent-based model (ABM) —a population of farmer agents and a
socio-economic context that influences individual choices— to understand how the dispositions of
individuals to modernise propagate in the community and end up in the actual adoption or rejection
of the innovation (Sec. 9.3). In the model, individual decision-making is based on comparing the cur-
rent farm performance against the expected return (see [139]), as well as taking social influence into
account.

Themodel in this chapter explains a two-stagedadoptionofmodern irrigation technology—collective
and individual— with profit-driven individuals immersed in a social network where farm extension is
a proxy for social influence (Sec. 9.4). Individual decisions (unknown from data) are modelled, from
which the community adoption is simulated, fitting quite faithfully the actual adoption data. The cal-
ibration of the model was done with real data from two communities and indicated that, in these
cases in which agriculture is market-oriented and water scarcity is high, favourable modernisation
conditions arise from added-value crops, which are enabled by higher water allocations and greater
irrigation e�iciency (Sec. 9.5).

9.3 Background

Modernisationof irrigation systems is said to improvewaterusee�iciency [148]. In traditional commu-
nities, water is distributed by means of open channels, and applied using field ditches. A drawback
of such systems is their significant level of water losses. These contrast with modern systems with
pressurised networks and sprinklers or drip pipes —whose adoption is known as “modernisation”—,
that minimise water losses but consumemore energy.

An irrigation community (IC) is a group of agents that share a water allocation right, whose main use
is farm irrigation. In Spain, an IC has the power to plan and execute infrastructure projects, as long
as an assembly constituted by all its members agrees. This procedure is based on direct voting, for
which farmers hold a number of votes proportional to their farm extension. Actual modernisation
of an IC (the object of this simulator) is a two-stage process: (i) the community upgrades the shared
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infrastructure only when supporters of modernisation gather enough votes to pass the project; and
(ii) only then are farmers able to install drip or sprinkler systems in their own fields.

Di�usion of innovations is the process through which practices, ideas or products, are spread and
adopted over timewithin a social system [205]. Di�usion of innovations in ICs has been studied using
equation-basedmodels [10]. However, this modelling approach does not reflect agent heterogeneity
and does not reproduce farmers’ social interactions explicitly.

Agent-based models can overcome these limitations and have been used to study adoption of inno-
vations [63, 231, 275, 64]. Moreover, it allows to approach adoption-decision as a contingent phenom-
ena, inwhich farmersmay adopt a technology individually only a�er a prior collective agreement that
emerges from the same decision-making units.

A line in the agricultural domain has taken a socio-hydrology approach [239], combining human be-
havioural models with biophysical models, to focus, in particular, on water issues. Becu et al. [27]
presented the CATCHSCAPEmodel, whose central point was the impact of upstream agricultural wa-
ter management on the farming activity downstream, for which they considered a spatial represen-
tation of the watershed explicitly. Hu et al. [117] explored the use of groundwater for irrigation, and
introduced environmental, economic, social, and infrastructure aspects on agents’ decision-making
on groundwater pumping. They concluded that factors relevant in agents’ decisions were tempera-
ture, precipitation, groundwater level and crop prices —variables that are reflected in the presented
model, namely in water availability and climatologic conditions. However, that model lacked social
interaction between agents, since the agents represented aggregation of multiple farmers.

Similar to this work, Holtz & Pahl-Wostl [113] used ABM to conduct historical research in a Spanish
basin where irrigation agriculture was a key economic activity. However, they focused on land-use
changes and groundwater use. They considereddi�usionof irrigation technologies,multiple cropop-
tions, and cognitive biases as risk aversion and concluded that farmer models should consider more
values than profit orientation (e.g. lifestyle).

Berger [31] developed a model for assessing di�erent policy scenarios in the di�usion of innovations
and resource use changes. The model was based on cellular automatamodelling approach, since it
was considered that spatial dimensionwas essential in agriculturemodels. Although some of the po-
tentialities a�orded by the spatial representation are not included in the presentmodel (e.g. resource
distribution, nutrient di�usion, return flows, etc.), they are easy to be implemented in future work,
since the spatial dimension is already taken into account.

The usual approach of innovation-di�usion models base decision-making on utility functions [137],
and also consider contagion processes [10, 113, 31]. Although other non-economic variables might be
included in this function, it is assumed that most farmers (especially large-scale farmers) focus pri-
marily on economic utility as the driving value [29]. For instance, [231] categorised farmers according
to theirmotivation, distinguishing between large-scale farmers that pursued profit maximisation and
small-scale farmers interested in conservation of rural lifestyle. In this case study, it is approached a
class of ICs forwhich theprofit-driven assumption is plausible due to the regional socioeconomic con-
text. Nonetheless, it is recognised the need of considering additional values and interests (see [118]).

9.4 Model

The model represents an irrigation community (IC) as a set of farmer agents for which modernisation
is achieved in two stages (Fig. 9.2). The first one accounts for the commitment of collective moderni-
sation, in which each farmer evaluates whether it is worthmodernising its farm, and then, all farmers
need to reach a collective agreement based on an aggregation of their attitudes. In the subsequent
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Figure 9.2: Modernisation of an irrigation community as a two-stage process

Figure 9.3: Components of the modernisation model

second stage, once the community agrees tomodernise, individual farmersmay choose tomodernise
their own farms. Information from experts and field data from irrigation communities are used to de-
sign and calibrate themodel. Individual decisions (unknown from data) aremodelled fromwhich the
community adoption is simulated (comparable with actual adoption data). Thus, the model can be
used to gauge the proclivity of a given community tomodernise and reveals external actions thatmay
induce modernisation.

Five main types of data, drawn from several sources, are used as input for the model (Fig. 9.3, Ap-
pendix B). The individuals’ disposition to modernise (Stage 1) and their actual adoption (Stage 2) is
obtained as raw data, that then are aggregated to obtain the collective disposition and the adoption
curve, respectively. NetLogo is used a simulation platform.

9.4.1 Entities and Assumptions

Farmers are the only kind of agent in the model. They are characterised by the following attributes:
(i) farm area; (ii) farm location; (iii) supply support (capability to increase water supply by means of
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alternative sources, such as private wells); (iv) crop-inertia (reluctance to change crops in spite of po-
tential profitability); (v) risk-aversion; (vi) age; (vii) capital; (viii) past revenue (economic outcome of
the past agricultural season); and (ix) disposition towards modernisation. Attributes (i–vi) are based
on real-data (see Appendix B) and attributes (vi–ix) evolve as results of the simulation.1

Social influence is a key element in the modernisation process, since farmers use information from
other farmers to make decisions. Nonetheless, the replication of social networks in such agricultural
communities is not a trivial task: social interaction between farmers may happen in multiple occa-
sions (e.g. community assemblies, sporadic contact in town, familiar relationships, etc.). Indeed, this
particular phenomena justifies more fieldwork.

Farmers’ social network is based on two elements in this work: (i) spatial proximity and (ii) farm scale.
Although spatial proximity (i.e. social distance) generation model may ignore some aspects that are
relevant in social networks (for instance, thatwell-connectednodesaregenerally connectedwitheach
other), which is considered to be a plausible hypothesis for constituting a social network in a agricul-
tural community. Hamill & Gilbert [103] proposed a similar mechanism to generate social networks,
whose perception model is based on social circles (whose radius was labelled “social reach”).

Homophily in the social network is introduced with the consideration of the farm scale. The assump-
tion is that each farmer pays attention to similar neighbours, since their plots have similar farming
features and their experiences are likely to apply. Scale is defined on farm extension, following the
classification of [208] in Spanish communities: (i) small scale farmers are those that own between 0
and 20 hectares; (ii)medium scale, from 20 to 70 ha; and (iii) large scale, greater than 70 ha. Following
experts’ opinion and [29], it is assumed that all farmersmay be linked, but small scale and large scale
farmers do not influence each other.

Formally, farmer i and farmer jof the set of farmersAare connectedRpi, jqwhen thedistancebetween
them is below amaximum distance dmax and their farm scales are not small and large (Expr. 9.1). The
social networkNi of the farmer i (the other farmers it is connectedwith) is givenby Expr. 9.2. Note that
social networkNi is definedat the initialisation stepof the simulationand fix for thewhole simulation.

p@i, j P AqpRpi, jq Ø pdistancepi, jq ď dmaxq^

 pscalepiq “ small^ scalepjq “ largeq ^ pi ‰ jqq
(9.1)

@i P A, Ni “ tj P A : Rpi, jqu (9.2)

Farmers have dichotomous states in three issues: (i) farming their lands and participating in the com-
munity (active or inactive); (ii) adoption of the innovation (traditional ormodernised); and (iii) attitude
towards modernisation (willing to modernise or not willing to modernise). A farmer willing to mod-
ernise will vote for collective modernisation in Stage 1 and will modernise its individual plot if possi-
ble in Stage 2. Notice that willingness is a state, whose transition is determined by the disposition as
explained below (Eq. 9.6).

To start a simulation, all farmers start being active, traditional, not willing to modernise, and have the
crop that best suits their initial water availability.

The spatial scale of the model represents the farming area of the community. The model simulates
decades of activity through discrete one-year steps, although some submodels use one-month steps
(for instance, the crop yield estimation considers one-month steps). All the submodels are explained
in detail in Appendix A and data in Appendix B.

1To initialise the simulation, the age of farmers —attribute (vi)— is set with real data, but it also changes with time.
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9.4.2 Process Overview

The following procedures are executed sequentially each time-step (one year) (See Appendix A for
further details):

1. Update allocation: set water context variables, such as water allocation and water prices.

2. Water availability: determined by the water allocated to the farmer, expected rainfall, private
water supply (e.g. wells), and the e�iciency of the irrigation system (shared and individual irri-
gation infrastructure).

3. Crop choice: farmers choose one crop (froma list of options), aiming tomaximise their income.
For the sake of simplicity, crop choice depends only on water and crop-related variables. Crop
water requirements are calculated as the reference evapotranspirationmultiplied by a crop co-
e�icient (see [16]).

4. Update environment: precipitation and evapotranspiration are updated and memorised by
farmers to choose crops next year.

5. Production: Revenue := Income - Cost: Income is a function of crop market prices, farm area,
and crop yield, which is adjusted according to water stress (see [245]). Cost adds up the costs of
water, energy, farm inputs and amortisation of the individual’s irrigation system.

6. Activity?: farmers decide whether to stop farming or not depending on the revenue and the
capital they have.

7. Modernisation? (only Stage 1): farmers’ willingness tomodernise is defined by two processes:
individual decision-making and social influence.

8. Assembly (only Stage 1): farmers vote for or against collective modernisation.

9. Modernise (only Stage 2): those farmers who arewilling tomodernise their farms do so. There
is no strict dependency of this decision and what the farmers voted in the assembly.

10. Population evolution: farmers that reach the retirement age trigger a generational replace-
ment, and inactive farmers can become active again, transfer their land to a new farmer, or re-
main inactive.

9.4.3 Submodels

Stage 1: The community commits tomodernise

Individual decision-making: It is based on opportunity costs of traditional systems. Taking into ac-
count that modernisation would have brought a higher volume of available water, farmers evaluate
how it would have a�ected their economy. Revenue and expectation are calculated as the di�erence
between income and costs (Eqs. 9.3 and 9.4). In this specific procedure, past revenue considers the
traditional irrigation system (shared and individual), whereas expectation regards a modernised sys-
tem. Collective adoption costs are introduced as water costs (i.e. tari� scheme), whereas individual
costs are those of amortisation. These variables are di�erent in each time-step t, depending on the
decisions made by the farmer i and context variables.

PastRevenuei,t :“ Incomei,t ´ Costsi,t (9.3)
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Expectationi,t :“ Income
pmodernisedq
i,t ´ Costs

pmodernisedq
i,t (9.4)

Farmers must perceive that the utility of the expectation is greater than the past revenue (Eq. 9.5).
Provided that this condition is met, disposition compares expectation and past revenue including a
risk-aversion parameter γS1 (Eq. 9.6). This parameter is greater than or equal to zero; when it is zero,
the farmer has no risk aversion and will adopt the innovation as long as benefits are expected; on the
contrary, a large value for this parameter means that the farmer is averse to changes and will adopt
only if it entails significant profits. As the disposition ranges from zero to one, a negative result will be
considered as zero.

Expectationi,t ě PastRevenuei,t (9.5)

Dispositioni,t :“ 1´ γS1
PastRevenuei,t
Expectationi,t

(9.6)

Social influence: a farmer i receives an influence on its own disposition. The new disposition is is
the weighted average of the disposition of its neighbours (i.e. the agents that constituteNi), besides
its own disposition prior the influence. The weights are determined proportionally to their farm area
(namely, their farm areaAreaj divided by the total areaAreaT of the farmers in tNiuY tiu) (Eq. 9.7).

Dispositioni,t :“

tNiuYtiu
ÿ

j

Areaj
AreaT

¨Dispositionj,t (9.7)

State transition: Each year, the transition from not willing to modernise to willing to modernise is
based on a probability Pt (Eq. 9.8). This transition is bidirectional, meaning that farmers can change
their mind on whether to modernise or not. If the farmer was already willing to modernise (W ), the
complementary probability is used as the transition probability.

PtrW |  W s :“ Dispositiont Ptr W |W s :“ 1´Dispositiont (9.8)

Assembly: The communitywill commit tomodernise onlywhenmore thanhalf the votes are formod-
ernising (that is, all farmers may cast their votes but only farmers who are active and willing to mod-
ernise vote in favour). The number of votes each farmer has is proportional to its farm area.

Stage 2: Individuals modernise their plots

Individual decision-making: Theprocedure is the sameas in theStage 1, except that the risk-aversion
parameterγS2 is nowgreater thanbefore. According toexpert’s observations, in the first stage farmers
do not have to commit to adopt; and, furthermore, collective costs are shared among all community
members. However, in Stage 2 farmers will invest their own money in their own plot that they will
eventually have to pay with their own income. Therefore, their commitment is more fragile.

Social influence: it is based on imitation. Farmers who have not adopted observe those farmers in
their social network Ni who have already adopted and also are making a profit (Expr. 9.9) —thus,
they use a temporary social network N̂i,t. Then, they calculate an expected income from the average
revenue per unit of area (Eq. 9.10). More precisely, a farmer i at time-step t:

N̂i,t “ tj P Ni : pModernisedpjq “ trueq ^ pPastRevenuej,t ą 0qu (9.9)

Expectationi,t :“ Areai ¨

„

1

|N̂i,t|
¨

N̂i,t
ÿ

j

PastRevenuej,t
Areaj



(9.10)

Expectation must meet the previous condition (Eq. 9.5). A�erwards, a transition probability is cal-
culated as before (Eq. 9.6), but using a specific imitation risk-aversion parameter αt. This parameter
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decreases over time because, as time passes, knowledge about the innovation (both internal and ex-
ternal to the community) is higher, and imitation is less risky. This is represented by a reduction pa-
rameter ψ (in %) that updates (linearly) the imitation risk-aversion at the initialisation αt0 (where t is
the number of years since the initialisation at year t0) (Eq. 9.11).

αt “ αt0 ¨ p1´ ψtq (9.11)

State transition: Theprocedure is the sameasbefore (Eq. 9.8), except that it is not bidirectional, since
farmerswilling to modernise adopt the innovation immediately and never retract.

9.5 Simulation

Historical data from two Spanish irrigation communities is used: Alhama de Murcia and Campo de
Cartagena. Bothare located in theSegura riverbasin inSESpain (Fig. 9.4). In this region,water scarcity
is severe and the average annual precipitation is low (approximately 300 mm/year). Thus, ICs re-
ceive surface water transfers from the Tajo river and farmers o�en draw from groundwater resources.
Climatological conditions (i.e. evapotranspiration and precipitation) are regional normal values dur-
ing 1981–2010 and are assumed constant over time. Crop variables (i.e. crop coe�icients, yields, and
prices) are set using national sources [153, 202, 201, 154]. Following experts’ opinions, individualmod-
ernisation is assumed to cost 3,500 eur/ha, to be paid in a 5-year time framewith a 2.5% interest rate.
Global e�iciency of the irrigation system (taking into account distribution and application) is set as
„40% and„75% for traditional andmodernised systems, respectively. Finally, social networkmax-
imum distance is 4 km (see Fig. 9.5 as an example of spatial setup).

Figure 9.4: Location of studied irrigation communities in the Region of Murcia (Spain)

With regards to the actual modernisation process of the community as a whole, there is reliable data
for both communities. The data set of the two communities is not complete, fortunately they mostly
complement each other. Thus, given the similarities of the two ICs, the variables of each stage could
bemodelled drawingmainly on data fromone community. Validating social processes of empirically-
grounded models is di�icult and has to cope with many uncertainties [182]. Replicative validation is
considered at this point, comparing the simulation results with the real observations.
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9.5.1 Stage 1: Collective modernisation

This stage is modelled mostly with data from Alhama de Murcia. This community has 5,906 hectares
and 2,317 members. It started to operate in 1979 with a nominal allocation of 10,372,000 m3/year,
although since then, it has received only up to 50 %. In 1981, its General Assembly decided not to
participate in the modernisation plan of the region. Nonetheless, it decided to modernise in 2000.
Predominant crops in the area were citrus, grape, and other fruit trees and vegetables.

In order to simulate the collective disposition, data from 1979 to 2010 has been used. Water allocations
are published [13], as well as water prices [229]. Crop options are a representative crop type in the
aforementioned generic groups. Water fees are supposed to be 50 and 150 eur/ha/year, for traditional
and modernised infrastructure, respectively. According to experts, collective modernisation costs
are approximately 6,500 eur/ha with a payback period of 75 years. Data from a nearby community
(namely Campo de Cartagena) has been used to define the individuals’ attributes. In this stage, the
risk-aversion parameter γS1 in Eq. 9.6 is set empirically to 0.5 to fit observations, as done for Stage 2.
Simulations involved 440 agents and 300 runs for each experiment.

Results indicatean increaseof votes in 1985-1990and in 1995–2005—slightlyhigher—(Fig. 9.8). Figs. 9.6
and 9.7 show that they correspond with larger allocations and lower water prices, which enable new
crop options that lead to added-value crops (Fig. 9.9). Crop-inertia plays a key role because it favours
a change to crops with highermarginal water value (Fig. 9.8). During the 1985–1990 period, increased
water supply leads to a mixture of two crops (Fig. 9.9): one with a higher water marginal value and
lower water requirement (vegetables) and another with a lower watermarginal value but larger value
and larger water requirements as well (grape). In this period, most farmers that switch crops in the
high-crop inertia scenario, grow grapes because they have larger water supplies. In the low inertia
scenario, more farmers switch crops, including farmers with lower water supplies that allow them to
move only to lower value crops (they switch to vegetables but cannot produce grapes). In the 1995–
2005 period, inertia is less relevant because, due to the increased availability of water, producing
grapes is feasible for almost all farmers.

9.5.2 Stage 2: Individual modernisation

Thesecondstageof themodel is testedusingdata fromCampodeCartagena. It comprises37,433hectares
and theirpredominantcropswerevegetables, citrus, and fruit trees. [10] collecteddata tobuildequation-
based models of innovation di�usion for the period of 1975–2005. In that work, 360 farmers out of
3,237were thoroughly characterised (e.g.age, farmarea, support-supply, crop-inertia), and thewater-
related variables such as water allocations and water prices were given in detail.2 In the absence of
precise field data, representative crops in the region have been considered for the three predominant
types (vegetables, citrus, and fruit trees). As suggested before, risk aversion in this stage is larger be-
cause farmers are now committing their ownmoney. Thus, the risk-aversion parameter γS2 in Eq. 9.6
is larger than the corresponding γS1 in stage 1, namely, 1.085. The risk aversion when imitating αt0 is
1.970 with a reduction ψ of 2 % every year. These are equal for all farmers. In order to calibrate these
parameters, di�erent values for the risk-aversion parameters were tested against the actual adoption
curve (see Figs. 9.12 and 9.13).

Adoption is triggeredwhen innovators change crops anda�er that, themodel shows that it spreadsby
imitation, regardless of crop patterns (Fig. 9.10). The adoption curve that results from the simulation
resembles the typical logistic function, as expected, and fits the actual curve (Fig. 9.11).

2F. Alcón gave access to unpublished data from [10] that has been used to set these parameters.
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Figure 9.5: Example of spatial setup of Campo de Cartagena. The triangles represent farmers,
whose size is proportional to their farm area. Data on the location of farmers is provided at sector

level, in which they are randomly distributed.

Figure 9.6: Water allocations for Alhama de
Murcia during 1979–2010. They show
prominent peaks in 1985–1990 and

1995–2005. Campo de Cartagena allocation
distribution is similar, but volumes are

approximately twice as large.

Figure 9.7: Water prices for Tajo-Segura
transfers during 1979–2010. Prices increase
from 1979, have a valley during 2003–2005,
and then a steeper increase. These prices
have been used for Alhama de Murcia.

9.6 Discussion

Simulations show reasonable correspondences with the studied cases in Spain. Significant increases
in collective modernisation disposition are produced when farmers can leap to higher-value crops
that have a greater water demand. These results are consistent with other works [148, 194].

The model is validated with real data. No information on individual farmers’ behaviour and social
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Figure 9.8: Simulated collective disposition in
Alhama de Murcia during 1979–2010 under
standard (real data) and High (twice the

standard) crop-inertia.

Figure 9.9: Simulated crop types in Alhama de
Murcia during 1979–2010. Notice that crop
pattern change with high water allocations

and low water prices.

Figure 9.10: Simulated crop types in Campo de
Cartagena during 1975–2005. Crop pattern

change with high water allocations.

Figure 9.11: Simulated adoption curve in
Campo de Cartagena during 1975–2005.

interactionswas available beyond descriptive expert knowledge and agent attributes (e.g. farmarea),
but highly aggregated IC data (e.g. the adoption curve) was published. Comparing the actual results
with the simulated output—that emerged from simulated individuals’ behaviour and social influence
models— indicated that they matched quite well.

The model presented in this chapter identifies when favourable conditions appear. In other words,
what is relevant is the evolutionof the collectivedisposition and its localmaxima. Although themodel
has been calibrated to reflect credible voting results, additional empirical data about agents’ resolu-
tions is likely to improve calibration.

It can be deduced from the model that when water availability is too high, farmers do not perceive
modernisation as advantageous, since their water demand would be completely satisfied and costs
will increase unnecessarily. In other words, if farmers have as much water as they need to grow the
highest water-demand crop —despite the water losses of the traditional system—, ‘modernisation’
is not attractive at all because it does not produce any extra profit. Although water losses are lower
because of the innovation, they already have the volume they need for the chosen crop. In this case,
“modernisation” does not lead to anything but higher costs.
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Likewise, if water availability is low due to short allocations, farmers will notmodernise since produc-
tion increases do not compensate the costs or they cannot leap to higher-water-demand crops. Fur-
thermore, uncertainty, and not only availability, a�ects decision-making [11]. This uncertainty could
arise from environmental variables (rainfall resources and extreme weather events) or institutional
reliability (whether the river basin authority or community can ensure the entire water allocation and
water prices). Uncertainty has not beenmodelled explicitly in themodel beyond the risk-aversion and
the imitation risk-aversion parameters.

Varying risk-aversion supports intuitive results: the greater the risk aversion, the lower the adoption
rate. Fig. 9.12 shows that a risk-aversion γS2 ą 1, (i.e. statu quo weighs more than future expecta-
tions) entails delayed adoption curves. Lower values for the parameter lead to a significant number
of adoptions at the beginning, that are delayed by a period of low water allocations (Fig. 9.6) —since
greaterwater availability due tomodernisation does not result in higher profits—, and then recover to
slowly enter in a stationary phase. Notice that the “exponential growth” in the adoption curve is still
notable for γS2 ą 1, which reflects that the delaying factor is presumably the lack of early adopters
that spread the innovation (who decide to adopt at the end of the period, when highest water alloca-
tions are provided)—which also explains the deviation in simulation results. This exercise reveals the
considerable sensitivity of the parameter: for instance, valuing the statu quo only 0.85 in comparison
to the expectation (see Eq. 9.6) leads to a quite di�erent adoption curve.

