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Key methods discussed in this chapter

Modelling methods: System dynamics (group model building, mediated modelling, shared 
vision planning), agent-based models (ARDI), role-playing games (Wat-A-Game), expert 
models (Bayesian networks, fuzzy cognitive maps), state-and-transition models, soft system 
methodologies (rich pictures, concept maps, decision trees, cognitive maps)
Integrated approaches: Collaborative modelling, companion modelling, participatory 
system analysis

Connections to other chapters

Methods for generating data and systems scoping (Chapters 5–8), specifically participatory 
data-collection methods (Chapter 8) or interviews and surveys (Chapter 7), may provide 
working material or monitoring and evaluation support within participatory modelling pro-
cesses. Facilitated dialogue methods (Chapter 9) may smooth participatory modelling work-
shops. Future analysis (Chapter 10), scenario development (Chapter 11) or serious games 
(Chapter 12) may be articulated with participatory models within broader participatory re-
silience assessment (Chapter 14) or action research (Chapter 15) projects. Expert modelling 
(Chapter 16), dynamical systems modelling (Chapter 26), state-and-transition modelling 
(Chapter 27) and agent-based modelling (Chapter 28) cover the most common types of 
modelling methods used in participatory modelling, and participatory modelling may use 
institutional analysis (Chapter 22) conceptual frameworks.

Introduction

Whatever the purpose of a model, e.g. forecasting, prescription, explanation, description, 
learning and communication or theory building (Kelly et al. 2013; Schlüter, Müller, and 
Frank 2019), participatory modelling refers to settings where non-scientist stakeholders are 
involved in any of the stages of the modelling process of their social-ecological systems (SES).
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SUMMARY TABLE: PARTICIPATORY MODELLING

DISCIPLINARY BACKGROUND KNOWLEDGE TYPE

The methods in this chapter are derived 
from or have most commonly been used in:

Environmental Management, (soft) 
Operational Research, Complex Systems 
Science

The methods in this chapter are primarily 
used to generate the following types of 
knowledge:

• Descriptive
• Exploratory
• Explanatory

RESEARCH APPROACH PURPOSE OF METHOD

The methods in this chapter originate The most common purposes of using the 
from or most commonly adopt the methods in this chapter are:
following research approaches: • System understanding
• Interpretive/subjective • Stakeholder engagement and  
• Collaborative/process  co-production

• Policy/decision support

TEMPORAL DIMENSION SYSTEMIC FEATURES AND PROCESSES

The methods in this chapter are most 
commonly applied to the following 
temporal dimensions:

• Present (typically within the last  
5–10 years)

• Recent past (post-1700s)
• Future

While most methods can do many 
things, the methods in this chapter are 
particularly good (i.e. go-to methods) for 
addressing the following: 

• Diversity
• Social-ecological dependence  

and impact
• Social learning
• Collective action and collaborative 

governance
• Evaluating policy options

SPATIAL DIMENSION

The methods in this chapter are primarily 
either or both:  

• Non-spatial 
• Explicitly spatial  

The methods in this chapter are most 
commonly applied at the following  
spatial scales:

• Local
• Multiple places/sites around the world
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In the 1960s and 1970s, participatory modelling was rooted in the development of system 
dynamics models (Voinov and Bousquet 2010; Barreteau et al. 2013). At the time, business 
models were co-developed with business managers at MIT, and citizens were involved by 
the US Army Corps of Engineers in environmental management by using system dynamics 
modelling. Various schools of research have since developed consistent principles, practices 
and methods for modelling and participation, such as participatory simulation (complexity 
and computer science), collaborative learning (education science), social sciences experiments 
(experimental economics) or participatory action research. The field of water management 
is particularly rich in reflections on participation and modelling (Harmonicop Team 2005; 
Pahl-Wostl et al. 2007; Basco-Carrera et al. 2017).

Stakeholders may be involved in a modelling process to address issues related to the un-
derstanding, representation and management of SES, such as water basins, fisheries or forests. 
Using modelling stimulates knowledge elicitation and creative thinking ( Jordan et al. 2018; 
Van Bruggen, Nikolic, and Kwakkel 2019). Models act as boundary objects by providing 
explicit and negotiable representations of reality (Star and Griesemer 1989). From a technical 
perspective, participatory modelling assumes that, within an appropriate interaction setting, 
non-specialists are able to co-produce models which make sense to them and which generate 
useful discussions and new knowledge.

SES problems and questions

Questions related to social-ecological systems can be classified according to three rationales 
for engaging in participatory modelling, as identified by Barreteau et al. (2013).

1.  Assuming that the integration of various kinds of knowledge is useful for understanding 
and managing SES, participatory modelling may be used to increase the intrinsic quality 
of SES models by addressing questions such as:
• How does one deal with knowledge gaps and ambiguities? (e.g. using modelling to 

gather and discuss disparate elements of knowledge from users and managers to re-
duce uncertainties on complex dynamics (Barreteau et al. 2013))

• How does one calibrate and validate a model of an SES? (e.g. using a role-playing 
game as a participatory simulation setting to involve lay stakeholders in the validation 
of an agent-based model of their system (Barreteau, Bousquet, and Attonaty 2001) 
or having heterogeneous groups of stakeholders ‘suggest and check’ a model of their 
system in workshops (Polhill, Sutherland, and Gotts 2009))

2.  Assuming that the involvement of stakeholders, including decision-makers, in the pro-
duction and spreading of models increases the legitimacy, relevance and impact of these 
models through the collaborative framing and design of assumptions, elements, outputs 
and settings (Hare 2011), participatory modelling may improve the adequacy of models 
in aiding SES management:
• How does one frame model boundaries, questions and outputs to be relevant to 

real-world issues? (e.g. organising meetings to discuss and reformulate issues among 
actors that have divergent stakes and interests in SES (Dewulf, Bouwen, and Taillieu 
2006))

• How does one design and explore management options? (e.g. using participatory 
simulation sessions with decision-makers, managers and economic actors to examine 
and virtually test options (Souchère et al. 2010))
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• How does one improve appropriation of a model? (e.g. actively involving future users 
all along the framing, development and deployment of a decision-support system 
( Jakku and Thorburn 2010))

3.  Assuming that the acknowledgement of non-scientific norms, values and interests, and 
the empowerment of stakeholders are assets for more sustainable transformations and 
policy pathways of SES (Van Bruggen, Nikolic, and Kwakkel 2019), participatory mod-
elling may be used to support larger processes:
• How does one engage stakeholders in a shared systemic vision of their SES? (e.g. by 

engaging them in a full-cycle collaborative modelling process (Langsdale et al. 2013))
• How does one induce more informed collective decisions? (e.g. through recognis-

ing, accepting and exploring uncertainties and ambiguities during the co-design of a 
model (Salliou et al. 2017))

• How does one increase the ability of stakeholders to participate in SES governance 
arenas? (e.g. by using participatory modelling settings to raise the cognitive and de-
liberative capacities of participants (Daré et al. 2018; Landström et al. 2019))

• How does one deal with divergent representations? (e.g. by collectively discussing 
models based on stakeholder heuristics versus science-based models (Smajgl et al. 
2015))

• How does one improve communication among stakeholders? (e.g. by using models 
resulting from participatory modelling to communicate stakeholders’ views among 
different organisational levels (Daniell et al. 2010))

• How does one improve deliberation among stakeholders? (e.g. by using models as 
boundary objects to allow users and managers to negotiate indicators