Similarly, imitation risk-aversion αt0 shows higher sensitivity when αt0 ă 2 (Fig. 9.13). For greater
values (αt0 ą 2), e�ects are reduced with respect to the base line, which may reveal that imitation,
despite occurring, is infrequent. In other words, as the imitation risk-aversion parameter increases,
the “social e�ects” are practically suppressed.

Since the shape of the estimated adoption curves follows a logistic curve as expected, the choice of
the values for risk aversionparameters is guidedby the extremes of the actual adoption curves. Better
grounds for fixing risk aversionparameters should come from field data from these andother commu-
nities. However, as incidental support to this approach, notice that the shape of the estimated curves
not only fits nicely the rest of the interval but also reproduce the “bumps” of the actual curves. Thus,
for example, the model estimates that adoption is almost absent in periods of low water allocation
(1981–1984 and 1987–1994 in Fig. 9.6), a phenomenon that is also visible in the real adoption curve
and is easily observable in Fig. 9.13.

Figure 9.12: Simulated adoption curves in
Campo de Cartagena using di�erent values for

risk-aversion γS2, compared with the
observed data. Bands that surround curves
represent the deviation in simulation outputs.

Figure 9.13: Simulated adoption curves in
Campo de Cartagena using di�erent values for
imitation risk-aversion αt0, compared with the

observed data.
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Modernisation a�ects the e�iciency of the irrigation infrastructure, but it requires a proper manage-
ment as well [61, 172]. Although these factors were not introduced in the model, it is expected that
an e�icient management would accelerate adoption and di�usion because of two reasons: (i) a poor
management implies that not all potential benefits are entirely exploited, makingmodernisation less
attractive to farmers; and (ii) untrained farmers are less successful, hence less likely to be imitated
by other farmers. Since in this model imitators only perceive the consequences of the modernisa-
tion —i.e. revenue and not the new crop options— they fail to assess the total benefits. According to
the simulations, this social influence is relevant for the second stage: without it, only „70 % of the
farmers eventually adopt (Fig. 9.14). This also suggests that an appeal to profit-driven motivations is
more likely to be successful when it is addressed to opinion leaders in those communities that are
market-driven, able to adopt new crops and threatened with water limitations.

Figure 9.14: Simulated adoption curves in
Campo de Cartagena for two scenarios:

standard (actual adoption process) and no
social influence (i.e. without social network).

Experts have proposed other conditions for modernisation that could be approached as extensions
of the current model. Two are noteworthy: (1) [179] reported that some farmers were deceived: while
modernisation was o�ered for free or strongly subsidised, in practice farmers had to pay for it, which
hindered financial sustainability. In the presented model, it means that farmers used optimistic val-
ueswhich led to collectivemodernisation that would not have happened if they had not beenmisled.
(2) In this model, collective decision is approached as a bottom-up aggregation of individual disposi-
tions, a reasonable assumption for communities in which the social structure is horizontal. However,
in some communities there is a small number of promoters of modernisation who try to influence
other members to vote in its favour: politicians or community presidents promote modernisation in
order to gain recognition or increase power (see [215]). In this case, only a few agents would decide
(Eqs. 9.3–9.6), and the di�usion model (Eq. 9.7 and social network building) would consider other
social characteristics to weigh the influence.

Edmonds [71] pointedout theproblemsof representingopinions as numericalmeasurements, and in-
dicated the concernswhenusing such approach in causalmechanismsof the simulationmodel. Thus,
representing the disposition to modernise by a simple numerical score, and use it in particular social
influence functions, are strong assumptions. Modernisationmaybemotivated (or rejected) by combi-
nations of other values besides economic profit: for instance, comfort, time savings due to automati-
sation, sense of progress, etc. In otherwords, decisions aboutmodernisation arise, presumably, from
a more complex model of rationality (which not only takes economic profit into consideration). This
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points for further research in how to work with values in computational models.

For these reasons, and although the results are encouraging, more field research is needed to better
ground some assumptions in the model —for example, non-economic values (e.g. tradition, power,
etc.), risk-aversion and crop-inertia parameters, social network generation— to apply it in communi-
ties whose socio-hydrological characteristics are di�erent from the ones whose data has been used.
Consequently, fieldwork should be done to further explore the farmers’ values and their understand-
ings —as pointed out by [118]—, since this will shape how the behaviour of the artificial farmer agents
is modelled (see also [110, 219]).

Finally, it is convenient to remark thatmodernisationhasbeenquestioned fromaperspective focused
on environment conservation perspective [150, 148, 193]. It has been suggested that modernisation
leads to farming intensification (e.g. extension of the farming area, double-cropping, or the adoption
of crops with higher water demand), eventually increasing the use of water resources. One of the
reasons, for instance, is that farmers are forced to intensify their production in order to compensate
higher energy costs —phenomena that is aggravated because energy prices are continuously rising,
while prices in agricultural markets follow a downward trend [150].

Although farming intensification in the model can only be produced by the adoption of crops with
higher water-demand, the aforementioned phenomena is reflected in the simulations. Three sce-
narios have been simulated for Campo de Cartagena: (i) a standard scenario, where farmers adopt
progressively (as they do in Fig. 9.11); (ii) a traditional scenario, in which individual farmers keep using
traditionalmethods anddonot adoptmodern technology at any time; and (iii) amodernised scenario,
in which farmers adopt the technology from the start of the simulation. As Fig. 9.15 shows, the three
scenarios are almost identical and modernisation results in low water savings. What modernisation
actually promotes is water productivity (Fig. 9.16) —which is, in fact, more sensitive to water alloca-
tion changes.3 This indicates one of the trade-o�s that public policy has to deal with, and di�erent
understandings of what ‘e�iciency’ is in this particular domain (see also [193]). Therefore, it has been
suggested that additional policy instruments are necessary if environment conservation (namely, wa-
ter savings) is pursued, such as updating water allocations and water tari�s (see [148]).

9.7 Closing remarks

An agent-based model to explain modernisation of the irrigation system in farmer communities has
been presented in this chapter. Modernisation is modelled as a contingent innovation-di�usion pro-
cess: a first stage where the community establishes a collective agreement to modernise —based on
individuals’ dispositions— followed by an individual adoption decision. The model was built using
historical data (1975–2010) from two Spanish irrigation communities where water is scarce and ef-
ficient irrigation (resulting in higher water availability) enables more profitable crop types that are
commercially consolidated.

The model is predictive for modernisation under such particular conditions. It can be used by policy
makers to foster modernisation in similar contexts, to incentivise or subsidise the emergence of the
propitious conditions, or to either dismiss modernisation or identify (alternative) non-profit driven
motivations.

Although results are promising, it is recognised that this model has some limitations. Conceptually
speaking, bounded rationality of farmers should be further improved using more fieldwork. Also,

3Water productivity is calculated as the revenue (Eq. 9.3) divided by the gross water volume used from the water alloca-
tion (that is, before water losses). The gross water volume relative to the area (Fig. 9.15)may not reach the level of the water
allocation (Fig. 9.19 in Appendix B) because (i) the allocation is distributed equally among thewhole crop season, but (ii) the
crop requirements are di�erent for eachmonth.
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Figure 9.15: Simulated average water use
(m3/ha) in Campo de Cartagena from the
water allocation (Fig. 9.19 in Appendix B) for
di�erent scenarios: standard (actual adoption
process); traditional (farmers never adopt);
modernised (farmers adopt from the start).

Figure 9.16: Simulated average water
productivity (eur/m3) in Campo de Cartagena
for di�erent scenarios: standard (actual

adoption process); traditional (farmers never
adopt);modernised (farmers adopt from the

start).

some of the assumptions made to simplify the model or due to lack of data could be improved in
further versions (e.g. there is no lag between crop-decision and crop-production, which may be in-
appropriate for tree-type crops; constant and current crop prices; etc.). Moreover, input from experts
and available data may have driven the modelling process towards some consolidated worldviews
about farmer communities.

Moreover, despite the fact that this model puts emphasis on water economy, the model could be
extended to consider a broader approach for policy-making, namely taking the Food-Energy-Water
nexus into account. As Cai et al. [46] pointed out, ABM is a promisingmodelling approach to consider
that perspective. Besides, the case presented in this chapter is particularly interesting, as it combines
agricultural economy, water governance, and the use of energy-intensive technologies [148, 150].

9.8 Appendix A: Submodels

This appendix complements Sec. 9.4. For the sake of simplicity, the subindex t (time-step) in all for-
mulas, where time-step is one year, is omitted.

9.8.1 Water availability

Farmers estimate the expected volumeofwater available to irrigate for that year. This volumeofwater
resources is given by:

— Thewater allocation of the community,Wallocation, for that particular year.

— The supply support Si, which represents the share of the supplied water resources withdrawn
fromalternative sources likeprivatewells. Therefore, this volumeWsupport,i is calculated (Eq.9.12):

Wsupport,i :“
Si ¨Wallocation

1´ Si
(9.12)
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— The e�ective precipitation, Pe, that is the fraction of precipitation that can be potentially used
by crops, considering that there is a fraction that leaves the system (as runo�, for instance). It is
assumed that only 75 % of the total precipitation P is e�ective precipitation.

— The irrigation infrastructure (constituted by the collective distribution and individual applica-
tion systems), that determines the fraction of water that leaves the system (as leakage or evap-
oration) and cannot be used in crop evapotranspiration (Table 9.2).

The irrigation infrastructure determines the amount of water that is actually applied to the crop. A
fraction of the total volume of water leaves the system due to system losses (i.e. leakage or evapora-
tion). Thus, considering the e�iciency of water distribution µd and the e�iciency of water application
µa,i (that depends on the farmer), thewater allocationWallocation is reduced to (Eq. 9.13):

W 1
allocation,i :“Wallocation ¨ µd ¨ µa,i (9.13)

Likewise, the support is reduced to (Eq. 9.14):

W 1
support,i :“Wsupport,i ¨ µa,i (9.14)

Table 9.2: Irrigation infrastructure e�iciencies

System Collective, Distribution (µd) Individual, Application (µa,i)

Traditional 0.75 0.55

Modernised 0.85 0.90

9.8.2 Water partition

It is assumed that the water allocation and supply support is distributed uniformly along the season
—those months in which the crop requires to be irrigated, that is, Kc,j ‰ 0 for month j—, although
it is recognised that other considerations could be done at this point (for instance, that the volume is
distributed equally along all the year regardless of the crop requirements).

Considering that the season comprises m months (i.e. the number of months with Kc ‰ 0) (see
Table 9.4 in Appendix B), then, the available water for each is (Eqs. 9.15 and 9.16):

W 1
allocation,i,m :“

W 1
allocation,i

m
(9.15)

W 1
support,i,m :“

W 1
support,i

m
(9.16)

9.8.3 Water irrigation

This procedure is done along the year for all themonths. If the crop requires to be irrigated inmonth j
(Kc,j ‰ 0), then the farmer i uses all the water available for that month (Eq. 9.17):

Wi,j :“W 1
allocation,i,m `W

1
support,i,m ` Pe,j (9.17)

97



Chapter 9. Case study: Modelling contingent technology adoption in farming irrigation communities

The water requirement for crop c is calculated as the reference evapotranspiration ET0,j (which de-
pends on climatological variables, such as temperature) multiplied by the crop coe�icientKc,j [16]
(Eq. 9.18):

ETc,j “ Kc,j ¨ ET0,j (9.18)

Then, the available water is compared to the required water to determine the volume of irrigation
water I. Two cases are identified:

— Case (a): Wi,j ě ETc,j , which means that there is enough water to satisfy the crop water re-
quirement. In this case, the farmer uses only the required volume (not all the available water)
(Eq. 9.19):

Ij :“ ETc,j (9.19)

— Case (b): Wi,j ă ETc,j , which means that the crop is under water deficit conditions. In this
case, the farmer uses all the water that is available, although it does not satisfy the water re-
quirement (Eq. 9.20):

Ij :“Wi,j (9.20)

Notice that water used to irrigate has di�erent sources (see Eq. 9.17). Accordingly, the farmer uses the
di�erent sources following a policy of minimising the cost of water. With this in mind, the first source
to be used is precipitation, then the community allocation (Eq. 9.15), and finally the individual sources
(Eq. 9.16), which are assumed to bemore expensive than the other sources—mainly because they are
groundwater resources and also not all the agents have access to them.

9.8.4 Crop yield estimation

Crop yield is estimated using the following relationship [245] (Eq. 9.21):
„

1´
Ya
Ymax



“ Ky

„

1´
ETa
ETmax



(9.21)

where Ymax and Ya are themaximumand actual yields,ETmax andETa are themaximumand actual
evapotranspiration, andKy is a yield response factor, which determines the e�ect of a reduction in
evapotranspiration on yield losses —that is, when the volume of irrigation does not satisfies the crop
requirement (Case (b))— (see Table 9.4 in Appendix B).

In the model, crop yield is addressed as follows:

1. First, the evapotranspiration ratio ETa{ETmax is calculated for each month j. Using the vari-
ables as named in the previous submodels, it is computed as (Eq. 9.22):

ξj :“
Ij

ETc,j
(9.22)

Notice that this ratio cannot be greater than one; if it is, it has to be set to 1.

2. Second, the yield ratio Ya{Ymax is obtained following Eq. 9.21 considering the crop yield re-
sponse factorKy,c (Eq. 9.23):

λj :“

ˆ

Ya
Ymax

˙

j

“ 1´Ky,cp1´ ξjq (9.23)
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3. Third, the average of the yield ratio is estimated for the whole crop season (that comprises m
months) (Eq. 9.24):

λ̄ “
1

m

m
ÿ

j

λj (9.24)

Accordingly,

— In Case (a), crop requirements are satisfied. Each additional water unit does not increase the
crop yield, since the maximum production is reached. If farmers are considering to modernise
their systems, the investment is less attractive, since the yield for that crop c does not change
with more water.

— In Case (b), the crop is under water deficit conditions. Each additional water unit increases
the crop yield. Due to this fact, modernisation is more valuable, since it can lead to a greater
productionwith the samewater allocation (because lesswater is lost by leaks andevaporation).

9.8.5 Production

In this procedure, the economic output of farmers is computed.

First, the crop production is estimated (in tonnes), taking into account the actual crop yield (Eq. 9.24)
and the characteristics of the crop (Table 9.4 in Appendix B) (Eq. 9.25). It can be used to calculate the
income (in euros) (Eq. 9.26).

Productioni,c :“ λ̄ ¨ Ymax,c ¨Areai (9.25)

Incomei,c :“ Productioni,c ¨ Pricec (9.26)

Second, the farmer has to cover the costs of the activity. There are two main costs: (i) on the one
hand, there are individual costs that are associated to the water application system and to farming
as a productive activity; (ii) on the other hand, there are collective costs that are associated to the
administration of the community and its collective water distribution infrastructure (i.e. investment,
operation, maintenance, etc.). These costs are covered by water fees, which are established by the
irrigation community, that are paid individually by all the farmers of the community. These fees are
implemented by means of di�erent water tari� schemes:

— A tari� schemewhose pricing is proportional to the farmers’ irrigated area. This scheme is used
by traditional communities (i.e. non-modernised).

— A tari� schemewhose pricing is a binary cost-allocation scheme: a fixed fee that is proportional
to the irrigated area, plus a variable fee proportional to the volume of water used. This scheme
is used by those communities that havemodernised their collective distribution infrastructure.
Some communities may base their water fees entirely on the variable term.

With this in mind, a farmer i has to consider multiple costs:

— Costs of waterCw,i (Eq. 9.27 for traditional communities and Eq. 9.28 for modernised commu-
nities):

Cw,i :“ feew,trad ¨Areai (9.27)

Cw,i :“ feew,mod ¨Areai ` Uw ¨Areai ¨
Iallocation,i

µa,i
(9.28)

where feew is the fixedwater fees for the community (which is di�erent depending on the com-
munity has its collective infrastructuremodernisedornot) in eur/ha;Uw is the variablewater fee
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(i.e. water price) in eur/m3; Iallocation,i is the total volume of irrigation (i.e. all the year) in m3/ha
(see Eqs. 9.19 and 9.20) whose source is the water allocation of the community, andwhich is di-
vided by the e�iciency of applicationµa,i to obtain the actual registered volume at the entrance
of the farm.

— Costs of operation andmaintenance of the farmCO&M,i (Eq. 9.29):

CO&M,i :“ UO&M ¨Areai (9.29)

where UO&M are the unitary costs of operation and maintenance in eur/ha (that are assumed
to be 7,000 eur/ha in the simulation). This cost adds up the costs of farm inputs, fuel, etc.

— Costs of private supplyCp,i (Eq. 9.30):

Cp,i :“ Up ¨Areai ¨
Isupport,i
µa,i

(9.30)

whereUp is the unitary cost of the private water sources in eur/m3; Isupport,i is the total volume
of irrigation (i.e. all the year) inm3/ha (seeEqs. 9.19 and9.20)whose source is private, andwhich
is divided by the e�iciency of application µa,i to obtain the actual volume taking into consider-
ation application losses. In the simulation,Up is assumed to be twice the feew,mod.

— Costs of amortisationCa,i (to replace the individual application system).

The total cost is calculated as (Eq. 9.31):

CA :“ Invi `
T
ÿ

t“1

Invi ¨ p1´
t

T
q ¨ r (9.31)

where Invi is the total investment given by the unitary cost of the application system Ut in
eur/ha (which is assumed tobe constant—that is, no scale economies) and the farmareaAreai;
r is the interest rate; andT is the lifespan of the technology. For traditional application systems
(i.e flood irrigation or field ditches), Ut is assumed to be 600 eur/ha, while it, for modernised
application systems (i.e. drip or sprinkler irrigation), is 3,500 eur/ha. The interest rate r is set to
2.5 %, and the lifespan is 15 years for both systems.

With this in mind, and considering equal payments along the lifespan, the amortisation cost is
(Eq. 9.32):

Ca,i :“
CA

T
(9.32)

Then, the total costs for a farmer i are calculated as (Eq. 9.33):

Costsi :“ Cw,i ` CO&M,i ` Cp,i ` Ca,i (9.33)

Finally, the revenue is computed as the di�erence between the income (see Eq. 9.26) and the costs
(see Eq. 9.33) (Eq. 9.34):

Revenuei :“ Incomei,c ´ Costsi (9.34)

9.8.6 Crop choice

In this procedure, farmers choose the crop type for their farms in order to maximise their revenue.
Nonetheless, theymay be reluctant to change crops in spite of potential profitability due to risk aver-
sion, specialisation, comfort, etc. All these factosr are reflected by crop-inertiaφ. It is implemented as
(Eq. 9.35):

Pirchange crops “ 1´ φi (9.35)
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If this event is unsuccessful, the farmer will grow the same crop as the previous year. On the contrary,
if the event is successful, the farmerwill explore themultiple crop options (see, for instance, Table 9.4
in Appendix B). This considerationmay be seen, somehow, as path-dependence on farmers’ decision-
making (as their decision depends, to some degree on their current land-use).

Taking into account the actual irrigation system (i.e. collective and individual), and using the previous
submodels (namely, water availability, water partition, water irrigation, crop yield estimation
and production submodels), it is possible to estimate the actual revenue for each crop option. The
chosen crop is the crop option that maximises their revenue.

9.8.7 Actual production

Assuming that a farmer has chosen a crop, and using the previous submodels (namely,water avail-
ability,water partition,water irrigation, crop yield estimation, production, and crop choice sub-
models), the actual revenue of the farmer can be computed, which determines the variations of their
capital. The farmer thenmemorises this revenue as past revenue (Eq. 9.3).

9.8.8 Modernisation?

Note: as this submodel has been explained in Sec. 3, this subsection will only provide some further
details, and will not reproduce again the entire submodel.

In Stage 1, farmers evaluate howmodernisationwill impact on their economy. To do so, they compare
the resultsbetween thecurrent irrigation system(that is, traditional collectiveand individual systems)
against a modernised irrigation system (both collective and individual systems). Generally, moderni-
sation may increase the water availability, which can open new crop options that lead to greater in-
come. However, costs also increase, mainly due to the investment that has to bemade to install such
systems.

In specific terms, farmer compare the revenue (Eq. 9.34) that is produced using the current traditional
system (Eq. 9.3) with the one that is produced using a modernised system. Namely, an expectation is
generated (Eq. 9.4) making use of the previous submodels (i.e. water availability, water partition,
water irrigation, crop yield estimation and production submodels) assuming that a modernised
irrigation system is being used. This expectation is then compared to the past revenue (Eq. 9.5).

Notice that the individual modernisation costs (Eqs. 9.31 and 9.32) may take into account di�erent
payback periods (for instance, in the simulation, farmers evaluate modernisation as they would have
to pay the investment in 5 years).

In Stage 2, farmers use the sameprocess of decision-making, but the conditions have changed slightly
(the risk-aversionparameter, thecollective infrastructure, and thesocial influenceprocess) (seeSec. 3).
Once the community decides tomodernise their collective infrastructure (that is, the community goes
from the Stage 1 to the Stage 2), farmers are not willing to modernise their individual application sys-
tems any more, and have to make the decision again with the new conditions.

9.8.9 Assembly

In Stage 1, the community holds an assembly to pass the proposal of modernising the collective in-
frastructure. The system is based on direct voting, in which each member of the community has a
specific number of votes proportional to the area of its farm.
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The community will commit tomodernise only whenmore than half of the votes are formodernising.
In practice, thatmeans thatmore than 51%of the area of the community is subject to bemodernised,
as the farmers who own that extension are willing to modernise. Besides, a farmer cannot have 51 %
of the votes by itself (that is, at least two farmers have to vote in favour).
For the sake of simplicity, only farmers who are active andwilling to modernise vote in favour.

9.8.10 Activity?

Each year, farmers decidewhether to quit or not depending on the revenue from theprevious seasons
and the capital they have.
If the actual revenue is negative (that is, the farmer is losingmoney), the farmer ismore prone to quit:
facing three consecutive years of negative results will force the farmer to become inactive and leave
their farm unproductive. Likewise, if the individual capital drops to below than 0 eur, then the farmer
will become inactive too.

9.8.11 Population evolution

Each year, farmers’ age increases by one. This can lead them to reach the retirement age and trigger
a generational replacement.
When farmers reach the retirement age, they can either (a1) be replaced by a new farmer or (b1) retire
and leave the farm unproductive (for instance, because they do not manage to find a successor). In
this model, the retirement age has been set to 80 years old; the probability of event (b1) is 0.60; and
the probability of event (a1) is the complementary.
In case of event (a1), the new farmer is between 18 and 45 years old, and not willing tomodernise (that
is, the decision process has to be made again). Notice that, if the individual system of the farm has
been already modernised, the new farmer has no decision to make in that matter.
Moreover, inactive farmers can (a2) remain inactive, (b2) become active again, or (c2) transfer the land
to a new farmer.
It has been assumed that the probability of event (a2) is 0.80, and the probability of both events (b2)
and (c2) is the complementary. In this latter case, the probability of event (c2) is 0.05. As before, the
new farmer is between 18 and 45 years old, and not willing to modernise (that is, newcomers have to
make the decision process again).

9.9 Appendix B: Input data

A summary of the input data for the simulations can be found in Table 9.3.

9.9.1 Crop options and characteristics

According to Alcón [10], in Campo de Cartagena, predominant crops are vegetables, citrus, and fruit
trees—at that time, theyaccounted for 51%, 35%and8%, respectively. InAlhamadeMurcia, predom-
inant crops included citrus (45%), vineyards (35%), and vegetables and fruit trees (20%) in 2018 [14].
Table 9.4 shows the crop options that have been considered in the simulation. Crop characteristics
(i.e. evapotranspiration factors, maximum yield, prices, and yield response to water stress) were col-
lected from diverse sources [245, 16, 153, 202, 202, 154]. In the absence of precise field data, represen-
tative crops in the region have been chosen for each predominant crop type: namely, orange (Citrus),

102



A value-based approach to ABS for policy assessment

Table 9.3: Summary of input data

Variable Input Sources

Crop factorsKc See Table 9.4 [16, 154]

Crops Yield water responseKY See Table 9.4 [245]

Maximum yield Ymax See Table 9.4 [153, 202, 201]

Crop prices Pricec See Table 9.4 [153, 202, 201]

Climate
E�ective precipitation Pe See Table 9.5 AEMET

EvapotranspirationET0 See Table 9.5 AEMET

Water pricesUw See Figs. 9.18, 9.20 [10, 229, 13]

Water
economy Water allocationsWallocation See Figs. 9.17, 9.19 [10, 13]

Water fees feew,trad (Stage 1) 50 eur/ha Set by experts

Water fees feew,mod (Stage 1) 150 eur/ha Set by experts

Farmers

Age See Table 9.6 [10], INE

Farm areaAreai See Tables 9.7, 9.8 [10, 14]

Supply-support Si See Tables 9.9, 9.10 [10]

Crop-inertia φi See Tables 9.11, 9.12 [10]

Risk aversion γS1 (Stage 1) 0.5 Set by authors

Risk aversion γS2 (Stage 2) 1.085 Set by authors

Imitation risk aversion αt0 (Stage 2) 1.970 Set by authors

Imitation risk aversion reduction ψ (Stage 2) 2 % Set by authors

Unitary costUt 3,500 eur/ha Set by experts
Individual
moderni-
sation

Interest rate r 2.5 % Set by experts

Payback period T 5 years Set by experts

lettuce (Vegetable), peach (Fruit-tree), and lettuce + watermelon (Vegetable2). Grape is only available
for Alhama de Murcia.
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Table 9.4: Crop options and crop characteristics used in the simulation

Crop KC Ymax KY Price

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 T/ha (–) eur/T

Null 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Citrus 0.5 0.5 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.6 0.5 0.5 40 0.85 390

Fruit-tree 0 0.4 0.6 0.8 1.0 1.0 0.7 0.2 0 0 0 0 30 1.1 550

Vegetable 0.4 0 0 0 0 0 0 0 0 0.6 0.9 0.9 30 1.15 150

Vegetable2 0.4 0 0.2 0.3 0.9 0.9 0.6 0 0 0.6 0.9 0.9 55 1.1 275

Grape 0 0 0 0.5 0.6 0.7 0.7 0.3 0 0 0 0 26 0.85 765

9.9.2 Climatological conditions

Climatological conditions (i.e. reference evapotranspiration ET0 and precipitation P ) are regional
normal values permonth during 1981–2010.4 In the absence of precise historical meteorological data,
they are assumed constant over time (that is, each year values are repeated).

E�ective precipitation (Pe) is the fraction of precipitation that can be potentially used by crops, con-
sidering that there is a fraction that leaves the system (as runo�, for instance). It is assumed that only
75 % of the total precipitation is e�ective precipitation (although it is recognised that more sophisti-
cated models are available to estimate this fraction). These variables are usually given in millimetres
or L/m2; they have been converted to m3/ha to facilitate the operation with crop-related models.

Table 9.5 shows the climatological conditions —for each month of the year— that have been used in
the simulation.

Table 9.5: Climatological variables used in the simulation (in m3/ha)

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12

ET0 561 638 880 1153 1428 1740 1791 1625 1200 865 590 497

Pe 192 145 163 242 151 23 13 17 140 343 229 247

9.9.3 Water prices and water allocations

For Alhama de Murcia, water fees are supposed to be 50 eur/ha/year for the traditional collective in-
frastructure (see Eq. 9.27). For the modernised collective infrastructure, water fees are supposed to
be 150 eur/ha/year (fixed fee), to which the variable fee that depends on the volume used to irrigate
and the water price has to be added (see Eq. 9.28). Water allocation and water prices can be seen in
Figs. 9.17 and 9.18. This data was obtained from [13, 229]. 5 6

4http://www.aemet.es/es/serviciosclimaticos/datosclimatologicos/valoresclimatologicos?l=7031&
k=mur

5https://www.cralhama.org/el-trasvase-tajo-segura-y-los-regadios
6http://www.scrats.es/tarifas-vigentes.html
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For Campo de Cartagena, the tari� scheme is based entirely on the volumetric term (see Eq. 9.28).
Water allocation andwater prices can be seen in Figs. 9.19 and 9.20. This data was obtained from [10].
Notice that, for both communities water allocations follow a similar distribution, although Campo de
Cartagena’s is almost twice as large.

Figure 9.17: Water allocations for Alhama de
Murcia during 1979-2010

Figure 9.18: Water prices for Tajo-Segura
transfers during 1979-2010 used for the

simulation of Alhama de Murcia

Figure 9.19: Water allocations for Campo de
Cartagena during 1975-2005

Figure 9.20: Water prices for Campo de
Cartagena during 1975-2005

9.9.4 Farmers characterisation

F. Alcónmade available unpublished data from [10] that has been used to characterise farmers in the
model. Alcón conducted field surveys and collected data about farmers in Campo de Cartagena. Con-
sequently, access to individual agent’s data for variables such as age and farm area as available, but
in this appendix only aggregated data is shown due to privacy concerns.

In the absence of data for Alhama de Murcia, data from [10] was used to characterise farmers in that
community. For this purpose, the values for farmers variables were randomised using normal distri-
butions whose mean and deviation were obtained from the sample of Campo de Cartagena.
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Age

Table9.6 shows the characterisationbyageof farmers. InCampodeCartagena,agewascharacterised
according to [10]. In AlhamadeMurcia, agewas set following the statistical distribution from theSpan-
ish agricultural census in 2009.7 In this latter case, as only aggregated data was available, a random
value in the range was generated following a uniform distribution.

Table 9.6: Age distributions used in the simulation

Age range Alhama de Murcia proportion (%) Campo de Cartagena proportion (%)

<25 0.3 0.3

25–34 4.5 12.5

35–44 13.6 28.7

45–54 22.3 19.8

54–64 26.3 22.8

>65 33.0 15.9

Farm area

Table 9.7 shows the distribution of farmers by farm area in Campo de Cartagena, which was set ac-
cording to [10].

In Alhama deMurcia, field data was available, but it does not allow a precise characterisation of farm-
ers [14].8 They provide the total number of farms, and their distribution by areas using broad ranges
—which are followed in Table 9.8—, as well as the total area for each category. Noteworthy, most of
the farms are below 1 ha. Notice that these data are referred to farms, not to farmers. For this reason,
this data needs some conversion.

The same proportion of farms in each category is used to determine the proportion of farmers in that
same category. Then, using the total area of that category, it is obtained an average area per farmer.
Following the same categories, and using the data from Campo de Cartagena, a deviation for each
category is obtained. With this average area and area deviation in mind, farmers’ farm area were ran-
domised using normal distributions (assuming a minimum and maximum areas of 0.1 and 500 ha,
respectively). Table 9.8 shows the distribution of farmers by farm area in Alhama de Murcia.

Supply-support

For Campo de Cartagena, supply-support was inferred from the data collected by [10] with the ques-
tion: “Water usedon the farm: Origin (i.e. surface, groundwater), Source, andUse share (%)”. With this in
mind, supply-support was assumed to be the value of the use share. Table 9.9 shows the distribution
of farmers by supply-support in Campo de Cartagena.

7https://www.ine.es/jaxi/Tabla.htm?path=/t01/p042/a2009/prov00/l0/&file=1101.px&L=0
8https://www.cralhama.org/distribucion-de-cultivos-propiedad-y-sistema-de-riego/
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Table 9.7: Farmers distribution by farm area in Campo de Cartagena

Category Proportion (%)

< 1 ha 3.9

1–2 ha 4.2

2–5 ha 10.0

5–10 ha 13.1

10–20 ha 22.3

20–30 ha 11.7

30–50 ha 17.5

50–70 ha 6.7

70–100 ha 3.3

ě 100 ha 7.2

Table 9.8: Farmers distribution by farm area in Alhama de Murcia

Category Proportion (%) Average area per farmer (ha) Area deviation (ha)

< 1 ha 67.1 0.572 0.250

1–5 ha 28.4 2.612 0.940

5–10 ha 2.6 8.703 1.100

> 10 ha 1.8 46.310 83.200

For Alhama de Murcia, this data was randomised using normal distributions whose mean and devia-
tion were obtained from the sample of Campo de Cartagena, taking into account the scale of farmers,
assuming aminimumandmaximumvalue of 0 and 100, respectively. It is recognised that thismethod
is questionable, as the probability densities of the values over 100 and below 0 are given to 100 and
0, respectively. Table 9.10 shows the characterisation of supply-support for Alhama de Murcia.

Crop-inertia

For Campo de Cartagena, crop-inertiawas inferred from the data collected by [10]. Namely, the ques-
tionwas; “State your degreeof compliancewith the following statement, scoring from0 to 10: Would you
grow a very risky product that can generate a lot of profit?”. Using the answer given by farmers (that is
referred to as risk-a�inity score), crop-inertiawas assumed to be φi “ 1´ score. Table 9.11 shows the
distribution of farmers by risk-a�inity score in Campo de Cartagena.

For Alhama deMurcia, this score was obtained using normal distributions whosemean and deviation
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Table 9.9: Farmers distribution by supply-support in Campo de Cartagena

Supply-support (%) Proportion (%)

= 0 23.7

0–10 13.1

10–25 20.3

25–50 38.2

50–75 3.9

75–100 0.8

Table 9.10: Supply-support characterisation in Alhama de Murcia

Farmer scale Average supply-support (%) Supply-support deviation (%)

Small 21.5 19.8

Medium 28.5 18.8

Large 33.9 19.5

Table 9.11: Farmers distribution by risk-a�inity score for calculating crop-inertia in Campo de
Cartagena

Risk a�inity score (0–10) Proportion (%)

Equal to 0 8.6

1–5 36.2

5–9 44.8

Equal to 10 8.9

DK/NA/REF 1.4

were obtained from the sample of Campo de Cartagena, taking into account the scale of farmers, and
assuming a minimum and maximum value of 0 and 10, respectively. As in the previous case, crop-
inertia was calculated as φi “ 1 ´ score. Table 9.12 shows the characterisation of risk-a�inity score
for Alhama de Murcia.
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Table 9.12: Risk-a�inity characterisation for calculating crop-inertia in Alhama de Murcia

Farmer scale Average risk-a�inity score Score deviation

Small 5.1 3.2

Medium 6.1 2.7

Large 6.9 3.0

Farm location

Netlogowas combinedwith the GIS package to input the geographical location of farmers in the com-
munity.

Alcón [10] provided some rough geographical location of farmers in Campo de Cartagena. The sur-
veyed farmers reported the sector of the community where their farm was located. In the simula-
tion, the exact position of the farmers was randomised within the sector they reported (see Figs. 9.21
and 9.22). 9

Figure 9.21: Geographical representation of
Campo de Cartagena, divided by sectors.

Figure 9.22: Randomly generated distribution
of farmers in Campo de Cartagena.

This information was not available for Alhama deMurcia. Consequently, the exact location of farmers
was randomly generated (Figs. 9.23 and 9.24).10 11

9https://www.crcc.es/informacion-general/documentos-y-planos/
10https://www.cralhama.org/zona-regable/
11https://www.chsegura.es/chs/cuenca/resumendedatosbasicos/cartografia/descargas/
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Figure 9.23: Geographical representation of
Alhama de Murcia.

Figure 9.24: Randomly generated distribution
of farmers in Alhama de Murcia.
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Chapter 10

Case study: Modelling policy-shi�
advocacy in the urban water domain

The purpose of this chapter is to illustrate a generic ABM framework to test policies and social accep-
tance using values. The model presented in this chapter focuses, in particular, on the water public
service in urban settings. On the one hand, householdsmake use of the water services for their basic
needs, but they want the service to be managed according to their values. On the other hand, policy-
influencers demand political measures if they consider that the world-state is not aligned with their
values. Thus, policy e�ects have an impact on social acceptance that may lead to policy shi�s, thus
altering the outcome.

10.1 Case study for the conceptual framework

Picture a neighbourhood of a city: each household houses a family with a certain income level, wa-
ter needs, and conservation practices. There is a water utility company that supplies water, a public
service that is supported by a fee. Citizens assess the service they get andmay at some point want to
have better conditions. Their satisfaction depends onwhat they believe is important (i.e. values), and
they may identify some ways of intervening politically in order to increase their level of satisfaction.
However, this is based not only on the service they receive directly, but also on some features that af-
fect the society as a whole. Likewise, there are other stakeholders that assess the state of a�airs with
respect to their own values and may promote adjustments in the way water is being governed. As
a consequence, there is an interaction between political actors and citizens that stimulates political
action and policy shi�s.
This case study is quite more complex than the case presented in the previous chapter. It serves to il-
lustratehowcomplicated it turns themodellingprocesswhenaddressingacasewheremultiple stake-
holders with diverse values and political beliefs are involved. Besides, all this has to be build around
the policy-targets —in this case, households—, whose behaviour is practically the main issue of the
model, but whose “activity” is not as defined as in the case of farmers —for which water is clearly
an economic input. Families behave di�erently, in accordance with their values, beliefs, experiences
and personalities. As a consequence, designing policy simulator systems to address such political
phenomena require non-trivial field- and modelling work, because they involve a great range of be-
havioural responses andmotivations.
This chapter will not focus on testing di�erent policy-schemas to improve the state of the world ac-
cording to the view of a policy-maker. Instead, this exercise aims at exploring how the impact of pol-
icy e�ects on stakeholders’ (value-driven) social acceptance canbemodelled and simulated, andhow
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this can lead to policy shi�s and eventually di�erent social outcomes. Given this purpose, the model
in this chapter is an instantiation of the “meta-model” (to study a particular case study) and apossible
computational implementation (Table 10.1). That said, the model in this chapter provides a generic
ABM framework to cover these kind of social phenomena. Particular case studies would require spe-
cific data-gathering, modelling, and analysis to produce useful insights. Therefore, the model has
some limitations. For instance, it does not consider many other relevant stakeholders involved in the
domain, likewater-intensive industries or businesses, and does not capture all possible actions policy
influencers can perform. Because the model is a generic approach to these social phenomena, much
simplification is necessary. Working on particular case studies allow a more accurate representation
of the actual phenomena.

Table 10.1: Framework applied to the case study of policy shi�s in the urban water domain

Domain (model and data) Water & economy, Politics, Conservation practices (see Sec.10.4.7)

Stakeholders

Policy-
influencers

Municipality, Water utility, Social movement, Political parties (see
Appendix A)

Policy-target Households

Valuemodel

Policy-
influencers

Diverse profiles (control, competence, e�iciency, social justice,
citizen involvement andwater security) (see Sec. 10.4.3).

Policy-target (Households): diverse profiles (self-centred, universalist, and
conservative) (see Sec. 10.4.4).

Policy-schema Diverse (see Appendix A and B)

In conclusion, this chapterprovidesaprototype toguide themodellingof thoseparticular case studies
related to social acceptance andpolicy shi�s, focusing on the use of values. In particular, values play a
role at two di�erent levels: (i) asmotivators for action of agents; and (ii) as social standards that drive
the assessment of the state of a�airs.

10.2 Introduction to the case study

According to the United Nations, by 2050, 68 % of the world’s population is projected to live in urban
regions [259]. Although urbanwater accounts for only 21% of the water withdrawals in Europe nowa-
days [80], households are, in general, the main users of water of the public water supply, specially in
those whose economy is based on services rather than manufacturing industry [79]. For instance, in
Spain almost 70 % of the public water supply is for households [123].

This suggests that many citizens’ direct well-being is linked to the governance and management of
the public water supply. Households use water for diverse needs, such as hygiene, drinking, and
sanitation. Noteworthy, the new challenges for cities (e.g. global warming, urbanisation, population
growth, etc.) are producing phenomena that may impact citizens’ well-being with regard to water
(see [51, 266, 241]). In addition, some authors claim that economic inequality is rising, which may
contribute to populism and polarisation of politics [184], which is expected to have consequences on
environmental issues (see [98]).
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Water public policies in urban regions must manage water services to address such collective chal-
lenges, while being in line with other services essential for citizens (e.g. housing, education, public
health, etc.). However, addressing severe threats may rely on the enactment of mechanisms that can
lead to social acceptance issues. For instance, economic instruments aiming at preserving a safe en-
vironment will not be sustainable if these also increase the social inequality.
Consequently, it is crucial to analyse the e�ects of public policies on social systems before the actual
enactment of the policies. Public policies must preserve and improve the welfare of population in
challenging situations that involve value dilemmas. Moreover, it is convenient to consider that mul-
tiple stakeholders will seek to produce policy shi�s in order to ensure what they think is critical and
imperative for citizens in such situations, which may produce unexpected outcomes.
Hence, the approach presented in this chapter is to build an agent-based model (ABM) to simulate
and monitor the e�ects of public policies on social systems, considering the intervention of political
actors to produce policy shi�s, by using values.

10.3 Background

10.3.1 Water as an ethical and political space

Governance for water public services presents some particularities. For instance, there is practically
no regular contact between households and water utilities outside of paying the water bill [45]. In
fact, the average amount of time that households deal directly with their water utility is less than ten
minutes per year, and thewater service enters to theirminds only when the tapwater smells or tastes
bad, or when the water bill arrives [199].
However, although such interaction between water utilities and households is limited, it has been
acknowledged that the utility’s conduct as a service provider is crucial for building public trust, confi-
dence, and accountability [57]. Citizenswant public services to bemanaged according to their ethical
standards [168, 57]. Recently, theCommittee onStandards in Public Life inUnitedKingdomalertedon
the poor performance and “ethical failure” by private service providers, for which they recommended
to guide management by the values, attitudes and behaviour the public expects in the delivery of
public services [57, 58].
This suggests that the company’s conduct, and not only the service, takes special relevance in citi-
zens’ minds. Moreover, since the water service is essential for citizens and is delivered as a natural
monopoly (i.e. one entity manages the public water infrastructure) and where demand is, in general,
inelastic, much of the social protest occurs in a political arena. In other words, households’ beliefs
about how the society and public services are not exhibited by making di�erent choices in a market
(i.e. consumer), but by participating and contesting such views in a political arena (i.e. citizens) [168].
That said, political behaviour of citizens has been acknowledged to be not as “rational” as many the-
ories have proposed [3]: indeed, citizens are o�en poorly informed and use multiple heuristics and
biases to make sense of the political world [152]. With this in mind, multiple stakeholders act within
the political arena to dispute the view on how to govern and manage water services and to (presum-
ably) execute citizens’ demands. In addition, thewater domain connects, politically, with other policy
domains,meaning that those “ethical failures” in those domains produce e�ects in the political arena
of the water-domain.
With this in mind, it is clear that much of the political action implies that there are agents that can
recognise emerging macro-phenomena and, as a consequence, intentionally support or hinder the
phenomena or the emerging process itself —which is known as second-order emergence social phe-
nomena (EP2) [52, 210, 175] (see Chapter 5). Many political actors focus on assessing the state of a�airs
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at the macro-level, and propose policy shi�s or react to the occurring phenomena. On the contrary,
most citizens perceive thewater service only at the home level, and “consult” those political actors to
make decisions concerning the state of a�airs at the macro-level.

10.3.2 Water as a public service and values

Much literature that explores trust in public services approaches households as consumers, focusing
on the client-company relationship. In this light, Sirdeshmukh et al. [238] distinguished two facets
of consumer trust: (i) the frontline employee behaviours, that refers to the contact during a service
encounter; and (ii) the management practices and policies, that refer to the guidelines that govern
that exchange. According to the authors, three dimensions are important in these facets: (i) opera-
tional competence (i.e. perceiving that the company has the skills, ability and knowledge to perform
the task e�ectively); (ii) operational benevolence (i.e. behaviours that exhibit that consumers’ inter-
ests are ahead of company’s interests); and (iii) problem-solving orientation (i.e. motivation to antici-
pate and solve problems thatmay arise during or a�er the service exchange). They also reported that
trust and confidence are constructs that are gained or lost asymmetrically (e.g. negative experiences
with frontline employees will typically decrease trust much more than positive experiences increase
it) [238].

However, much confidence would come from the water utility’s conduct at a social level, which im-
plies, unavoidably, to represent the utility as a political actor that can a�ect the state of a�airs. Given
this issue, several frameworksproposemultipleprinciples todeliver thewaterpublic serviceproperly.
For instance, the United Nations [260] recommend to strength the availability, a�ordability, accessi-
bility, safety and adequacy of public services to ensure that human rights are realised and preserved.

In the model presented in this chapter di�erent values will be explored. The reason is twofold: (i) it
is presumed that other values away from a service-centric view are relevant for the stakeholders in
the water domain (e.g. control, security, etc.); and (ii) it is acknowledged that many of these abstract
values are di�icult to be instantiated into concrete terms.

10.3.3 Households’ values in the urban water domain

Values have been broadly studied in individuals’ pro-environmental behaviour [67, 209]. Saurí [216]
reported that water use in Spanish cities is declining because of (i) the adoption of water-saving tech-
nologies as well as behavioural changes caused by (ii) water awareness campaigns and (iii) rising wa-
ter prices and taxes. Certainly, households’ values and other cultural beliefs determine how relevant
they consider these topics and how they react to persuading messages promoting water conserva-
tion. For instance, Owen [180] criticised that many pro-environmental campaigns relied on the fact
that citizens would change their behaviour simply because they would have more knowledge and
information, indicating that other social, personal, and political factors are involved in guiding their
behaviour.

In the same vein, Jorgensen et al. [127] reviewed multiple models of household water use and con-
cluded thatmuchmore knowledge about the diversity of factors involved in households’ water use is
needed. Consequently, factors related to use habits, motivations, institutional trust, and community
trust are necessary for building better models. They identified trust to be key in water use: house-
holds will not save water if they believe that other households are not going to minimise their water
use (i.e. inter-personal trust); and, likewise, they are less likely to save water if they do not trust the
water authority (i.e. institutional trust).
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Nevertheless, the purpose of this model is not to estimate accurately the water demand of house-
holds, but to explore the impact of di�erent populations (i.e. holding di�erent values) in the water-
domainstateofa�airs. Accordingly, sincehouseholds’ valuesplaya role in theirpoliticalbehaviour [152],
di�erent populations are expected to a�ect their response to public policies and, eventually, the so-
cial outcome. In fact, this is a research line that confronts the existence of an “average user” of water
services and which considers that “so�” di�erences (e.g. lifestyles, personal views, values, norms,
goals, motivations) in perspectives on water may bemore useful than a classical segmentation of the
population based on “hard” socio-demographic di�erences [41] —which could be applied to improve
the citizen’s involvement in water public services.

Building on these insights, the present model introduces the satisfaction of households as triggers
for seeking political interventions (see [44]). It is given by the assessment of two components: (i) the
water service, that is related to the fulfilment of their expectations in a domestic setting; and (ii) the
social outcome, that is related to the social expectations of the public service. For the sake of sim-
plification, the service assessment in (i) does not include all the facets identified by Sirdeshmukh et
al. (see [238]). However, by introducing (ii), the model allows to include other elements in the social
context into account, which are relevant to explore social acceptance issues.

10.3.4 Agent-basedmodels for urban water

Agent-based models are increasingly used to approach urban water management. Mashhadi Ali et
al. [158] developed a framework to explore the dynamics of water supply and water demand, mod-
elling the interactionbetween thehouseholds and thewater utilitymanager. Moss andEdmonds [170]
studied the e�ects of social influence on domestic water demand. Galán et al. [88] used an ABM as a
complementary tool to examine the causal relationshipspresent in thewaterdemand inmetropolitan
areas (e.g. opinion di�usion, technologies adoption, urban dynamics, etc.). Schwarz and Ernst [228]
modelled the di�usion of water-saving technologies by clustering the population into five profiles in
accordance with their lifestyles and values. Noticeably, these models focus, generally, on one of the
main topics of the urban water management: forecasting the domestic water demand.

In contrast, the purpose of this model is to simulate and monitor the e�ects of public policies on so-
cial systems, considering the participation of political actors and using values, and identify the main
elements that are necessary for modelling such cases.

One of the required a�ordances for agents that represent political actors is to perceive, assess, and
react to second-orderphenomena. Thesephenomena refers to the idea to recognise emergingmacro-
phenomena and, as a consequence, intentionally support or hinder the phenomena or the emerging
process itself [52, 210, 175]. This a�ordance is useful to describe the capabilities of political actors,
who, ingeneral terms, focusonoutcomesat thesocial level, rather thane�ectson isolated individuals.
Inmulti-agent systems, this notionhasbeenused toexplore theemergenceof reputation, through the
spread of rumours in a social group [175]. In agent-based simulation, it underlies models that explore
the creation of entities to prevent or support social trends (for instance, Vanhée et al. [263] presented
a model of a tribal society in which violence triggered the creation of social-control organisations in
order to prevent it, although they emerged as a consequence of locally-su�ered attacks and not due
to the observation of macro-phenomena).

With regard of addressing phenomena in political arenas, this is an issue that has been not much ex-
plored in agent-based models (e.g. electoral outcomes and voting behaviour and social e�ects, etc.).
Instead, these have usually been approached with game theory [155]. Typically, games model a few
agents that choose optimally between possible strategies, and are used to derive in which conditions
the equilibrium exists. However, agent-based models admit a richer representation of the real-world
(e.g. social networks, geography, richer heterogeneity, etc.).
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In this line, social acceptance is a topic that has been identified as relevant for public policies. De
Wildt et al. [269] pointed out that social acceptance is key for policy-making, as it may jeopardise the
achievementof thegoals of thepolicy. They studied social acceptanceof smart electricity griddeploy-
ment focusing on values, indicating that unsatisfied expectations concerning values may eventually
result in social acceptance issues (although it is clear that theunderlyingcausalityof social acceptance
issues is more complex). Nevertheless, no agent-based models have approached social acceptance
using a value perspective, to the knowledge of the author of this dissertation. The model presented
in this chapter aims at addressing such gap, by using the theoretical notions described in Chapter 5.
Besidesmodelling the stakeholders’ satisfaction concerning values, thismodel takes one step further
by modelling their potential reactions (in a hypothetical situation).

10.4 Model

The purpose of the model is to test policies and then observe their e�ects on the socio-economic
environment taking the policy shi�s produced by policy-influencers into account. Hence, the model
a�ords to explore the social acceptance of policies through the stakeholders’ degree of satisfaction of
those expectations concerning values.

Themodel representsaurbanpopulationconstitutedofhouseholdsandpolicy influencers. Themodel
simulates one decade of activity through discrete time-steps of one month. Each month households
(i.e. policy-targets) demand water, receive the water bill, may adopt conservation practices, assess
their satisfaction, and may support political demands. Likewise, policy-influencers evaluate the state
of the world andmay advocate for political interventions.

10.4.1 Valuemodel

The model has been built with the following (social) values in mind —that is, the model has compo-
nents that are presumed to reflect these values, following themethodology explained in the previous
chapter. Furthermore, eachagenthas its own valueprofile (seeSecs 10.4.3 and 10.4.4 andAppendix A).

V1. Control. Themodel considers control as the share of public participation in thewater utility, since
the public administration is the holder and ultimate responsible of the water service. It is a value
that multiple stakeholders in the policy domain consider essential for the urban water services.

V2. Competence. Themodel a�ords to observe andmanipulate variables related to the competence
in managing the water service from an economic perspective (i.e. financial sustainability of the
water service through water fees).

V3. E�iciency. The model a�ords to observe and manipulate variables related to the (responsible)
use that is made of water to met the citizens’ water needs (i.e. households’ water use and water
losses).

V4. Social justice. Themodel a�ords toobserveandmanipulate variables related to the vulnerability
of the householdswith regard to thewater supply (i.e. a�ordability of thewater fees, households’
debts, service shuto�s, and households that benefit from financial support).

V5. Citizen involvement. Themodel a�ords to reflect theparticipationof householdswhen support-
ing policy influencers’ demands.

V6. Water security. The model a�ords to observe and manipulate variables related to the water se-
curity (i.e. long-term sustainability) in an urban context (i.e. households’ water use).
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10.4.2 Agent roles

Two main roles are considered for the artificial agents: (a) policy-targets and (b) policy-influencers
(see Chapter 5). The policy-influencer role is divided into more specific sub-roles (Table 10.2) (see Ap-
pendix A).

Table 10.2: Agent sub-roles considered in the model for simulating policy shi�s in the urban water
domain

Policy-targets Policy-influencers

— Households — Municipality
— Water utility
— Social movement
— Political party “NL”
— Political party “SL”
— Political party “S”

10.4.3 Policy-influencers

Policy-influencers are characterised by (i) a value profile; (ii) their political satisfaction; (iii) a set of ac-
tions; and (iv) a set of political demands.

Value profile

Values represent what policy-influencers consider relevant in the world, thus driving the assessment
of the state of the world and determining their political demands.

A vector ~V “ pV1, V2, ..., Vnq is used to represent the set of values held by a policy-influencer, whose
componentsVi correspond to value itemsandwhose scoremaybe 1or true (i.e. the value item is held)
or, 0 or false (i.e. the value item is not held) (Table 10.3). It is convenient to remark that “not holding
a value” does not mean that the policy-influencer considers that the value is irrelevant or a disvalue.
Rather, it means that a particular value is not an actual motivator of their demands/actions in that
particular context, and thus unsatisfied expectations with regard to this value do not trigger political
action. For instance, a policy-influencerwho does not hold the value of environmental protection does
not claim it to be a disvalue, but rather, it represents that the agent does not evaluate the world-state
with regard to that value and, as a consequence, does not performany action/demand that pursues to
improve the world-state in connection with environmental protection. However, even in this case, the
policy-influencer can frame their political demands to appeal to environmental protection (although
they were not motivated by that particular value) (see Sec. 10.4.8).

Held values are ordered by relative importance (that is, there is an explicit value hierarchy). This is
represented with a vector of value weights ~β “ pβ1, β2, ..., βnq. It is assumed that, when a value j is
not held, its weight is null (i.e. Vj “ 0 Ñ βj “ 0).

When the value j is held, the policy-influencer evaluates the world-stateW using a set of value func-
tions Epjq. This results in an evaluation score ej with regard to that particular value j (see Sec. 10.4.7).
A�erwards, the policy-influencer aggregates the set of value scores e into one overall evaluation eT
using their respective weights ~β, which is used to determine its political satisfaction. The scores (and,
by extension, also political satisfaction) range from 0 (totally displeased) to 1 (completely satisfied).
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Table 10.3: Generic value profile of a policy-influencer in the model

Value item Is it held? Weight Evaluation score

Value 1 true or false β1 Ep1q
pW q “ ep1q

P r0, 1s

{...} {...} {...} {...}

Value n true or false βn Epnq
pW q “ epnq

P r0, 1s

Actions

Policy-influencers have a set of “generic actions”:

— Perceive (a fragment of) the world-state (see Sec. 10.4.7).
— Evaluate (a fragment of) the world-state (see Sec. 10.4.7).
— Push for/Withdraw a political demand (see Sec. 10.4.8).
— Inform and influence households (See Sec. 10.4.7 and Table 10.10).
— Interact with other policy-influencers (see Sec. 10.4.2).

These generic actions have to be specified for the multiple sub-roles defined (for instance, thewater
utility does not perceive and evaluate the same aspects of the state of the world as the social move-
ment). In the same vein, the specific preconditions of advocating for a political demand depends,
clearly, on the actual demand. As a consequence, the specific set of actions depends on the actual
policy-influencer.

Political demands

Policy-influencersmay advocate for political demandswhen their evaluation of the world-state is op-
portune, in order to change it towards their desired outcomes, which are defined by their values.

With this in mind, each political demand has preconditions that, if met, it is raised in the social space,
meaning that all the agents are aware of that demand. For instance, householdsmay support it, “forc-
ing” themunicipality to enact instruments in correspondence with that matter. These set of precon-
ditions C are based on the set of evaluations of the world-state e with regard to particular values,
which represent the motives needed to act (in more precise terms, when the evaluation of the world
e of the policy-influencer satisfies the preconditions of the political demand, it can be raised). For in-
stance, a policy-influencer may have “increase water fees” among its set of political demands, which
is demanded when the evaluation with regard to competence is opportune (e.g. the financial sustain-
ability of the public service by means of water fees is not satisfactory).

Two types of political demands are considered:

(i) Advocated demands. These political demands are raised in the social space to gather support
of other agents. They are passed to themunicipality, advocating for a policy shi� that takes the
demand into account. It is assumed that they are enacted by themunicipality when they gather
enough social support from households.

(ii) Enacted demands. These political demands can be directly enacted in the social space without
the intervention of themunicipality, meaning that policy-influencers have the capacity to enact
them (with nomore preconditions than the ones related to the assessment of the world-state).
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(iii) Advocated + enactable demands. These political demands can be directly enacted without the
intervention of themunicipality, but some additional preconditions may be required (e.g. some
level of social support).

In this model it is assumed that raising political demands has no “cost” (e.g. economic, political, etc.)
beyond an opportunity cost (that is, the amount of time invested in advocating for a particular de-
mand is not used for advocating for another one).

Sub-roles

Thepolicy-influencers included in themodel are listed in theTable 10.4, aswell as the values theyhold.
See Appendix A for a complete view of the policy-influencers (values, actions, and demands).

Table 10.4: Policy-influencers in the model and their held-values

Policy-influencer V1=
Control

V2=
Compe-
tence

V3=
E�iciency

V4=
Social
justice

V5=
Citizen in-
volvement

V6=
Water
security

Municipality 1 1 0 0 1 1

Water utility 0 1 1 0 0 0

Social movement 1 0 0 1 1 0

Political party “NL” 0 1 0 0 0 0

Political party “SL” 0 1 0 1 0 0

Political party “S” 1 0 0 1 0 0

10.4.4 Households

Households are characterised by (i) value profile; (ii) number of members; (iii) income; (iv) debt-related
variables (i.e. total debt and overdue-counter); (v)water-related variables; (vi) conservation practices;
(vii) service satisfaction; and (viii) political satisfaction.
The value profile defines the behaviour of households, namely, by means of specific decision-making
models, value aggregation frameworks, and interaction with policy-influencers (i.e. from perceived
trustworthiness to “goodness” of their political proposals) (see Sec. 10.4.7 and 10.4.8). It also deter-
mines their held values ~V .
Thewater-related variables include: water demand (i.e. the volume of water that is requested);water
use (i.e. the volume of water that is actually used); revenue water (i.e. the volume of water that is
billed); and water bill (i.e. the amount of money to be paid, in accordance with the revenue water).
These variables depend notably on the households’ number of members and conservation practices.
Moreover, theymay a�ect the service satisfaction (e.g. highwater billsmay decrease the service satis-
faction) and households’ debt (e.g. highwater billsmaymake low-income households unable to pay,
thus increasing their debt).
Elements (ii) and (iii) are based on real-data of one (generic) urban district (in particular, Barcelona’s
district Esquerra del eixample [122, 120]), (iv–ix) evolve as results of the simulation, and (i) is an input
set by the user.
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Value profiles

There are three di�erent value profiles that households may have:

— Self-centred households, whose dominant values are related to self-enhancement and individ-
ualism. These households think that the service should cost little money and should respect
households’ autonomy (which they consider it is well represented by lowwater fees and nowa-
ter use restrictions). Their (social) held-value is only competence, as they value cost reductions
rather than additional services or initiatives.

— Conservative households, whose dominant values are related to tradition, security and confor-
mity. These households think that the public service must be guaranteed in any case, and they
understand that this means that some situations may require restrictions must be applied to
ensure their financial and ecological sustainability. Their (social) held-values are competence,
e�iciency, andwater security.

— Universalist households, whose dominant values are related to universalism. These house-
holds think that the servicemust promote social justice (i.e. it must take vulnerable households
into account) andmust be completely accountable andopen to citizens’ opinions. They need to
know that the water they use is as sustainably and ethically sourced as possible. Their (social)
held-values are control, social justice and citizen involvement.

10.4.5 Initialisation

Households start with an input value profile and the least e�icient conservation practices in all the
domestic uses. The number of members is randomly assigned, based on actual statistical-data of one
urban district (in order to use real information, available data of the district of Esquerra del Eixample
has been taken [122]). The income is given by the annual income of households depending on their
number of members (available in [120] for the same district); as this information is given by income
ranges, the actual income is randomly generated following a uniform distribution. Notice that the
number of members and income are randomly set regardless of the value profile of households. All
households start with no debt.
All households are linked to all the policy-influencers, and therefore they can be informed and influ-
encedby these. The agent population is constituted by 100 households and the (six)policy-influencers
mentioned in Table 10.4.
The service cost is set to 2.20 eur/m3 (see [5]). For the sake of simplicity, the total service cost is as-
sumed to increase linearly with the total volume of supplied water. The tari�-multiplier factor starts
at γ “ 1 (see Sec. 10.4.7).

10.4.6 Process Overview

The followingproceduresareexecutedsequentially each time-step (onemonth) (seeSecs. 10.4.7and10.4.8
for further details):

P1. Water supply cycle:

P1.1. Householdsdemandwater, according to their domestic needs and conservationpractices.
P1.2. Households receivewater, which is registered by awater-meter, determining thewater bill

to be paid. The water utility supplies water to the households, as long as their supply has
not been shut o�.
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P1.3. Households pay the bill, as long as it is a�ordable, according to the households’ income.
When the water bill is too high, they might not pay, which increases their debt. In this case,
they will be requested to pay part of their debt in the following months (which may make
following water bills more di�icult to be paid). If households are able to pay, their debt
decreases. When they have accumulated three months without paying the water bill, the
water utility may shut their water supply o� (this period of time is set for testing purposes,
given the absence of reliable data).

P1.4. Households adopt (or abandon) conservationpractices. If the bill is high, theymay adopt
a practice in some household setting (e.g. shower or laundry). On the contrary, if the bill
is low, they may abandon a conservation practice. Environmentalist households may also
adopt practices when their water use is too high.

P1.5. Households apply for social aid, as long as it is enabled. Thus, households must ask for
financial assistance, if they want to, and must prove that they are potential beneficiaries
(namely, their income is lower than 13,000 eur/year, according to [82]).

P1.6. Households evaluate the service, comparing thewater volume they receivedwith the vol-
ume they requested, and assessing the cost of the service.

P2. Social and political:

P2.1. Policy-influencers evaluate the state of the world according to their values, that is, fo-
cusing on some particular variables of the world.

P2.2. Households evaluate thepolitical stateof theworld, retrieving information andopinions
from the policy-influencers.

P2.3. Householdsglobalassessment, forwhich theyaggregate the serviceand thepolitical eval-
uations.

P2.4. Policy-influencers advocate for political demands, according to their evaluations of the
state of the world.

P2.5. Households support political demands among those that have been raised in the social
space.

P2.6. Policy-influencersenactdemands, as longas theyarea�orded todoso (e.g. theygathered
enough social support), and the conditions of the state of the world are opportune.

P2.7. Policy-influencers request to themunicipality to enact their demands, as long as these
have gathered enough social support.

10.4.7 Submodels

Water demand and conservation practices

Conservation practices represent the behaviour of households with regard of the multiple domestic
water uses. They are expressed by a numerical score that can be 0 (least e�icient practice in that
context), 1 (moderately e�icient practice), or 2 (most e�icient practice). Conservation practices, as
well as the number of members, determine thewater demand of households each time step. Multiple
sources have been used to define these practices (e.g. [69, 78]).

In general, conservation practices can be adopted and abandoned. However, it is assumed that those
stages that represent technologyadoptions (e.g. adoptionofwater-saving showerheadsornewwash-
ing machines) cannot be abandoned.

Domestic water uses are:
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— General hygiene: water that members make use of to do hygiene-related activities (e.g. wash-
ing their hands, brushing their teeth, etc.).

— Toilet: water that membersmake use of to (mainly) discharge organic waste of physiologic ori-
gin.

— Dishes: water that households make use of to washing and rinsing dishes and kitchenware. It
is assumed that a household do the dishes for all its members.

— Laundry: water that households make use of to wash clothes. It is assumed that a household
does the laundry for all its members.

— Shower: water that members make use of to wash their bodies. It is assumed that every mem-
ber in the household has a shower once a day.

— Direct consumption: water that households make use of to cook or to drink. It is assumed
that the daily demand for direct consumption is 15 litres per household (L/hh) (no conservation
practices).

— Householdmaintenance:water that householdsmakeuse of to clean the house and to irrigate
plants —but no gardens. It is assumed that the weekly demand for household maintenance is
50 L/hh (no conservation practices).

The conservation practices for each domestic use are listed in Table 10.5.

Water billing

This submodel is used to calculate the water bill of households of one month, following the tari�
scheme of Aigües de Barcelona [7].

In general terms, the domestic water use is charged bymeans of two components: a fixed service fee,
that depends on the housing nominal flow (e.g. 0.40 m3/h); and a variable amount, that depends on
the volume of used water. Additionally, the water bill may include tributes and taxes.

In thismodel, it is assumedthatall householdshave thesametypeof tari�s (nominal flowof0.40m3/h),
meaning that the service-fee is 7.54 eur/month for every household.

The variable concept is based on a block tari�, which applies a progressive fee according to the vol-
ume range of water used. The volume ranges andwater prices are retrieved from Aigües de Barcelona
(Table 10.6), which is the metropolitan water utility (see [7]). The volume ranges are set for a house-
hold of three members; if the household is larger, it is possible to widen their ranges (for instance,
2 m3/month per additional member for the first block).1

Moreover, the CatalanWater Agency applies a regional environmental tribute, which is also calculated
with the blocks scheme (Table 10.7) (see [4]). Noteworthy, it charges at least 6m3 although the actual
water use is lower, and its ranges can be widened if more than three people live in the household
(3 m3/month per additional member). Finally, a value-added tax of 10 % is added.

If social aid is enabled, those households that have been identified as vulnerable may benefit from a
lower water price and a lower water tribute. This bonus is applied as long as the household’s water
use does not exceed the first volume range (see [7]). Accordingly, the first block is updated as follows:
the water price is the 75 % of the regular price, and the tribute is reduced to 0.24 eur/m3.

1In 2020, the system for readjusting the blocks when more than three people live in the household has changed. See
https://www.aiguesdebarcelona.cat/ca/el-teu-servei-daigua/bonificacions-i-fons-de-solidaritat/
(in Catalan)
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Table 10.5: Conservation practices of households depending on the domestic water use

Use Least e�icient (0) Moderately e�icient (1) Most e�icient (2)

General
hygiene

Members use faucets during 3
minutes a day with a flow of
10 L/min, keeping them on

unnecessarily. The daily demand
is 30 L/p.

The household adopts faucet
aerators. Members use faucets

during 3 minutes a day with a flow
of 5 L/min, but they still keep

them on unnecessarily. The daily
demand is 15 L/p.

Members use e�iciently faucets,
during 1 minute a day with a flow
of 5 L/min. The daily demand is

5 L/p.

Toilet

Members not only use the toilet
for physiologic reasons but also to
flush other solid waste. A flush
requires 10 L and every dweller
flushes the toilet six times per
day. The daily demand is 60 L/p.

Members use the toilet only for
physiologic reasons. A flush

requires 10 L and every dweller
flushes the toilet four times per
day. The daily demand is 40 L/p.

Members use the toilet only for
physiologic reasons and they use
properly the water-saving flushes.

It is considered that a flush
requires on average 6 L and every
dweller flushes the toilet four

times per day. The daily demand
is 24 L/p.

Dishes

Households do the dishes by
hand twice a day, requiring 75 L
per wash. The daily demand is

150 L/hh.

Households do the dishes by
hand twice a day, requiring 30 L
per wash. The daily demand is

60 L/hh.

Households use a dishwasher
once a day that requires 15 L per
wash. The weekly demand is

15 L/hh.

Laundry

Households use an old washing
machine that requires 130 L/w per
wash twice a week. The weekly

demand is 260 L/hh.

Households use a new washing
machine that requires 60 L/w per
wash twice a week. The weekly

demand is 120 L/hh.

Households use a new washing
machine that requires 60 L/w per
wash once a week. The weekly

demand is 60 L/hh.

Shower
Every dweller has a shower of

6 minutes and a flow of 15 L/min.
The daily demand is 90 L/p·d.

The household adopts a
water-saving shower head. Every
dweller has a shower of 6 minutes
and a flow of 10 L/min. The daily

demand is 60 L/p.

Every dweller has a shower of
4 minutes and a flow of 10 L/min.
The daily demand is 40 L/p·d.

Direct
consumption

Members use faucets to cook and drink. The daily demand is 15 L/hh.

Household
maintenance

Members use faucets for cleaning and irrigating indoor plants. The weekly demand is 50 L/hh.

Table 10.6: Water use pricing (Source: [7])

Block Range (m3/month) Price (eur/m3)

1 [0, 6] 0.6087

2 (6, 9] 1.2175

3 (9, 15] 1.8262

4 (15, 18] 2.4349

5 >18 3.0436

To change water prices, themodel includes a factor γ that multiply water fees and tributes, but keep-
ing constant the volume ranges. Thus, a value for this fee-factor γ lower than 1 decreases the water
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Table 10.7: Water regional tribute (Source: [4])

Block Range (m3/month) Price (eur/m3)

1 [0, 9] 0.4936

2 (9, 15] 1.1370

3 (15, 18] 2.8425

4 >18 4.5480

fees, while a value greater than 1 increases them.

The input of this submodel is the revenue water of onemonth (i.e the water volume, in cubic meters,
that has been billed) and the output is the payment due. The payment can be considered as a relative
bill if compared to the household monthly income (%).

Households pay the water bill

Households pay the water bills as long as it does not exceed the 10 % of their monthly income (given
the lack of more detailed information). In case it does, it is possible that households cannot a�ord
to pay for the water service. In absence of fieldwork, it is assumed that households will pay 50 % of
these occasions.

When household cannot pay, its debt with the water utility grows (namely, the water bill is added to
anypreviousdebt) and its service-assessmentdrops to0 (seeSec. 10.4.7). Besides, itsoverdue-counter
increases by one: if the interruption of the water supply is allowed, a household whose overdue-
counter is three or higher will have their supply shut o�.

Having a debt with their water utility makes more di�icult for household to pay future water bills.
It is assumed that households have to cover a part of the debt incurred in the past. The minimum
amount is the payment associated to 3 m3 per household member (or, alternatively, the total debt if
it is lower). This minimum payment is added to the next water bill, which can lead to exceeding the
10 % threshold aforementioned. If the household is nevertheless able to pay, its debt decreases by
the minimum payment and its overdue-counter is reduced by one.

Thosehouseholdswhosesupplywasshuto�can restore it as longas theyareable topay theminimum
payment (3 m3 per household member) —provided it does not exceed the 10 % threshold. As before,
their debt decreases accordingly and their overdue-counter is reduced by one.

Some policy-influencers may mobilise the households to declare a massive refusal to pay the water
bills, as an expression of social protest. In this case, those households that support this form of social
protest do not pay the water bills. It is assumed that, since it is a massive protest, their debt does
not increase and their supply cannot be shut o� (for instance, households appeal in mass against
the water bill, through some entity or collective, and they collapse the legal department of the water
utility). Conservative households cannot support this social protest.
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Households apply for social aid and adopt conservation practices

Both applying for social aid and adopting conservation practices depend, in general, on the value
profile of households (Table 10.8). When households have a debt with the water utility, or when the
supplied water is below their water demand (namely, 80 %, for the sake of testing the model), they
will adapt to these conditions by trying to adopt one conservation practice —in case of debt, they are
more likely to adopt conservation habits rather than buying household appliances.

Table 10.8: Behaviours when applying for social aid and adopting conservation practices according
to the value profile of the household.Given the absence of accurate data, thresholds have been

assumed for test purposes.

Value profile Conservation practices Application for social aid

Self-centred
households

Adoption only due to high water bills (namely, when it is greater than
6.5 % of their monthly income). They will abandon such practices if the
bill is low enough (when it is lower than 1.5 % of their monthly income).

The likelihood that they buy a new household appliance
(e.g. dishwasher or new washing machine) is greater than adopting a
pro-environmental habit (e.g. shorter showers or avoid unnecessary

toilet flushes).

In the case that the social aid is
enabled, they will apply only a�er
their water supply has been shut o�.

Conservative
households

Adoption only due to high water bills (when it is greater than 5% of their
monthly income). They will abandon such practices if their bill is low
enough (when it is lower than 0.5 % of their monthly income).

They are more prone to adopt a pro-environmental habit than to buy
household appliances.

In the case that the social aid is
enabled, these households will
apply for social assistance when
they have low satisfaction with
regard to the water bill, or

alternatively they have been two
months without paying for the

service.

Universalist
households

Adoption because of economic (when the bill is greater than 5% of their
monthly income) and environmentalist reasons (when their water use is
greater than 150 litres per person and day). Theymay drop conservation
practices if their bill is low enough (lower than 1.5 % their monthly

income).

The likelihood that they buy a new household appliance is the same as
adopting a pro-environmental habit.

In the case that the social aid is
enabled, these households will
apply for social assistance when
they have low satisfaction with
regard to the water bill, or

alternatively they have been two
months without paying for the

service.

The adoption of a conservation practice is implemented as follows: when the adoption condition is
met (for instance, thewaterbill is high), thehouseholdwill chooseonedomesticuseat random,whose
likelihoods depend on the household’s value profile. If their behaviour can be improved (that is, their
conservation practice is 0 or 1), their conservation practice for that domestic use will increase by one.
The likelihood to select one domestic use that involves the adoption of household appliancesmay be
greater for certain value profiles—representing that somehouseholds aremore prone to buy e�icient
technology rather than adopt habits. Notice that this may lead to “unsuccessful attempts”, since they
may choose uses in which they are already e�icient.

Households’ satisfaction

Households’ satisfaction is constituted by two components:

— Service assessment based on (i) volume supplied to the household; and (ii) water bill. These are
local variables that households perceive and can evaluate directly. Other aspects that could be
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taken into account are water quality (mainly, organoleptic properties of water, such as taste or
colour), water pressure, supply interruptions (e.g. due to maintenance works), billing accuracy
(the billed volume corresponds to the volume that has been registered by the water meter), or
client-company relationship (e.g. behaviour of frontline employees).

(i) Supplied-volume assessment, that compares the volume received with the volume they
requested (Fig. 10.1);

(ii) Water bill assessment, that focus on the cost of the service with regard of the household
income (Fig. 10.2).

— Political assessment, that focuses on the state of the world according to the values they hold.
Thesearemacro-level variables thathouseholdsperceiveandevaluate indirectly, throughpolicy-
influencers (see Chapter 5). Messages from policy-influencers contain their aggregated political
evaluation, being used by households to form their own view, which is derived from the influ-
encers’ political-satisfaction. In particular, this component is the result of a weighted mean of
the policy-influencers’ political-satisfaction using the value similarity λ as weight, in order to
generate an average opinion (see Sec. 10.4.8).

Figure 10.1: Households’ value function for
supplied-volume assessment. As shown, the

score decreases the more supply
interruptions or restrictions the household
experiences (in general terms, the household
can use as much water as wanted). The score
is acceptable (0.7–1.0) when the ratio of water

supplied:water requested is more than
approximately 90 %. A�er that ratio, the score
decreases rapidly. Ratios below 75% are
unacceptable, resulting in low scores

(0.0–0.2).

Figure 10.2: Households’ value function for
water bill assessment. As shown, the score
decreases as the more expensive is the water
bill. The score is acceptable (0.7–1.0) when the
bill is around 0 and 3% the households’

income (UN considers the service a�ordable
when the cost does not exceed 3 % of

household income [257]). A�er that, the score
decreases rapidly. When the service cost

doubles the a�ordable threshold (i.e. 6 %) the
score is very low (0.0–0.2).

The supplied-volume assessment and water bill assessment in service assessment are aggregated us-
ing a geometricmean. The global satisfaction (i.e. service assessment and political assessment) is also
aggregated using a geometric mean. The reason to use the geometric mean is that, although compo-
nents are equally weighted, low scores of one component cannot be compensated by high scores of
another one.
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Value functions for political assessment

Value functions are used as evaluation mechanisms to determine the political assessment of policy-
influencerswith regardof their values, as presented inChapter 4. Each time-step thepolicy-influencers
evaluate the world-state. If they hold a value, they have, at least, one corresponding value function
for assessing the state of the world with respect to that particular value. Consequently, they generate
a set of evaluations e, that are aggregated using a weighted arithmetic mean (in order to have more
stable assessments).

Households’ value similarity with policy-influencers

This submodel is used to compute the “sympathy” of households for policy-influencers by means of
their value similarity. The value similarity λ ranges from 0 (i.e. no similarity at all) to 1 (i.e. perfect
similarity).

The value similarity is computed as follows (Alg. 1): each value i is compared; if the household holds
the value, and also does the policy-influencer, their similarity increases by one. The same happens if
the policy-influencer holds the value, and also does the household. At the end, the value similarity is
normalised, taking only those values that are held either by the household or thepolicy-influencer into
account.

Algorithm 1: Compute the value similarity between a household and a policy influencer

Input: Policy-influencer’s held-values ~V pPIq, Household’s held-values ~V pHq

Output: Value similarity λ
1 foreach pair tV pPIqi , V

pHq
i u with pV pPIqi “ 1 or V pHqi “ 1q for i “ 1..n do

2 mÐ m` 1

3 if V pPIqi “ V
pHq
i then

4 k Ð k ` 1

5 return λÐ k{m

Value similarity λ is used to define the weight of each policy-influencers’ political satisfaction when
determining the households’ political satisfaction (see Sec. 10.4.7). Accordingly, the value similarity
between the di�erent value profiles of households and the multiple policy-influencers is shown in Ta-
ble 10.9.

10.4.8 Policy-influencers advocation

Policy-influencersmay advocate for political demandswhen their evaluation of the world-state is op-
portune, in order to change it towards their desired outcomes, which are defined by their values.

With this in mind, each political demand has preconditions that, if met, is raised in the social space,
meaning that all the agents are aware of that demand. For instance, householdsmay support it, “forc-
ing” themunicipality to enact instruments in correspondencewith thatmatter. These set of precondi-
tions C are based on the set of evaluations of the world-state Ewith regard to particular values, which
represent themotives needed to act (inmore precise terms, when the evaluation of theworld E of the
policy-influencer satisfies the preconditions of the political demand, it can be raised). For instance, a
political partymay have “increase water fees” among its set of political demands, and it is demanded
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Table 10.9: Value similarity between households and policy-influencers

Policy-influencer

Household Profile
Self-centred
household

Conservative
household

Universalist
household

Municipality 0.25 0.40 0.40

Water utility 0.50 0.67 0.00

Social movement 0.00 0.00 1.00

Political party “NL” 1.00 0.33 0.00

Political party “SL” 0.50 0.25 0.25

Political party “S” 0.00 0.00 0.67

when the evaluation with regard to competence is opportune (i.e. the financial sustainability of the
public service by means of water fees is not satisfactory). The fact that all agents are aware of any
active political demands is an assumption of the model, but other models could explore other social
models (e.g. policy-targets can be disconnected from some policy-influencers, making themunable to
perceive and support their political demands).

The set of political demands are implemented as follows (Table 10.10):

— Political demand, which is the identification of the particular action/demand.
— Preconditions, whicharevalue-basedpreconditions (i.e. fromtheevaluationof theworld-state)
for performing the action or advocating for the demand.

— Additional preconditions, since some demands/actions may have extra prerequisites to be
raisedorenacted (e.g. social support). It is convenient todistinguishbetweenadditionalprereq-
uisites to raise thedemand in the social space andadditional prerequisites to enact thedemand
in the social space (see below).

— Framing, which represents the “discourse” with which is presented the demand in the social
space to gather the support of households.

— Type, which the way by which the political demand can be enacted. Three types of political
demands are considered:
(i) Advocateddemands. Thesepolitical demands are raised in the social space to gather sup-

port of other agents. To be enacted, they must be validated by themunicipality, assessing
their social support.

(ii) Enacted demands. These political demands can be directly enactedwithout the interven-
tion of themunicipality, meaning that policy-influencers have the capacity to enact them.

(iii) Advocated + enactable demands. These political demands can be directly enacted with-
out the intervention of the municipality, but some additional preconditions may be re-
quired (e.g. some level of social support).

Notice that all advocacy demands have framing, but only some enactable demands have so
(since some of these will be directly enacted without “asking” for social support).

Policy-influencers check theworld-state todefine theirpolitical demandsaccording toAlg. 2. Its output
is a subset of their political demands, namely, those political demands that are appropriate for that
particularworld-state. In thismodel, it is considered that apolicy-influencer canonly advocate for one
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Table 10.10: Generic structure of the set of political demands of a policy-influencer

Political Demand Preconditions Additional Framing Type

Demand d1 Cd1“ tC
d1
1 , ..., Cd1

n u Add. preconditions Rd1 ~Fd1 “ pF
d1
1 , ..., F d1

n q Typed1

{...} {...} {...} {...} {...}

Demand dk Cdk“ tC
dk
1 , ..., C

dk
n u Add. preconditions Rdk ~Fdk “ pF

dk
1 , ..., F

dk
n q Typedk

demandat the same time,which requires to “select” among the subset of potentialpolitical demands.
Several options could be used for this purpose (e.g. random selection, ranking, urgency, etc.). In this
model, political demands are introduced by ranking (taking the value hierarchies and he e�ects of the
demands into consideration), as presented, for instance, in Table 10.13; thus, the policy-influencer will
always choose the demand that is “closer to the top” (i.e. reflecting the priority and urgency of the
several options to be taken) (see Appendix A).

Algorithm 2: Compute the preselection of potential political demands
Input: Set of political demands D (preconditions C; additional advocacy-prerequisites R),

Set of policy influencer’s evaluations e
Output: Subset of potential political demands P

1 set PÐ Ø
2 foreach demand d in D do
3 if (preconditions Cd are satisfied by evaluations e) and (prerequisites Rd are met) then
4 Put d into P

Once a particular demand has been raised, it becomes active in the social space (which is imple-
mentedas shown inTable 10.11). Policy-influencerscannotwithdraw ituntil six time-stepshavepassed,
which is when they evaluate the world-state again and consider opportune political demands again.
It is assumed that the political demands have no political cost (in terms of consequences on reputa-
tion, investment of economic resources, etc.) beyond an opportunity cost (that is, the amount of time
invested in advocating for a particular demand is not used for advocating for another one).

Table 10.11: Generic structure of the set of active demands in the social space

Active demands Social support

Demand di Odi
P [0, 100]

{....} {....}

Demand dj Odj
P [0, 100]

Some of the demands can be enacted by the policy-influencers (i.e. enactable demands), which pro-
duce and e�ect on the social space. In this case, policy-influencers check each time-stepwhether their
additional enactment-prerequisites are met (e.g. social support). If so, the demand is enacted an is
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withdrawn from the social space (i.e. Table 10.11). Notice that multiple policy-influencers may advo-
cate for the same political demand; in this case, they gather social support using their own framing
—which may help to reach di�erent audiences.

Households’ support political demands

This submodel is used to determine the social support given by households for those political de-
mands that have been raised by policy-influencers, based on their a�inity.

Demands are framed by policy-influencers to fit with how households view the world. In blunt terms,
framing consists in how a certain political intervention is presented in the social space (e.g. concepts,
metaphors, values, discourse) to the other agents in order to receive support. For instance, a pro-
posal to “pedestrianize a street” may be framed as a “measure to promote sustainable mobility” (thus
appealing to environmentalist values) or, alternatively, as a “measure topromote the economic activity
of the commercial street” (thus appealing to wealth-related values). Nonetheless, the material inter-
vention is the same regardless of its framing: in the previous example, a norm will be enacted to ban
motor vehicles from circulating in that street.

Accordingly, advocacy demands have a framing ~F “ pF1, F2, ..., Fnq, whose components Fi corre-
spond to the values aforementioned and whose score may be either 1 (i.e. the value is appealed to)
or 0 (i.e. the value is not mentioned). The social support is computed according to the a�inity be-
tween the values highlighted by how the proposal is framed and the values of the policy-subjects. It
is assumed that the frame appeals to, at least, one value (i.e. DFi “ 1).

The a�inity ξ ranges from 0 (i.e. no a�inity at all) to 1 (i.e. perfect a�inity). The a�inity is calculated as
follows (Alg. 3): if the framing appeals to a value that the household holds, then they are akin, but if
the frame appeals to one value that the household does not hold, then it will look “less ethical”. The
number of coincidences, normalised by the number of values of the framing, determines the a�inity.
Notice that those values that are not appealed to by the framing are not checked, as if households do
not consider those values that are unmentioned. For instance, a proposal whose framing is based on
two values has a perfect a�inity with a household that holds those two values as well, regardless of
the other values that held by the household.

Algorithm 3: Compute the a�inity between a household and a political demand

Input: Framing ~F , Household’s held-values ~V
Output: A�inity ξ

1 foreach pair tFi, Viu for i “ 1..n do
2 if Fi “ 1 then
3 mÐ m` 1
4 if Vi “ 1 then
5 k Ð k ` 1

6 return ξ Ð k{m

For ahousehold to support ademand there is onemain condition: thehouseholdmust beunsatisfied,
in which case the household will seek for a political demand to support —one that has a�inity with its
values (i.e. is ethically appropriate for the household). In this model, it is considered that households
can support only one political demand, but it may change each time-step. In this model, all house-
holds express themselves politically. Hence, as long as the previous conditions are met, household
will support political demands (that is, political participation is not optional).
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First, if the household’s satisfaction is below 0.6 (value set for test purposes), then it will check all
active demands (i.e. those that have been raised by policy-influencers and persist in the social space
(Table 10.11); the satisfaction indicator used depends on the value profile of the household:

— Self-centred households will use their service-satisfaction (that is, they have to be displeased
with the service at home before they seek for political intervention).

— Conservative households will use their global-satisfaction (that is, they have to be displeased
with both the service at home and the political state before they seek for political intervention).

— Universalist households will use their political-satisfaction (that is, they have to be displeased
with thepolitical statebefore theyseek forpolitical intervention). This leads to“massbehaviour”.

Second, if a�inity ξ between the demands’ framing and the households’ held-values is greater than or
equal to 0.5 (value set for test purposes), then the political demand can be supported by the house-
hold. Among all the possible demands, the household will choose the one with greater a�inity. In the
case that multiple demands have the same a�inity, then the household will choose the one whose
framing appeals to more values (that is, whose framing has more non-null components).

To determine the social support of each active political demand (Table 10.11), it is counted the number
of households that are supporting it (thus, the social support for one demand ranges from 0 to 100%,
and the total social support given to all demands is, maximum, 100 %).

Policy-influencers request to enact their political demands

Themunicipality is a�orded to enact policy instruments at the institutional level. For this reason, the
other policy-influencers request themunicipality to enact their political demands, thereby producing
policy shi�s. This process is implemented as follows: each time-step the political demands raised
in the social space are checked (Table 10.11). If the municipality is a�orded to enact them and they
have enough social support (see Table 10.14), then they can be enacted. Among these set of possible
enactments, themunicipalitywill choose the onewith greatest social support. A�er that, the demand
is enacted and withdrawn from the social space.

10.5 Simulation

10.5.1 Approaches

Themodel is simulated by taking two di�erent approaches:

— First, the model is used to simulate simpler scenarios without policy-influencers (i.e. “simple
use”). Households do not assess the state of a�airs at a social level (they focus only on the
service) and thereforepolitical demandscannot thrive. Thisposits a less realistic representation
of the world —albeit simpler. The reason is to provide a basic understanding of the outputs to
address more complicated scenarios.

— Second, themodel is used to simulate scenarios in which there are policy-influencers (i.e. “stan-
dard use”). Thus, policy shi�s can occur, eventually producing di�erent social outcomes. This
posits amore realistic representation of theworld, but alsomore laboriousmodelling and anal-
ysis exercises. The simulation of those simple scenarios allows to better understand the social
outcome when policy-influencers are involved.

Themain input for simulation aredi�erent valueprofiles for thepopulationof households. Hence, the
model illustrates how di�erent values lead to di�erent social outcomes. For the sake of exaggerating
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Figure 10.3: Households’ income distribution Figure 10.4: Households’ income per member
distribution

the simulation output, the scenarios represent the outcome when the population is entirely consti-
tutedbyone typeof value-profile. Moreover, for the sakeof comparability, households’ income is kept
constant for the di�erent scenarios (Figs. 10.3 and 10.4).

Policy-influencers start to act a�er 12 time-steps, in order to give time to households to adopt stable
water-use behaviour, in accordance with their value profiles. As long as it is not mentioned explicitly,
the default input has both the water supply shuto�s and the social aid disabled.

10.5.2 Simple use

Scenario Sm1

This scenario simulates the social behaviour of a population of households whose value-profiles are
100 % self-centred. As there is no major events during the simulation, the outcomes are quite stable.

The use of water of this population is intensive (namely around 290 L/p·d on average), since house-
holds only adopt conservation habits when the bill is expensive (Fig. 10.5). The service-cost recovery-
rate is high (namely, 115 %), due to the high water bills (Fig. 10.6).

Households are satisfied with the service with regard of the supply (as they can use as much water
as they want), but not so much for the bill (the bill is expensive due to their high-use of water). The
overall satisfaction of the service is approximately 70 %. Either enabling supply shuto�s or social aid
does not change the social outcome.

Scenario Sm2

This scenario simulates the social behaviour of a population of households whose value-profiles are
100% conservative. The outcome of this scenario is similar to the Scenario Sm1, in which 100% of the
households are self-centred.

Scenario Sm3

This scenario simulates the social behaviour of a population of households whose value-profiles are
100 % universalist.
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Figure 10.5: Households’ average water use
depending on the population value-profile

Figure 10.6: Service-cost recovery-rate
depending on the population value-profile

In this scenario, water use is much lower, since universalist households are motivated to have an
environmentally-responsible use besides an a�ordable bill (the water use is approximately 145 L/p·d
on average) (Fig. 10.5). At first, universalist households adopt all conservation practices equally. When
they have a stable water use around 145 L/p·d, once they get technology (e.g. dishwasher) —which is
assumed that it cannot be abandoned once adopted—, this lowers the water bills, inducing them to
abandonsomeconservationhabits (e.g. beinge�icientwhen flushing the toilet), butwithoutgreat im-
pact on the average water use. Nevertheless, the overall satisfaction of the service is approximately
90 % (their water use is translated into guaranteed supply and low bills).

Service-cost recovery-rate does not reach 100 %, because households use little water (namely, this
indicator is approximately 95 %) (Fig. 10.6).

If the social aid is enabled, the number of households that benefit from it decreases rapidly (due to
their reduced water use). In the same vein, the number of households in debt also decreases. In
any case, there is a small group of households that, due to their low income, will apply for the so-
cial aid on a general basis (as shown in Fig 10.3, there are households whose income is lower than
13,000 eur/year).

10.5.3 Standard use

Scenario St1

This scenario simulates the social behaviour of a population of households, whose value-profiles are
100 % self-centred, and the multiple policy-influencers.

Due to the high use of water (approximately 290 L/p·d), the municipality, whose main value is wa-
ter security, enables a maximum supply for households of 120 L/p·d, similar to the instruments that
have been considered in cities of Australia or Cape Town (see [241, 266]) —the di�erence is that, in
this model, it is not possible to not abide by this norm) (Fig. 10.7). This causes a drop in the water
use (i.e. 120 L/p·d), that is quite di�erent to the actual water demand (i.e. 290 L/p·d), which translates
into a very low valuation of the service, even though they are satisfied regarding the water bill. It also
entails lower water bills, which reduces the service-cost recovery-rate from 115 % to 95 % (Fig. 10.8).
Under these new circumstances, households adapt their water use. They start to adopt conservation
practices during the year a�er the enactment of the maximum supply. Besides, since water security
is guaranteed, and the service-cost recovery-rate is acceptable, themunicipality compensates house-
holds with lower rates —which causes a reduction in the service-cost recovery-rate to 85% (Fig. 10.8)

133



Chapter 10. Case study: Modelling policy-shi� advocacy in the urban water domain

and, consequently, also in thehouseholds’ political satisfaction (competence valueof trustedpolitical-
influencers) (Fig. 10.9).

Figure 10.7: Households’ average water use
and average water demand in the scenario St1

Figure 10.8: Service-cost recovery-rate in the
scenario St1

During this stage the municipality is monitoring the water demand of households. When they have
adapted their water-use behaviour so to demand approximately 150 L/p·d, themunicipality disables
themaximum supply (Fig. 10.7). Since the households have lowwater bills, this causes them to aban-
don some conservation practices, but they keep their average water use within a level acceptable by
the municipality (from 120 L/p·d to 165 L/p·d). This causes an increase in the service satisfaction of
households, because their water demand is completely satisfied (Fig. 10.9).

Meanwhile, the water utility advocates for raising water fees to ensure the financial sustainability of
the service —nevertheless, its political satisfaction is pretty high because households’ water needs
are met with an acceptable amount of water possible.

Figure 10.9: Households’ average satisfaction
in the scenario St1

Figure 10.10: Policy-influencers’ satisfaction in
the scenario St1

The SL-party, despite being less satisfiedwith respect to competence, it is quite pleasedwith regard to
social justice: on average, water bills are reduced, which means that the service is a�ordable from its
point of view. TheNL-party starts fromwith complete satisfaction (because the service-cost recovery-
rate is high), but it drops a�er themunicipality intervenes (Fig. 10.10). In some simulations, this may
lead it to demand to increase the private participation in the water management, since the service
is not competent. If this occurs during the use-restriction, all households support that demand (as
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they are completely displeased with the service), forcing the municipality to execute that measure.
A�er this happens, theNL-party is more “benevolent” when evaluating the competence, increasing its
political satisfaction despite the service-cost recovery-rate not changing.

The social movement and S-party are completely dissatisfied (Fig. 10.10): social justice and control is-
sues are not addressed directly. Motivated by this, they advocate for direct management and social
mobilisation, respectively, without having any success.

If water shuto�s are allowed, the S-party and the social movement increase their satisfaction with
regard to social justice: in the way their value profile is modelled, when shuto�s are allowed, these
policy-influencers no longer focus on the impact water fees have on vulnerable households, but in-
stead they focus on the number of households that have their supply interrupted. As themunicipality
enacts a maximum supply instrument, practically all households are able to pay the bills, so there
is only a few households that face a water shuto�. If the social aid is enabled, the NL-party gathers
enough social support to disable such instruments, before demanding greater private participation
in the water management (therefore, this instrument does not produce any e�ect).

Scenario St2

This scenario simulates the social behaviour of a population of households whose value-profiles are
100 % conservative and the policy-influencers.

The outcome of this scenario is similar to the previous case. Themain di�erences lay on the “political
successess” of the policy-influencers. For instance, if the NL-party demands for more private partici-
pation in the water management, in most of the simulations this demand is not successful.

During the water restriction period, thewater utility is able tomaintain thewater fees (that is, it coun-
ters the attempts of themunicipality to lower the water fees), since this measure is framed as an in-
tervention to promote competence, e�iciency (i.e. a more “rational” use of water) and water security
(e.g. “using little water todaymeans havingmorewater for tomorrow”). A�er the restriction is li�, the
rebound e�ect in households’ water use is not produced (in comparison towhat happens in Fig. 10.7).

Scenario St3

This scenario simulates the social behaviour of a population of 100% universalist households and the
policy-influencers.

In the first year, households achieve a water use of 140 L/p·d (without intervention of themunicipal-
ity), which causes the service-cost recovery-rate to drop to 90 % (see Scenario Sm1). Once policy-
influencers start to interact with households, one of the first measures to be enacted is to increase the
public participation of the water management, raised by the S-party. Since all households are uni-
versalist, and this measure is framedwith the values of control, social justice and citizen participation,
the proposal is immediately executed. Meanwhile, the NL-party advocates for increasing the private
participation, unsuccessfully.

The social movement focuses on social justice, namely on the impact of water fees on vulnerable
households. According to the input statistical data, there is a group of households with low income,
that makes them particularly vulnerable and sensitive to water fees (Fig. 10.3). Thus, since the evalu-
ation is focused on this disadvantaged group, the social movement immediately advocates for social
mobilisation, in order to not pay the water bills as a measure of social protest. Consequently, all the
households support themeasure—a�erhaving reducedprivateparticipation in thewatermanagement—
anddeclare themselves insubordinate. This causes the service-cost recovery-rate todrop to0%(since
the protest is 100 % supported) (Fig. 10.11).
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Figure 10.11: Service-cost recovery-rate in the
scenario St3

Figure 10.12: Policy-influencers’ satisfaction in
the scenario St3

Thewater utility and the SL-party advocate for increasing water fees to ensure the service-cost recov-
ery, but they cannot gather any social support. Themunicipality, that is a�orded to increase of water
fees regardless of their social support, does so in order to deal with the drop of recovery of service
costs. Despite themunicipality trying to raise water fees, both the social movement and the S-party,
backed by the entire population of households, manage to decrease the water fees to very low levels
(with a service-cost recovery-rate of approximately 35 %). A�er that, they call the social mobilisation
to finish. Besides, at some point a�er the social mobilisation has been started, the social movement
achieves the enactment of the social aid. Anyway, in the end, practically no household applies for the
social aid due to the low fees.

According to theway value profiles are implemented, the socialmovement experiences high variation
in its political satisfaction (Fig. 10.12). The reason is that, a�er it achieves to push for its demands, it
is highly satisfied with regard to citizen involvement (i.e. all households have supported one of its de-
mands), which causes its political satisfaction to rise. This causes that households are also politically
satisfied, to the point theywill not support for the coming socialmovement political demands (that is,
they consider that the world-state is fine, because a�ine policy-influencers—and especially the social
movement—said so, as theywere successful in pushing their demands). Thus, when socialmovement
advocates for social justice related demands (e.g. reducewater fees, social aid, etc.), since households
are satisfied, the social movement does not gather any social support for those demands. This causes
the social movement to be displeased with regard to citizen involvement, which is communicated to
households to decrease their political satisfaction andmake themopen to consider political interven-
tions (“theworld-state is not fine yet and nobody is doing anything to address it!”). In some cases, it is
cyclic: (1) households do not support the political demand; (2) the socialmovement’s satisfactionwith
regard to citizen involvement decreases; (3) then households are displeased and support the political
demand; (4) making the social movement’s satisfied with regard to citizen involvement; and then back
to (1).

According to this, when the number of households in debt is reduced, the satisfaction with regard to
social justice of policy-influencers increases, which may make households so satisfied to the extent
they will not seek any political demand to support. This causes satisfaction with regard to citizen in-
volvement to drop because households do not support social movement’s demands. The same can
happen when increasing the share of public participation in the water utility. Thus, ironically, im-
provements in social justice and controlmay lead to social discontent, according to the model.

If social aid is enabled, the outcome is practically the same. The NL-party advocates for suppressing
this aid without any success. If water shuto�s are enabled, the outcome does not change notably:
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prior to the call to social mobilisation, the social movement advocates for banning such practice.

When these twomeasures are combined (social aid and water shuto�s), the outcome is, in general, a
stable casewithout socialmobilisation (Figs. 10.13 and 10.14). It happenswhenvulnerable households
are able to deal with their debts in the first time-steps (remember that it is partially random), while
the socialmovement and the S-party are demanding an entirely-public operatedmanagement (which
successes). A�er this, as vulnerable households have managed to escape from this vicious circle of
debts with the help of the social aid, there are no water shuto�s, despite being allowed —which is
what the social movement and the S-party are monitoring to evaluate the world-state with regard to
social justice. Consequently, the social movement is satisfied (as there are no shuto�s) and does not
have any political demand. Households are also satisfied, since they are informed through the social
movement, so they are not motivated to support any demand. Meanwhile, the S-party advocates for
disabling the water shuto�s, but it does not gather social support because households are already
satisfied.

Figure 10.13: Service-cost recovery-rate in the
scenario St3 withwater shuto�s and social aid

enabled

Figure 10.14: Policy-influencers’ satisfaction in
the scenario St3 withwater shuto�s and social

aid enabled

Scenario St4

This scenario simulates the social behaviour of the policy-influencers and a population of households
whose value-profiles are 50 % universalist, 25 % self-centred, and 25 % conservative (as shown in sce-
narios Sm1 and Sm2, self-centred and conservative lead to similar outcomes). Additionally, (1) house-
holds’ income has been reduced to 25 % (economic crisis), and (2) social aid and water shuto�s are
enabled from the beginning.

The average water use drops during the first year, from 320 L/p·d at the start of the simulation to
140 L/p·d (Fig. 10.15). Notably, many households have debts with the water utility —number that de-
creases with the level of water use. Most of them are beneficiaries of the social aid. On average, 10 %
of the households su�er from water shuto�s (Fig. 10.17), which causes that water demand is greater
than water use on average (Fig. 10.15). The service-cost recovery-rate is sensitive to this: when house-
holds struggle topay thewaterbills, the indicator fluctuates rapidly (approximately from90%to75%)
(Fig. 10.16), which impacts on the political satisfaction of the policy-influencers that hold the compe-
tence value (and, consequently, on conservative and self-centred households’ satisfaction (Fig. 10.18)).

The municipality practically does not intervene, and, if it does, it reduces the water fees. The water
utility tries to increase the water fees, to achieve appropriate service-cost recovery. Meanwhile, the
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Figure 10.15: Service-cost recovery-rate in the
scenario St4

Figure 10.16: Policy-influencers’ satisfaction in
the scenario St4

S-party advocates for disabling water shuto�s. However, universalist households support social mo-
bilisation raised by the social movement.

Nonetheless, social mobilisation does not succeed, as there are not enough households that support
it —the social support reaches exactly the 50 %, while the action requires more than 50 %. Other
households support the increase of tari�s (raised by the water utility), while others want more pri-
vate investment to improve competence (raised by the NL-party). Anyway, households are in general
unsatisfied (Fig. 10.18), which indicates that the situation is socially unstable.

Figure 10.17: Vulnerable households in the
scenario St4. Those households that benefit
from social aid are more than half of the

population —notice that each year the social
aid is reset, and households must apply for it

again.

Figure 10.18: Households’ global satisfaction
depending on their value-profile in the

scenario St4
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10.6 Discussion

10.6.1 Insights withdrawn from the simulations

Although the model is not validated with real data, the simulations show realistic outcomes. First,
unsatisfied social expectations concerning values may lead to social acceptance issues and political
shi�s, as indicated in other works (see [269], which covers the energy domain). Second, the explo-
ration of outcomes may teach interesting conclusions about the domain.

The simulation suggests that agents concerning only wealth-related values (e.g. competence,wealth)
may be a barrier to e�icient water uses (i.e. 120 L/p·d) (Scenario Sm1). The water prices are, in gen-
eral, a�ordable for half of the population when they use high levels of water (i.e. 275 L/p·d), since the
median of the relative water bill (i.e. the ratio between the water bill and the household’s income) is
approximately 3.6 % (according to the UN, the service is a�ordable if the cost is lower than 3 % the
household’s income [257]). As these agents only react to economic signals, increasing water fees to
reducewater use pushesmost of the population to economic di�iculties. Thus, the problem is to pro-
gressively decrease water use without causing economic di�iculties, but using only economic instru-
ments (because households do not respond to other values). Another option is to rationing supply,
which is e�ective to achieve an e�icient water use, but it also leads to low levels of social acceptance
(Figs. 10.7 and 10.9). According to the present model, low levels of social acceptance trigger political
shi�s. Hence, policy-influencers could take advantage of the social unrest to promote extreme inter-
ventions (this is why it is interesting to consider dynamic value profiles in future works).

Adopting conservation practices contributes to reduce their water bill of vulnerable households. Yet,
this should not be the strategy of the authorities and water managers to avoid responsibility con-
cerning a�ordability for these households. Many conservation practices are a�orded by household
appliances (e.g. eco-mode programmes of washingmachines), and it must be expected that vulnera-
ble households cannot actually adopt them (thus making them unable to reduce significantly water
bills by means of adopting conservation practices). Furthermore, as shown in Scenario St4, provid-
ing vulnerable households financial support may contribute positively to the service-cost recovery
rate (in plain terms: a household that pays little contributes more than a household that pays noth-
ing) (Figs. 10.16 and 10.17). However, this instrument is specially subject to the notions of fairness of
the policy-influencers and households (i.e. they may consider that a household paying less than an-
other household, no matter its situation, is unfair and therefore it should not be a�orded). Thus, it
is advisory for these kind of counter-intuitive instruments to check the values of the population and
policy-influencers to decide whether it is necessary to launch a communication campaign to debunk
potential myths.

One clearly revealed value conflict is the one between competence (i.e. financial sustainability of the
service) and social justice (i.e. a�ordability of thewater service for every household). Trying to achieve
competence bymeans of increasing water fees will impact negatively on social justice. Likewise, com-
petence conflicts with e�iciency (i.e. prudent use of natural resources), because the less water is used,
the fewer the resources are collected by using water fees.

For this same reason, satisfaction of policy-influencers, concerning di�erent values, might be directly
opposed (e.g. social movement and NL-party). This means that policies for water public services are
committed to certain values while leaving others unattended, thus causing “winners” and “losers”.
The challenge here is to define the problem of management to consider the multiple values involved
and justify decisions according to this view (that is, not neglecting some values, but incorporating
themwithin the managed reality in order to generate other kind of solutions).
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10.6.2 Simulation of political phenomena

As explained for the case study in Chapter 9, it is a strong assumption to represent satisfaction as a
numerical measurement and use this as a causal mechanisms of the simulation model [71]. Social
acceptance and political actionmay bemotivated (or rejected) by diverse values andmultiple causes
(see [269]). For this reason, political behaviour arise from amore complexmodel of rationality, which
points for further research in how tomodel it in computational models.

Consequently, simulators to explore such phenomena are extremely di�icult to model and validate.
Since the socio-political world is complex, achieving to appropriately abstract policy-influencers be-
haviour may be impracticable: participating in political arenas involves many resources (e.g. eco-
nomic, cognitive, etc.), multiple political strategies and social interactions (e.g. long-term negotia-
tion, symbols disputation), and diverse political variables (e.g. power, legitimacy, etc.). Nonetheless,
although these models cannot be used for prediction policy outcomes, they may be useful for other
purposes (see [73]).

Thus, simulators groundedon theknowledgeofdomainexpertsmaybehelpful to test their intuitions.
The very exercise to model the value profiles of stakeholders may clarify what they value, which may
lead to adopt additional instruments to prevent, mitigate, or compensate damages. Hence, the simu-
lator contributes to explore in a more formal and analytical approach the e�ects of interventions: as
long as the model is realistic, it may inform the design of interventions. For public service manage-
ment, it can be useful for monitoring users’ satisfaction under di�erent scenarios (either policies or
events), and it can bemore powerful if combined with hydraulic models.

10.6.3 Policy-assessment support system

Despite not being implemented in themodel presented in this chapter, a policy-decision support sys-
temwould have an additional interface layer between the user (i.e. policy-maker) and the simulation.
Because the intentionof this chapter is to illustrate the stakeholders’ value-drivenbehaviourandcom-
putational approaches to simulate relevant value-related aspects, it has not been implemented so as
not to commit nor imply a particular policy decision-support framework (i.e. relevant values and indi-
cators, hierarchies, assessment, etc.). Anyway, it is convenient to mention that value-driven simula-
tors for policy assessment would rely on such frameworks to support the choice between alternative
options.

The decision-support layer would define the concrete framework by which the policy-maker is as-
sessing the (simulated) policy outcomes, eventually guiding its decision (See Sec. 4.6 in Chapter 4).
That is, the policy-maker would establish a set of values and indicators corresponding to the values
intended to be promoted or preserved, a set of evaluation/aggregation mechanisms —as been illus-
trated for the simulated stakeholders (see Appendix A)— and an assessment scope (e.g. time horizon).
Among the most basic decision-support outputs there could be a value assessment matrix (alterna-
tive policies against their assessment corresponding to di�erent values) and a overall score for each
policy option .

Interestingly, themodel limits thedecision-support framework, and this is anethical concern formodel
designers. In other words, the policy-maker may not be able to “assess” the policy outcomes with re-
gard of some values unless these are not part of the model. Therefore, the very model may bias the
decision-support frameworks.
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10.6.4 Further work

In the simulation only few policy shi�s can be observed. For instance, in the scenario St4, the social
movement intends to carry out a drastic shi� (in the sense that it entails significant e�ects but requires
much social support), instead of minor interventions, thus keeping the situation “unchanged”. This
points out to the necessity to expand action sets of policy-influencers and improve their capability of
reading the situation appropriately (that is, adapting their political demands tominor interventions if
they do not gather enough social support).

It is expected that a more sophisticated social model could make simulations more realistic (new ac-
tions for policy-influencers, such as ‘political-attacks’, ‘negotiation’, etc., and new actions for policy-
targets like ‘imitation’, etc.). Likewise, further research should address how to build realistic social
networks in urban environments.

Furthermore, in the present model, policy-influencers have the same capacity and legitimacy to push
for their demands, but that may be not the case in reality (for instance, some administrations may be
more open to negotiate with right-wing political parties rather than le�ist social movements). This
lead to consider the financial behaviour of the water-management company (involving profits, taxes,
reinvestment, subsidiary companies, corruption scandals, etc.), since it is extremely relevant for the
political world. Presumably, it is a source of social conflict, as agents may perceive the company’s
behaviour as unfair while their behaviour is being increasingly regulated. For instance, it is a common
argument for socialmovements topointout that thewaterutility is reportingprofitswhilehouseholds
struggle to pay the water bill.

Besides, notice that this model constitutes a particular understanding of the management of urban
water. In otherwords, themainpolicy-target are households, but other entities couldbealso relevant:
municipal water users, urban industries, etc. Aside from this, other simulators could use the notion of
policy-influencer not as actual political actors, but as stakeholders in amanagement boardwithin the
utility company.

Finally, at this level ofwork, themodeller canonly speculate about howvalues define households’ be-
haviour in the urbanwater domain (thus, simulations are purely hypothetical experiments). Notewor-
thy, Schwartz et al. explored the relation of core values to voting in Italian elections [227]. Therefore,
election results could guide the inference of value profiles, but it should be appropriately studied in
the Spanish case. That said, more fieldwork is necessary to explore values and behaviours (not only
profiles) tobuildmore realistic agents. Also, althoughvaluesprofiles are said tobestableduringadult-
hood [183], itmaybe interesting to consider that their understanding and evaluationmechanisms can
change due to political messages in the social space.

10.7 Closing remarks

A prototype based on agent-based simulation to explore the role of values in social acceptance and
policy shi�s in the urbanwater realmhas been presented in this chapter. Satisfaction and political ac-
tionhavebeenmodelledusing thenotionof values: theyexpress social expectations that areassessed
by observing and evaluating particular components of the reality. More precisely, policy-influencers
communicate evaluations concerning the whole systems in order to influence households to make
them to subscribe their political views and support their proposals. Accordingly, di�erent value pro-
files for the population of households lead to di�erent social outcomes.

The model has been built as an hypothetical situation to explore the social outcomes and the social
acceptance undermultiple scenarios concerning di�erent population value profiles. The applicability
of the simulation of these models is quite promising, since it could be used to improve management
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policies and social acceptability in di�erent challenging situations (e.g. heat waves, economic slow-
down, etc.).

However, although the model is realistic, simulation of these phenomena requires much field work
(i.e. values, behaviour models, actions, social interactions, etc.). Many disciplines are involved and,
consequently,much e�ort has to be done to e�ectively assemble diverse knowledge from these fields
(e.g. psychology, economy, water engineering, sociology, etc.). Working on particular case studies
would allow a more accurate representation of the actual phenomena that is explored, besides in-
cluding concrete insights from experts. At this point, this work can only present a simple prototype
that illustrates how these simulators may be useful as policy-support systems.

10.8 Appendix A: Policy-influencers

10.8.1 Municipality

Values. Its core values are control, competence, citizen involvement, and water security (Table 10.12).
This stakeholder considers that its main task is to monitor and address water security to protect the
population from water-related threats. Moreover, it has to ensure that citizens can have a say in how
these public services are managed (i.e. citizen involvement). It is convenient that these water ser-
vices are financially sustainable and provide an appropriate service to citizens, as much as possible
(i.e. competence). Finally, since themunicipality is the holder of- and ultimate responsible for the wa-
ter public services, this stakeholder considers that control to be relevant—which could facilitate their
tasks.

Table 10.12: Values of the municipality

Value items
(ranked)

Weight Main indicators

Water security 4 Average water use (L/p·d)

Competence 2 Service-cost recovery rate (%)

Control 2 Public participation in the water utility (%)

Citizen
involvement

1 Households supporting a political demand (%)

Value functions:

— Water security. This function assesses the world-state with respect towater security using the
average water use (namely, the average revenue water, in L/p·d) as indicator (Fig. 10.19).

— Competence. This function assesses competence of the management using the service-cost
recovery rate through water fees (in %) (Fig. 10.20).

— Control. This function evaluates the world-state using the share of public participation in the
water utility (in %) (Fig. 10.21). It is only executed if the average political satisfaction of house-
holds is lower than0.6 (that is, control is not an important issueunlesshouseholdsarepolitically
displeased, which will require political intervention).
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Figure 10.19: Municipality’s value function for
water security

Figure 10.20: Municipality’s value function for
competence

Figure 10.21: Municipality’s value function for
control

Figure 10.22: Municipality’s value function for
citizens involvement

— Citizens involvement. This function assesses the citizens involvement using the number of
households that support a political demand (in %) (Fig. 10.22). It is only executed if the aver-
age political satisfaction of households is lower than 0.5 (that is, if households are politically
displeased, themunicipality considers that they should express their political views).

Political demands. Its main actions are intended to maintain the water security, by means of eco-
nomic instruments (e.g. water tari�s), normative instruments (e.g. establishing a maximum supply)
andpersuading instruments (i.e. campaign to increase environmental awareness) (Table 10.13). More-
over, some of these instrumentsmay be used to increase competence, in terms of covering the service
costs. As long as these values are ensured, these means may be relaxed.

Political requests. Themunicipality can enact some political demands of other policy-influencers, as
long as these gather enough social support from households (Table 10.14).
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Table 10.13: Set of political demands of the municipality

Demands Preconditions Additional
(adv.)

Additional
(enact.)

Framing Type

Enable
maximum
supply

C6 ă 0.1 Maximum supply
is disabled

— — Enactable

Disable
maximum
supply

C6 ą 0.8 Maximum supply
is enabled

The average
water-demand of
a 10 % of the
households,
randomly

selected, is below
150 L/p·d

— — Enactable

Increase tari�s (C2 ă 0.6 and
C6 ă 0.4) or
(C2 ă 0.3)

— — — Enactable

Reduce tari�s (C2 ą 0.8) and
(C6 ą 0.8)

γ ą 0 — — Enactable

Environmental
awareness
campaign

C6 ă 0.6 — — — Enactable

Table 10.14: Set of requests sent to the municipality

Requests Preconditions Additional

Enable supply shut o� Social-support > 60% Supply shut o� is disabled

Disable supply shut o� Social-support > 20 % Supply shut o� is enabled

Increase tari�s Social-support > 40% —

Reduce tari�s Social-support > 40% γ ą 0

Enable social aid Social-support > 30 % Social aid is disabled

Disable social aid Social-support > 30 % Social aid is enabled

Direct management Social-support > 40% Public-participation < 100%

Increase private participation Social-support > 40% Public-participation > 0%
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10.8.2 Water utility

Values. Its core values are competence and e�iciency (Table 10.15). This stakeholder considers its
main task to supply water economically and o�er a high-quality service (i.e. competence). Addition-
ally, since the public service uses water resources in order to meet citizens’ needs (namely, supply
water for multiple essential domestic purposes like hygiene and sanitation), it has to ensure that this
objective is met with the least amount of water resources (i.e. e�iciency).

Table 10.15: Values of the water utility

Value items
(ranked)

Weight Main indicators

Competence 3 Service-cost recovery rate (%)

E�iciency 2 Average water use (L/p·d)

Value functions:

— Competence. This function assesses competence of the management using the service-cost
recovery rate through water fees (in %) (Fig. 10.23).

— E�iciency. This function assesses the e�iciency of the public service as the average water use
(in L/p·d) to met the citizens’ needs (Fig. 10.24).

Figure 10.23: Water utility’s value function for
competence

Figure 10.24: Water utility’s value function for
e�iciency

Political demands. Its main actions are intended to increase the competence by means of economic
instruments (e.g.water tari�) and increase thee�iciency bymeansofpersuading instruments (e.g. cam-
paign to increase environmental awareness) (Table 10.16).
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Table 10.16: Set of political demands of the water utility

Demands Preconditions Additional
(adv.)

Additional
(enact.)

Framing Type

Increase tari�s C2 ă 0.8 — — F2 “ F3 “ F6 “

1
Advocated

Environmental
awareness
campaign

C3 ă 0.8 — — — Enactable
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10.8.3 Social movement

Values. Its core values are control, social justice, and citizen involvement (Table 10.17). This stake-
holder advocates for the municipality to have the e�ective control of the public service. Moreover,
citizens should participate in expressing their opinions with regard to the water governance (i.e. citi-
zen involvement). Themain focus is to havemeans to foster social justice, namely protecting the rights
of citizens and ensuring a safe and a�ordable water supply for everybody.

Table 10.17: Values of the social movement

Value items
(ranked)

Weight Main indicators

Citizen
involvement

3 Households supporting an a�ine political demand (%)

Social justice 2 Households with their supply shut o� (%);
Average share of the income that is used to cover the water bill of those

households whose income is lower than 13,000 eur (%)

Control 1 Public participation in the water utility (%)

Value functions:

— Citizens involvement. This function assesses the citizens involvement using the number of
households that support a political demand that the social movement would advocate for (see
Table 10.18) (in%) (Fig. 10.25). When the socialmovement is not advocating for any intervention,
or it has already managed to enact it, its satisfaction is 1.

— Social justice. The socialmovement assesses theworld-statewith respect to social justiceusing
two di�erent value functions. If supply shuto�s are enabled, social justice is assessed bymeans
of thenumberofhouseholdswhose supplyhasbeenshuto� (in%) (Fig. 10.27). If supply shuto�s
are disabled, social justice is assessed bymeans of the averagewater bill relative to the income,
for those households whose income is lower than 13,000 euros per year (in %) (Fig. 10.28).

— Control. This function evaluates the world-state using the share of public participation in the
water utility (in %) (Fig. 10.26).

Figure 10.25: Social movement’s value
function for citizen involvement

Figure 10.26: Social movement’s value
function for control
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Figure 10.27: Social movement’s value
function for social justice if water-supply

shuto�s are enabled

Figure 10.28: Social movement’s value
function for social justice if water-supply

shuto�s are disabled

Political demands. Its demands are intended to ensure the social justice, by means of economic in-
struments (e.g. reducing water tari�s), normative instruments (e.g. water shuto� ban), financial in-
struments (e.g. social aid), and persuading instruments (e.g. social coordination to not paywater bills
massively) (Table 10.18).

Table 10.18: Set of political demands of the social movement

Demands Preconditions Additional
(adv.)

Additional
(enact.)

Framing Type

Social
mobilisation

C4 ă 0.2 Mobilised
households < 50%

Social-support >
50 %

F4 “ F5 “ 1 Advocated +
Enactable

End
mobilisation

C4 ą 0.5 Mobilised
households > 0 %.

— — Enactable

Direct man-
agement

(C1 ă 0.5) or
(C4 ă 0.6)

Public-
participation <

100%

— F1 “ F2 “ F4 “

1
Advocated

Disable
supply shut

o�

C2 ă 0.8 Supply shut o� is
enabled.

— F4 “ 1 Advocated

Enable social
aid

C4 ă 0.8 Social aid is
disabled.

— F4 “ 1 Advocated

Reduce
tari�s

C4 ă 0.6 γ ą 0 — F4 “ 1 Advocated
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10.8.4 Political party “NL”

Values. Its core value is competence (Table 10.19), understanding that the public service must not en-
tail excessive costs for citizens. It claims that, for this to happen, competentmanagement is necessary,
which private companies are more likely to achieve in comparison to public entities, since they have
more resources andmore incentives.

Table 10.19: Values of the political party “NL”

Value items
(ranked)

Weight Main indicators

Competence 1 Service-cost recovery-rate (%)

Value functions:

— Competence. This function evaluates the competence of the management using the service-
cost recovery-rate with water fees (in %) (Figs. 10.29). If the share of public participation in the
water utility is larger than the private’s, the value function is slightly more strict.

Figure 10.29: NL-Political party’s value
functions for competence

Political demands. Its demands are intended to ensure the competence, by means of suppressing
financial instruments oriented to social assistance (e.g. disable social aid), and increasing the partic-
ipation of private stakeholders in the water utility (Table 10.20).
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Table 10.20: Set of the political demands of political party “NL”

Demands Preconditions Additional
(adv.)

Additional
(enact.)

Framing Type

Private
participation

C2 ă 0.5 Public-
participation >

0%

— F2 “ 1 Advocated

Disable social
aid

C2 ă 0.8 Social aid is
enabled.

— F2 “ 1 Advocated
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10.8.5 Political party “SL”

Values. Its core values are competence and social justice (Table 10.21). This stakeholder advocates for
a public service that protects citizens’ interests (e.g. a�ordable, universal access, etc.) but it has to be
economically sustainable (i.e. competence) —otherwise, it would not be resilient enough (to political
attacks or economic shocks, for instance).

Table 10.21: Values of the political party “SL”

Value items
(ranked)

Weight Main indicators

Competence 3 Service-cost recovery rate (%)

Social justice 2 Average share of the income that is used to cover the water bill of
households (%)

Value functions:

— Competence. This function evaluates the competence of the management using the service-
cost recovery-rate by means of water fees (in %) (Figs. 10.30).

— Social justice. This function assesses theworld-state with respect to social justice using the av-
erage water bill relative to the income, taking all the households into account (in%) (Fig. 10.31).

Figure 10.30: SL-Political party’s value
function for competence

Figure 10.31: SL-Political party’s value function
for social justice

Political demands. Its demands are intended to promote competence by means of economic instru-
ments (e.g. increasing water fees) and to ensure social justice through economic instruments (e.g. re-
ducing water fees), financial instruments (i.e. social aid), and normative instruments (e.g. water shut-
o� ban) (Table 10.22)
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Table 10.22: Set of political demands of the political party “SL”

Demands Preconditions Additional
(adv.)

Additional
(enact.)

Framing Type

Increase tari�s C2 ă 0.5 — — F2 “ 1 Advocated

Reduce tari�s C4 ă 0.5 γ ą 0 — F4 “ 1 Advocated

Enable social
aid

C4 ă 0.7 Social aid is
disabled.

— F4 “ 1 Advocated
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10.8.6 Political party “S”

Values. Its core values are control and social justice (Table 10.23). This stakeholder considers that
social justice is extremely important, but unreachable unless there is an e�ective institutional control
over the water public service.

Table 10.23: Values of the political party “S”

Value items
(ranked)

Weight Main indicators

Control 3 Public participation in the water utility (%)

Social justice 2 Households with their supply shut o� (%);
Average share of the income that is used to cover the water bill of those

households whose income is lower than 13,000 eur (%)

Value functions:

— Control. This function evaluates the world-state using the share of public participation in the
water utility (in %) (Fig. 10.34).

— Social justice. Thispolicy-influencer assesses theworld-statewith respect to social justiceusing
two di�erent value functions. If supply shuto�s are enabled, social justice is assessed bymeans
of thenumberofhouseholdswhosesupplyhasbeenshuto� (in%) (Fig. 10.32). If supply shuto�s
are disabled, social justice is assessed bymeans of the averagewater bill relative to the income,
for those households whose income is lower than 13,000 euros per year (in %) (Fig. 10.33).

Figure 10.32: S-Political party’s value function
for social justice if water-supply shuto�s are

enabled

Figure 10.33: S-Political party’s value function
for social justice if water-supply shuto�s are

disabled

Political demands. Its demands are intended to achieve control over the water utility (by means of
increasingpublic participation) and toensure social justice througheconomic instruments (e.g. reduc-
ing water fees), normative instruments (e.g. water shuto� ban) and persuading instruments (e.g. so-
cial mobilisation) (Table 10.24)
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Figure 10.34: S-Political party’s value function
for control

Table 10.24: Set of political demands of the political party “S”

Demands Preconditions Additional
(adv.)

Additional
(enact.)

Framing Type

Direct man-
agement

C1 ă 0.5 Public-
participation <

100%

— F1 “ F4 “ F5 “

1
Advocated

Disable
supply shut

o�

Always Supply shut o� is
enabled.

— F1 “ F4 “ 1 Advocated

Social
mobilisation

C4 ă 0.3 Mobilised
households < 30%

Social-support >
50 %

F1 “ F4 “ F5 “

1
Advocated +
Enactable

End
mobilisation

C4 ą 0.5 Social
mobilisation is

active

— — Enactable

Reduce
tari�s

C4 ă 0.7 γ ą 0 — F1 “ F4 “ 1 Advocated
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10.9 Appendix B: Demands/Actions and e�ects

Table 10.25: Enactable demands and e�ects

Demand E�ects

Reduce tari�s - Decrease factor γ (which multiplies water fees) by 0.10

Increase tari�s - Increase factor γ (which multiplies water fees) by 0.10

Disable social aid - Households whose income is below 13,000 are not a�orded to benefit from lower water
fees.

Enable social aid - Households whose income is below 13,000 are a�orded to benefit from lower water fees.

Disable maximum
supply

- Households are a�orded to use as much water as they request.

Enable maximum
supply

- Households are not a�orded to use as much water as they request (namely, they can only
use 120 L/p·d).

Disable supply
shut-o�

- Water Utility is not a�orded to shut households’ supply o� when they are overdue.

Enable supply
shut-o�

- Water Utility is a�orded to shut households’ supply o� when they are overdue.

Environmental
awareness campaign

- Universalist households will try to adopt a new conservation practice.

- Conservative households will try to adopt a new conservation practicewith a 50% chance.

- Self-centred households will not adopt any conservation practice.

Social mobilisation - Self-centred and universalist households that supported social mobilisationwill not pay
their water bills (their debt is not increased).

Endmobilisation - Households that supported social mobilisation and did not pay their water bills return to
their regular state.

Direct management - Private participation in the water utility decreases 25 %.

Increase private
participation

- Private participation in the water utility increases 25 %.
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Further work and conclusions
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Chapter 11

Further work

The main objective of this dissertation was to understand the role that values play in policy-making
and how agent-based simulation can be used to support assessment of value-driven policies. Al-
though the work was driven by scientific and academic values and is so reflected in the body of this
dissertation, there was also the empirical motivation of developing technology for artifacts that are
useful in actual practice.

This chapter reflects on how what has been accomplished so far can be further developed. Namely,
the conceptual contributions of Part II in terms of potential developments for Artificial Intelligence:
(i) The use of the framework as a testbed for the “value-alignment problem”; (ii) the design of value-
imbued socio-cognitive technical systems that involve hybrid populations of agents (human and ar-
tificial); and (iii) two potential venues for the use of the framework (value alignment of norms and
value-based argumentation in policy design).

11.1 Value-alignment problem1

The popularity of some recent applications of AI has given rise to some concerns in society about the
risks of autonomous AI-systems [85, 21, 249]. In response, many scholars and philosophers have fo-
cusedon thenecessity to orientate scientific and technological e�orts towards a responsible develop-
ment of AI, putting “ethics in AI” in the research agenda (e.g. “AI4People” [86], “value-sensitive” [196],
etc.).

The conceptual framework can contribute to this end, since it provides a useful double-perspective
explore values in AI-backed systems. In particular, by considering values as individual standards that
motivate the conduct of the agents and as social standards that concern the society as a whole, it
emphasises the two focci ofdesign: (i) oneconcerns thedesignof thecoordination system(e.g. norms,
protocols, etc.) and (ii) the other focuses on the design of behaviour models of agents.

One focus of AI concerns is on the risks associated with the autonomy of artificial entities and the
so-called Value-Alignment Problem (VAP), which declares that autonomous entities should behave
according to human values [211]. Similar cases have been explored in behavioural ethics in organ-
isations (see [255]) (for instance, ethical leadership, moral entrepreneurship, and ethical culture in
businesses [132, 42, 169]). Since AI-backed systems exhibit increasingly complex behaviour, whose
conduct have a significant impact on human systems, di�erent strategies may be adopted:

1Apreliminary versionof this sectionwaspresented in the 18thMexican International ConferenceonArtificial Intelligence
(MICAI19) (see [186]).
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— Design the system so that autonomy is compatible with human values and value-aligned be-
haviour is fostered (e.g. value-sensitive design [195, 196]);

— Make agents capable of reasoning about moral values and teach them to “do the right thing”
(see [21, 15]).

Interestingly, any of these strategies requires away to “guarantee” that agents behavemorally or that
autonomous systems are “provably aligned” with a set of values [211]. This constitutes a current im-
portant theoretical problem in AI. Although it is unlikely that the value alignment problem may be
solved for every autonomous system, it is plausible to develop formal and methodological means to
eventually support their provability.
In this spirit, a fundamental contribution of the framework with regard to this problem is its dou-
ble perspective of values. Supported on the notion of socio-cognitive technical systems —which are
constituted of two first-class entities: autonomous agents and a social space—, the framework con-
siders values (i) at a social scale, which result from governing the collective activity of agents; and
(ii) at the agent scale, which underlie their reasoning and motivate their individual behaviour in the
social space. In other words, agents interact within a social space that is designed so that it ensures
that social values are preserved (by means of instruments that “foster” a value-aligned behaviour in
agents). In fact, according to this view, policy-making is one particular case of the value-alignment
problem: policy design involves steering agent behaviour (which is driven by values), by promoting
and discouraging certain actions using instruments such as taxes, subsidies, bans, and information
campaigns [75], in order to improve the state of a�airs with respect to a constellation of social val-
ues. The framework proposes a methodology that is helpful to design systems to “prove” that social
values are preserved. By expressing values in operational terms (that is, instantiating them into fac-
tual indicators), it is possible to establish value assessment frameworks (basically, design evaluative
mechanisms to assess the state of the systemwith regard to social values).
In this dissertation twocase studies in thewater domainhavebeenexploredusing the framework, but
there are other paradigmatic problems in AI that can also benefit from this approach. For instance,
there is the case of Autonomous Self-driving Vehicles sharing public road infrastructure. In this ex-
ample, values are reflected (i) in the way autonomous self-driving vehicles are designed to behave
(e.g. selfish, cautious, etc), as well as (ii) in the standards that are used to assess the “goodness” of
the social outcome (e.g. safety, environmental impact, punctuality, etc). Model-problems include, to
name a few, to design decision-making models of autonomous vehicles concerning di�erent values
(or hierarchies), and also to choose alternative social values for road-infrastructure governance and
their operational definition (for example, “safety” may be evaluated as a function of four factual indi-
cators: number of accidents, tra�ic density, vehicle-type distribution, and speed limits).
This leads to several research questions: what values are convenient for the di�erent domains? What
variables need to be observable in order to assess the state of the system with regard to a given value?
What alternative models can be designed to evaluate and aggregate values? What are the connections
between values, goals, motivations, and personality? How can one measure the significance of values,
norms, rhetorical messages with respect to a value?

11.1.1 Design of artificial socio-technical systems

Primiero [200] distinguishes between two type of systems that can simulated by means of ABM:
— Natural systems. In these cases, themodel aims at mimicking the behaviour of natural agents
in naturally occurring environments (i.e. socio-ecological systems). For instance, agents that
emulate the human behaviour in an agro-ecosystem, whose social-level outcome —altered by
di�erent policies— is the subject of assessment. This approach is used mainly in economics,
sociology, ecology, biology and environmental sciences.
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— Artificial systems. In these cases, the model aims at creating novel artificial environments,
where the (social) agents interact. Thesearemore commonly referred toasmulti-agent systems
(MAS), which are covered in computer science and engineering. This approach is used basically
in computer engineering for designing socio-cognitive technical systems for robotics andonline
platforms (e.g. norms, protocols, etc.).

On the one hand, and following this distinction, one can see the type of agent-based simulation for
supporting policy-making in natural systems, where policy decisions take values and their conse-
quences into account, by testing and assessing their e�ects on virtual societies (as illustrated in Chap-
ters 9 and 10).

On the other hand, some AI core ethical concerns can be treated as comprehensive design problems
by assuming (i) that autonomous artificial entities are embedded in ecosystems with other artificial
and human agents (where social values are essential); (ii) that collective actions involve trade-o�s
that reflect individuals’ objectives and the constraints and a�ordances defined by of the ecosystem;
and (iii) that those trade-o�s reflect the values of stakeholders and the ecosystem as a whole.

Thus, (value-driven) agent-based modelling can be useful to frame the problem of imbuing values
in autonomous artificial entities, from a dual perspective: imbuing values in the social coordination
system, and imbuing values in individuals’ behaviour). Simulation o�ers a “sandbox” for designing
artificial systems that allows to test and assess the social e�ects of artifacts, either digital (e.g. social
platforms, profiling by means of algorithms, etc.) or hybrid (e.g. smart transportation infrastructure,
water technologies, etc.), before implementing such “solutions” in the real world. The key point is
the shi� of value conflicts approach from isolated agents to socio-cognitive technical systems (multi-
agent system). Hence, the focus of design is twofold: (i) modelling a coordination system (e.g. norms,
protocols, etc.) and (ii) modelling the behaviour of the agents.

Designers who want (or are requested) to imbue a value into a socio-cognitive technical system can
follow themethodology presented in Chapter 8: (1) take those social values to be imbued; (2) contex-
tualise them into the domain and translate them into factual indicators; and (3) explore instruments
that lead to improve or preserve assessment-frameworks based on those indicators.

Hence, by considering the conceptual framework and suggestions presented in this dissertation, the
design process goes beyond a value-sensitive design [195, 196] and introduces values in the virtual
laboratory to test the e�ects of artifacts in an artificial society. Simulation could identify that some ar-
tifacts shouldbecombinedwith somesocial coordination instruments—beforedeployingor releasing
the artifact in the real world. Furthermore, this could be supported by online simulators where di�er-
ent stakeholders could test their concerns andquestion decisions (and also the very artificial society),
thereby implementing a space of cooperative design.

11.1.2 Impact assessments of SCTS

Nowadays, there are increasing concerns about the social e�ects of digital platforms and so�ware so-
lutions. This takes special relevance considering thatmany of these systems have been implemented
without previous assessment of their social e�ects. While in some engineering fields these concerns
havebeen formalisedasprofessional standardsor impact assessmentprocedures (e.g.Environmental
Impact Assessment in civil engineering), regulation is being quite slow in the case of digital artifacts.

Digital platforms have a purpose for which the system is designed, but their usemay entail undesired
social e�ects (for instance, YouTubeprovides a platform towatch and sharemedia, but its recommen-
dationalgorithm isknowntohavebeenabused to recommend increasingly extremeandcontroversial
videos). For this reason, much research aims at taking social values into account to assess the perfor-
manceof these systems. Interestingly, asWagner [265] pointedout, the development and adoptionof
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ethical guidelinesmay be fuelled in order to escape from government regulation, and thus constitute
a voluntary non-binding code of conduct (see also [264]).

With this inmind, an impact assessment protocol could be a regulatory requirement for AI-backed sys-
tems to be implemented, leading to similar protocols as the Environmental Impact Assessment2 for
engineering projects, involving, in rough terms, the following stages:

1. The promoter presents to the corresponding Authority the initial SCTS-project, including a re-
quest to determine the scale of assessment.

2. TheAuthority consults relevantAgenciesandstakeholders for suggestions, anda�erwards sends
a “scope document” to the promoter—which would help the promoter to elaborate the impact
assessment document.

3. The promoter sends the SCTS-project and the initial impact assessment document to the Au-
thority.

4. Theproject isdisclosed. Stakeholders cansuggest, appeal, oradvocate for changes. Theprojects
of this process is then sent back to the promoter.

5. The promoter has to send back to the Authority: (1) a request for the project to be assessed;
(2) a technical report of the project; (3) an final impact assessment document; and (4) appeals
resulting of the project disclosure process.

6. If this application is admitted, the corresponding Agencies will conduct an assessment of the
project. The result of this process is an Impact Assessment Declaration.

7. If the declaration is positive, it has the nature of a prescriptive report, defining under what cir-
cumstances the project can be executed, and what are the required preventive, corrective, and
compensatory measures.

Generally, a third-party entity carries out the impact assessment, in order to avoid possible conflict of
interests. This consultancy service may be explored as a “new” business activity in the next future.

11.2 Value alignment in norms3

The conceptual framework of this dissertation provides a “language” and a set of assumptions that
delimit the problem in a simple way. Based on this framework, some intuitive applications can be
identified and further formalised to provide more abstract problems.

Informally speaking, the Value Alignment Problem can be viewed as to what extent are agents’ deci-
sions (and hence actions) aligned with the values to be imbued. One can use the conceptual frame-
work of the dissertation in the context of norms. In Normative Multiagent Systems, since norms gov-
ern behaviour (i.e. decisions and actions) the alignment canbe expressed as “suitability” between the
norms that govern behaviour and the values that are held. This constitutes an interesting problem: to
choose and apply norms in order to achieve valued states of the world.

In this problem, as discussed in [234], the world is modelled as a Labelled Transition System (LTS) [95]
and is described as a set of states and actions that allow tomove from one state to another. As estab-
lished in the framework, values serve to assess the “goodness” of a state of the world and to decide
whether an action is preferable to another. Because of consequentialism and commensurability it is
possible tomake comparisons and establish preferences between states of theworld, and also assess
whether the e�ect on an action produces a “better” state or not —since the state of a SCTS changes

2https://en.wikipedia.org/wiki/Environmental_impact_assessment
3A formal approach of this section was presented in the Responsible Artificial Intelligence Agents workshop (RAIA) in

AAMAS19 (see [234]). It focused on the alignment of a given system with respect to a given value, for which it explored the
relationships between values, actions and norms.
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when an agent executes that action. When applying a norm to a given world, it alters the transitions
and their resulting states (because certain actions are banned or obliged).

Assumingmultiple agents andmultiple values, one has to deal with aggregation of value-based pref-
erences from di�erent perspectives. (i) An individual agent may want to aggregate preferences over
states with respect to multiple values (i.e. one agent’s preference with respect to a set of values).
(ii) Similarly, the preferences over the states with regard to one value can be aggregated from a social
perspective (i.e. a group of agents’ preference with respect to a given value). (iii) Finally, the prefer-
ences with respect to multiple values can be aggregated socially (i.e. a group of agents’ preference
with respect to a set of values).

11.3 Values in argumentation for policy-making4

The policy-making cycle involves multiple stakeholders that compete to steer policies towards their
(conflicting) interests. For instance, in the domain of agricultural water use, farmers may want a reli-
able non-restricted supply to ensure the productivity of their farms, while environmentalist organisa-
tions want water use to be regulated in order to protect the ecological status of water bodies.

Argumentation is a device that is o�en used to address these conflicts. Policy-makers and stakehold-
ers argue about the advantages of choosing specific means or to compensate, refine or discard them.
Stakeholders need to argue in favour or against specific actions or policymeans thatmay lead to par-
ticular outcomes in order to agree on a policy. Interestingly, these arguments in practice tend to in-
volve values, since these are o�en invoked to justify proposals. As mentioned in previous chapters,
values are directly involved in determining whether a state of a�airs is “better” and in determining
what might be the “right” action to take.

Thus, exploring the dialectical argumentation in value-driven policy-making systems is an interesting
research line, particularly useful in the design and negotiation stages of the policy cycle. In this line,
the conceptual framework provides a “language” that covers multiple relevant elements, as well as a
set of simplifying assumptions. For instance, it assumes a given set of social values, which can be ob-
jectively assessed by evaluating some indicators, uponwhich policy decisions aremade. This applies
to several situations that involves argumentation: about the operational definition facts and values of
a problem, about whether values are satisfactorilymet at any point in time or not, or about accepting
the results of a simulation, to name a few. As illustrated in [252], the conceptual framework assumes
a value-based agent specification that allows to reason with values, allowing to identify what actions
can be taken by the agent to reach a target state (deemed desirable with regard to the agent’s values).

4A formal approach of this section was published in Annals of Mathematics and Artificial Intelligence (see [252]). It pro-
posed a formal framework to support the choice of actions of a value-driven agent and arrange them into plans that reflect
the agent’s preferences.
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Chapter 12

Application to water management

Artificial intelligence in general, and agent-based simulation in particular, can provide tools to simu-
late the e�ects in controlled (artificial) environments without committing resources and exposing the
system to real e�ects. This approach can be useful to generate new tools in thewater industry, as sug-
gested in this chapter —apart from examining socio-hydrological phenomena as shown in previous
chapters.

12.1 Agent-based simulation and digital twins

Simulation is increasingly used in the water-industry through the so-called digital twins (see [35]).
Although they do not use the same approach as agent-based simulation, they do have a similar con-
ceptual approach, since they are basedonhaving a virtual replica of the systemwhere to conduct sim-
ulations without disturbing the real system. Technically speaking, a digital twin is a platformwhere a
virtual replica of physical assets or processes involved in the life cycle of a product or service is built
to optimise its management. However, the focus of digital twins is the long-term control and man-
agement of physical assets through predictive maintenance. Thanks to the Internet of Things (IoT),
physical assets areequippedwithdevices that cancaptureavarietyofdata in real-time, constantlyup-
dating thedigital twin (which acts also as a repository of data). These huge databases are then treated
usingmachine learning (ML) to predict possible failures and breakdowns, thus avoiding setbacks and
production losses by anticipating such events. In the water sector, digital twins are being developed
formanagement ofwater infrastructure (e.g.wastewater treatment processes, supply networks, etc.).

While digital twins are focused on the management of the physical infrastructure based on historical
data, ABMs can further expand such approach by including socio-cognitive aspects involved in the
systems and by considering new scenarios. In ABM, agents’ behaviour and networks are explicitly
modelled and not computationally inferred by data, and thus it is fully explanatory and can be con-
trastedwith theoretical insights and empirical evidence [92, 96, 261]. As long as themodels are sound,
ABM are capable to generate ‘what-if’ scenarios that produce previously-unseen events. Hence, they
may be a powerful tool to generate synthetic datasets or explore di�erent management strategies or
operating environments. Interestingly, Minsker et al. [166] pointed out that the consequences of cli-
mate change are invalidating many of the design assumptions about the operating environment in
which infrastructure are supposed to operate (for instance, the meteorological regime), making ur-
gent to explore new design and support-tools: thus, agent-based simulation could be used to explore
the performance of some designs under diverse scenarios).

Yet, the commercial exploitation of agent-based simulation is not widespread. Only a few companies
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provide consulting for strategic decision-making bymeans of new-scenario generation andmodels of
social behaviour (for example, customers’ brand selection, prediction of election results, etc).
Based on these insights, and beyond the context of digital twins, the hydraulic design and manage-
ment of physical assets could introduce social behaviour into account, either considering technical
components of industrial processes as social agents (IoT) or reproducing thewater-related behaviour
of theneighbours of a community under di�erent events. This could lead todevelopmodules of social
behaviour for traditional hydraulic engineering so�ware (e.g. SWMM for sanitary and sewage systems,
or EPANET for supply systems).
The inclusion of the socio-cognitive aspects and behaviour of citizens is deemed essential for man-
aging smart cities, because understanding human behaviour and reasoning (in choices, decisions,
mobility, activities, etc.) is key in design and management of city services. In fact, forecasting water-
demand has been broadly covered in agent-based models [158, 170, 88]. Also, there are European
projects that focuson“sewer sociology”1 in order to improve theknowledge the social habits onwaste
management from data of the sewage system. Accordingly, agent-based models could support the
design and management of the water supply or sanitation networks [32]. In this line, some works
have focused on segmenting households’ behaviour with respect to water public services [41, 45].
Di�erent behavioural models can be built based on these generic clusters, which could be used in
water-domain agent-based models (exploring, for instance, weather singular events or housing fu-
ture trends).
Interestingly, agent-based models could serve to generate synthetic data at a lower cost (conducting
simulations is faster and at less cost than fieldwork)—which is particularly useful to create scenarios
with no historical precedent that could serve to train ML-systems [107].
Furthermore, agent-based simulation could serve to assess the scalability of prototypes, as require
many funding programmes (e.g. EU Life programme2) (see Sec. 11.1.1).

12.2 Value-drivenmanagement of water and other services

As Simon [236] pointed out, when conflict anduncertainty are present, professionals, institutions and
society should collaborate to design artifacts that aim at achieving those desirable states of a�airs.
The reason is thatmembers of society are not passive agents: they react to the plans the professionals
propose because they seek to use the system to further their own goals. Since the social behaviour
may alter the outcome of plans and eventually lead to unintended states, it is an important factor to
be taken intoaccountwhile designingandmonitoringmanagementpolicies. Followinga similar view,
Shindler et al. [233] researched social acceptance of management practices. Even further, Brouwer et
al. [41]mentionedamissionshi� inwater companies, fromoptimising thesupplyofwater (i.e. safeand
high-quality water at an a�ordable price) to (also) adapting the water service to the citizen demands
(i.e. improving the service by taking citizens’ values, goals andmotivations into account).
The conceptual framework in this thesis can support the exploration of cases in connection with this
newmission. As presented, values are involved in the definition and resolution of social problems. In
simple terms, values play a role in setting ends and its practical implementation through indicators,
and in setting the means and instruments that will have a positive e�ect on the state. Then, identify-
ing what values are embedded in or are to be imbued into water management, and how they can be
operationalised, is a relevant issue for companies in thewater sector [133]. Having this clearly defined
can lead to better-designed support systems that support public decisions and management poli-
cies, by better contextualising the values and societal goals pursued and establishing value-diverse

1Corominas, L. (coordinator): https://www.scorewater.eu/cases/barcelona-en
2https://ec.europa.eu/easme/en/life

166

https://www.scorewater.eu/cases/barcelona-en
https://ec.europa.eu/easme/en/life


A value-based approach to ABS for policy assessment

indicators [34] —thus contributing to transparency and accountability and, eventually, to stimulate
communicative strategies.

In fact, somemanagersmayquestion the fact that their decisions arebasedonvalues, since they think
it may undermine the quality of themanagement—which is, supposedly, objective and apolitical be-
cause it isbasedonlyon technical knowledgeandand“rational economics” (see [44]). However, those
decisions are not based only on knowledge of the system, but also on values [237, 185]. Thus, values
are present in management decisions, regardless of them being consciously or unconsciously taken
into account. In the most simple terms, a decision-maker uses some sort of construct (i.e. values) to
discern whether some state is satisfactory or not, and to elicit preferences over states of the world
(see [135]). In a more technical view (as discussed in Chapter 8), this consists of choosing a particular
operational definition of the problem and the decision-making criteria (i.e. values) —which involves
a choice about what is relevant and important. Interestingly, the fact that values are involved in such
decisions is not wrong per se: values express standards of “desirability” at a collective level (i.e. the
“social value”) and areworkedout to define trade-o�s (i.e. hierarchies and relative importance). How-
ever, it is important to recognise that there are value conflicts in thosemanagement decisions, which
clearly can lead to social acceptance issues if the values that guidemanagement are not shared social
values [44]. Noteworthy, these issues are embedded in agent-basedmodels that are used as decision-
support tools.

For instance, under a traditional economic paradigm, the urban water service may be viewed as ser-
vice for a customer, emphasising specific interpretations of values such as ‘e�iciency’ and ‘excellence’.
In this view, innovation has been steered towards reducing fees and industrial costs. However, there
may be other values that should be considered in the definition of the problem (and not only when
thinking onmitigationmeasures), such as ‘social equity’ or ‘loyalty’. This way, these values would not
be incorporated only as a corporation code of conduct, but also as management ultimate goals. In
practice, the computationalmodel could support decision-making so that themanagement practices
arealignedwith those social values,whichareoperationally translated into indicators and thresholds.
The management of the ecosystem could be supported by an online platform and sensors that mon-
itor multiple indicators (thus, values). Agents’ behaviour or external/internal events may drive the
system to “unsatisfying states” (i.e. some indicators have dropped below satisficing levels), in which
cases the manager could discuss with the community possiblemeans in order to satisfy their ends.

In the terms of the conceptual framework, this view considers:

— Social values in the social space where multiple agents interact (e.g. watershed, urban water-
supplynetwork, urbanwater-sanitationnetwork, etc.). Forexample, ‘equity’, ‘innovation’, ‘safety’,
‘e�iciency’, and ‘environmental protection’.

— Agent values thatparticipate in the social system (e.g.water users,wastewater treatmentplants,
workers, etc.).

Thus, for instance, a policy-schemamay declare ‘equity’ and ‘safety’ to be imbued in the urbanwater-
supply system under an extreme scarcity scenario. Its policy ends define a state of the world where
users share the water resources in an equitableway, using as indicators the ‘litres per person per day’
(mean and distribution), but also considering that people are safe bymonitoring the ‘number of peo-
ple below a safe supply-level’. Given this purpose, the policy means rely on ‘managing users’ water
demand’, with instruments (e.g. norms and incentives) that sanction users when their water usage
exceeds a threshold, blocking the supply over the threshold if this occurs repeatedly. This system
could be tested considering di�erent populations of agents (i.e. di�erent value-driven individual be-
havioural models) to assess their performance. The outcome could help to identify satisfactory or
counterproductivemanagement-strategies or necessary interventions in the real-world (for instance,
campaigns to change some habits in human users, re-design of autonomous technological devices,
etc.).
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This approach entails multiple challenges:

— Building a validmodel, suitable for simulating the social e�ects of di�erent watermanagement
policies. This involves expert knowledge, field work, data gathering and analysis, exploration
of models of human behaviour, etc., but also new departments in the company (e.g. computer
scientists, programmers, sociologists, AI experts, etc.) and appropriate technical infrastructure
(e.g. databases, cloud simulators, etc.). And, finally, adjusted to new regulation and ethical
codes (e.g. privacy, data protection, use of models, etc.).

— Whose and what values (e.g. philosophers, experts, politicians, stakeholders, scientists, etc.),
how these are agreed on (e.g. public participation, mediation, etc.), and how they are opera-
tionalised.

— What specific strategies are adopted to assess solutions (e.g. short-termor long-term, territorial
scale, etc.).

— Appropriate technological tools and algorithms to address these type of problems.
— Human experts who are trained with simulation-based tools in order to provide appropriate
consultancy.
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Chapter 13

Conclusions

This dissertation’s main objective was to outline a conceptual framework for the use of simulation in
policy-making. Motivated by the urgency to address threats to human civilisation which require col-
lectiveaction, thepresentedconceptual frameworkmaycontribute tobuilddecision-support systems
for management and policy-making.

This chapter enumerates the main insights of the dissertation. These are organised again in three
blocks —that correspond to policy-making, Artificial Intelligence and water domain— and, for each
block, comments are referred back to the research questions stated in Section 1.4.

13.1 Conclusions for simulation for policy-making

Policy-making is a value-driven social activity. Regardless of the collective problems are solved by
means of technologies (say, for instance, smart city solutions) or other instruments, there are values
underlying the problem-solving process. Values reflect the non-questioned core beliefs that underlie
design and policy decisions (thus, relate to political and cultural biases), but they also indicate the
notions of good and worthiness. Accordingly, knowing the role that values play in decisions can lead
to refine such concepts, thereby improving policy and design decisions.

Agent-based simulation for policy-making, which is covering increasing attention due to their poten-
tial, is subject to values, as well. From the abstraction of the real world system (i.e. representation of
the problem) to the assessment of policies and resulting states (i.e. assessment of solutions and ef-
fects), values are present. However, little literature addresses the challenges that imply working with
values, especially in computational models for supporting decision-making, leavingmanymodelling
choiceswithout backgroundmaterial (e.g. how tomeasure and infer values, how tomodel them, how
to implement value trade-o�s, etc.). This justifies a conceptual framework that enlightens how values
are involved in agent-based simulation for policy-making.

These are the main conclusions of this dissertation on the topic of simulation for policy-making:

— Collective problems require governance in order to coordinate social systems constituted of
large numbers of agents. Since the behaviour of societal systems cannot be fully predicted or
controlled due to their complexity, simulation of policiesmay support the design of public poli-
ciesbecause it haspotential in informingpolicydecisionsbyanticipating situationsand increas-
ing knowledge about social phenomena. However, onemust understand that simulation is con-
ducted on a model that defines the policy problem, especially who is going to be incentivised
(i.e. policy-targets), for what (i.e. policy-ends), and how (i.e. policy-means). (Q1)
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— Values are standards that express the worthiness, the desirability, and the goodness of some-
thing. In practice, values are cognitive constructs that are involved in supporting moral intu-
itions and ethical beliefs; in perceiving and evaluating objects and environment; in deriving in-
dividuals’ core preferences; and in interactingwith other stakeholders. Thus, values havemuch
potential for sociological research. Besides, they are assumed tobeanessential entity in policy-
making: values justify interventions that lead to particular state of a�airs of the societal system
—whichmay lead to disputes in a political arenas (e.g. whether some values should be pursued,
how they should be understood, whether some values are more important than others, etc.)—
and values are involved in agents’ behaviour and acceptance. (Q1)

— Cognitively, values activate an intuitive association of abstract ideas to expected outcomes.
However, values do not have an univocal meaning. Because of this association, some aspects
of the environment are perceived, assessed, and eventually decided over. Interestingly, the
fact that values do not have an unambiguous meaning do not make them useless; rather, they
are useful because activate moral intuitions in complex decision situations that cannot fully
graspedby factual information, asarepolicydecisions. In fact, sincevaluesare invoked to justify
policy and management decisions, they should be taken into account in simulation for policy-
making. (Q1)

— Three major entities are important to understand value-driven policy-making: (i) the individu-
als, (ii) the society (supra-individual entity), and the (iii) policy that coordinates the behaviour
of individuals towards some social state of a�airs. For policy design, this perspective conceives
policy instruments as mechanisms that relate to individuals’motivational values, understand-
ing that their behaviour —driven by those values, as explains the Schwartz’s theory of values—
has an e�ect onto the social values—that express aspects of the common good and public in-
terest. This shows the interdependence between (the values) of individuals and society. (Q1)

— Valuesdonotgiveanexact informationaboutpoliciesandstateof a�airson their own. Although
it is true that abstract values incorporate certain characteristic expectations, these are not op-
erational for policy assessment with computational models —unless a proper contextualisa-
tion and translation process is done, as suggests this dissertation (see next section). In essence,
value judgements are subject to particular value understandings, and therefore they should be
made explicit and transparent in decision support systems as much as possible. Hence, values
cannot remain in an abstract state in artifacts: they have to be instantiated in observable terms
that make possible to prove that some action or intervention has an e�ect on those terms. Fur-
thermore, in policy-making, since particular social states are promoted over others based on
values, these values should projected onto observable indicators (qualitative or quantitative).
(Q1, Q2, Q3, Q4)

— The conceptual framework presents themain elements to design a “policy problem”, which are
the domain of intervention, the stakeholders, the values, and the policy-schema. The policy-
schema is a simple way to model policy interventions, distinguishing between two main com-
ponents: (i) policy ends (i.e. intended e�ect), which are those objectives that are meant to be
achieved with the intervention (i.e. those better states of a�airs); and (ii) policy means (i.e. po-
tential cause), that are those instruments that, one implemented in the social space, will pro-
duce a change on the state of a�airs. (Q1)

— The conceptual framework proposes to assess policies (i.e. policy-schemas) with respect to ef-
fectiveness, desirability, and acceptability. Policies are e�ectivewhen its actual outcome is con-
sistentwith its intendedoutcome; aredesirablewith regard to thevaluesofa stakeholder (namely
when the actual outcome is deemed “good”); and are acceptablewhen stakeholders agree that
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the outcome is su�iciently similar to the outcome of the most-known favourable alternative
intervention (including non-acting). Interestingly, these notions are judgements that are sup-
ported on other value judgements (implying particular definitions of other values). (Q4)

— Accordingly, an essential point of governance is to establish how social values are going to be
understood (in order to be preserved and improved). Without a proper system tomonitor these
values, they are at risk of being ignored, which is specially true for computational models and
digital platforms. In other words, if values cannot be properly elicited or observed, they may
be neglected. Consequently, setting a particular operational definition for values and its cor-
responding evaluation methods involves to make a decision about what is relevant and desir-
able, but also clarifying the stances on design, management, and policy-making. Therefore,
there are two tasks when addressing policy-making with computational models: (i) the desig-
nation of the values to be promoted and preserved; and (ii) the definition of these values and
(iii) eventual translation into indicators. However, collective problems are, generally, wicked
problems, whichmeans that there is no objective assessment framework nor a perfect solution
to the problem. This indicates that stakeholders should be flexible (e.g. novel interpretation of
problems) and open to cooperate with each other (e.g. share knowledge). (Q1, Q2, Q3, Q5)

13.2 Conclusions for Artificial Intelligence and Multi-agent systems

This dissertation has presented a way to bring values into artificial intelligence, namely into multi-
agent systems modelling, by taking insights from di�erent research fields. In simple terms, values
are taken as a construct that is involved in the perception, evaluation (i.e. standards or criteria) and
decision-making. This has implications for the agents and the behaviour they exhibit, and also for the
coordination of the multi-agent system as a whole.
Thus, althoughvaluesarenot theonly cognitiveconstruct involved indecision-making, theyaredeemed
essential when making major decisions, especially those that concern multiple agents —recognising
some sort of social welfare. An artificial agent, although it does not have a concrete moral system,
seeks to achieve particular states of a�airs (which are deemed desirable by its designer) in a social
world constituted of other artificial entities and human beings. Likewise, those in charge of coordi-
nating the system make decisions in accordance with their values, since they promote certain states
of a�airs over others. In the same way that a designer “imbues” an artificial agent with its values, the
social system may be imbued with values if its policies lead to value-aligned outcomes (proven by
assessment frameworks).
These are the main conclusions of this dissertation for artificial intelligence:

— In multi-agent systems, values can be approached from a double perspective: (i) first, values
that result fromgoverning the activity of agents at the social scale (i.e. social values); (ii) second,
values that guide the individual behaviour of agents in the society, which are included in their
socio-cognitivemodels (i.e.motivational values). Policies coordinateagents’ behaviour towards
some better social state of a�airs, thus “bridging” the interaction betweenmotivational values
and social values, and hence between the heterogeneous agents and the society. (Q1)

— Values are required to be instantiated into operational constructs, meaningful for the domain
and context of interest. In the present dissertation, a suggested practical way to work with
values in computational models for policy-making has been to translate abstract values into
observable indicators and assessment frameworks (i.e. evaluation mechanisms and aggrega-
tion mechanisms). Accordingly, coordination policies, in order to imbue the system with val-
ues, must be able to “improve” those variables that characterise the state of the system and
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are associated with the values to be imbued. However, the actual state of the system may be
not perceived by agents as the manager (or policy-maker) of the system does. That is, agents’
perception may be partial (not all the variables of the world-state are relevant or observable);
focused on a particular scale (either local or global); subjective (di�erent indicators are used
to assess objects with regard to the values they hold, that the manager may not know); and
complemented with other knowledge besides value-associated indicators. (Q2, Q3, Q5)

— The methodology of (i) taking abstract values; (ii) contextualise them in the domain; (iii) trans-
late them into factual indicators; and (iv) define the (coordination) problem (i.e. means and
ends) around this, may be a useful approach for imbuing values to hybrid systems, which is
a current problem in AI nowadays. (Q2, Q5)

— Problems of designing coordination policies for multi-agent systems may be framed as design
problems [236, 185],whichareconstitutedof (i)means (i.e. commandvariables); (ii) ends (i.e. stan-
dards of assessment and constrains); and (iii) laws (i.e. causal mechanisms and parameters).
These problems can be addressed computationally in order to search for optimal (or satisfic-
ing) solutions. Interestingly, defining such problems involves, necessarily, values (for instance,
by establishing the standards by which solution proposals are going to be assessed with), es-
pecially in the “representation problem”, which has to do with the ontology that defines the
world and that enables to assess the solutions with regard to di�erent values (because there
exist variables onto which it is possible to project those values). (Q1)

— Recognising the role of values in approaching coordination problems is relevant for one plain
reason. It identifies that behind optimising an objective function there are values —thus, one
shouldbecarefulwhenaddressing real-world social problems. Takinga stepbackmaybeuseful
to recognise that other values are involved in the problem and therefore should be included in
the objective function to optimise. (Q5)

13.3 Conclusions for the water domain

Following the outlined conceptual framework, two study cases in the water domain have been ex-
plored.

The first case study explores a community of farmers who are to adopt an irrigation technology. This
problem is usual in Spanish water-agriculture public policies, which promote the irrigation agricul-
ture to achieve, eventually, the socio-economic development of rural communities to curb depopula-
tion. With this in mind, the simulation model focuses on one specific intervention aiming at imbuing
“modernity” to the farming community. In this spirit, the di�usion and adoption of high-tech irriga-
tion systems is seen as desirable (i.e. policy end) and is promoted by means of economic incentives
(i.e policymeans), because farmers are viewed as profit-seeking agents because they are part of agri-
cultural systems with a strong presence of market-oriented agro-industries.

The second case study explores the governanceof theurbanwater public service. In it,multiple stake-
holders with di�erent values and political beliefs evaluate the state of the world and try to produce
policy shi�s so as to contribute to their agendas. Furthermore, households act in that space to use
the water supply service for their needs, but also participating in the political arena, since they also
evaluate the world-state and support political demands. In this case, themodel focuses on the simu-
lation of a social behaviour as a result of the existence of competing value-driven stakeholders in the
urban water domain.

These are the main conclusions of this dissertation for the water domain:
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— The contribution of the conceptual framework presented in this dissertation lies in emphasis-
ing the existence of (i) the values of stakeholders (i.e. what they consider relevant andbase their
decisions on, how they understand such values in a socio-hydrological context, what actions do
they motivate, etc.); and (ii) the social values, to be promoted by policy interventions (i.e. what
valuesare tobe imbued in thesocietal systemandwhy, howare theyexpressedandunderstood,
how are they measured, what instruments are to be implemented for that matter, etc.); which
are both important for addressing collective problems in the water domain. In fact, a recent
research line in water studies aims at exploring a segmentation of water customers based on
“so�” di�erences (e.g. lifestyles, personal views, values, norms, goals, motivations), which can
be complementary to those classical segmentation based on “hard” socio-demographic di�er-
ences [41]. This dissertation provides an exploration of values in policy problems and suggests
how to address themwith agent-based simulation. (Q1, Q6)

— The double-approach of values (i.e. social values and individual values) is particularly useful in
the water domain, because it emphasises the twofold view of water governance: at the agent
level (e.g. users, citizens, customers, etc.), but also at the context in which the agent operates
—space that is sharedwith other entities, and therefore requires social coordination— (e.g. wa-
tershed, community, user association, etc.). This view can be useful to address water crisis and
manage water services. (Q1, Q6)

— Thesocial outcomesareoutputofacomplex system(e.g.multiple stakeholders,multiple stances,
many factors, etc.). Due to the complexity and the significance of certain social problems, simu-
lation is a promising tool for decision support systems. Since management of water public ser-
vices has to consider multiple values and competing interests, simulationmay be useful to test
decisions in a controlled environment, before implementing such decisions in the real world.
This can help to avoid counterproductive situations and social acceptance issues. Presumably,
such management support systems not only require technical infrastructure (e.g. online sim-
ulators, servers, reporting tools, etc.), but also constant fieldwork (e.g. sociological research,
participatory workshops, etc.) and field experts (e.g. sociologists, engineers, etc.). In this con-
nection, twocase studies in socio-hydrologyhavebeenaddressedwithagent-basedsimulation,
showing the potential use for the water domain. (Q6)

— Managers of public services o�en reject the fact that their decisions are based on values, as
they think it may undermine the quality of the management —which is, supposedly, objective
and apolitical because it is “technical” and based on “sound science” and “rational economics”.
Nonetheless, values are present in the frameworks that underlie management decisions, re-
gardless of thembeing consciously or unconsciously taken into account. Choosing any particu-
lar operational definition of decision-making criteria (that is, values) involves making a choice
about what is relevant and important. This is why any decision concerning a societal system
(as involves the management of water services) is characterised by conflicts between compet-
ing values, perspectives, interests and those stakeholders that represent these stances. As a
consequence, deemed-optimalmanagement is perceived as suchwithin a particular definition
of the management problem, which may be questioned by other stakeholders. And, clearly,
management practices that lack social acceptance are vulnerable to public rejection. Although
many management decisions are based on central values like e�iciency, other values may be
relevant to ensure the (social, environmental, and economic) sustainability of water public ser-
vices, since citizens’ preferences may be derived from social values that are not traditionally
considered in management decisions. (Q1, Q3, Q6)

— As a consequence, management problems may su�er from a myopic view. Many managers
think that problems and acceptance issues are because of a lack of e�iciency, but the truth is
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that they arise because other values are relevant for the stakeholders in the domain (values that
may not fit the economy-reductionist perspective). Thus, political actors (i.e. policy-influencers)
participate in political arenas to question the decision-making frameworks and to advocate for
including their values in the management policies. (Q1, Q6)
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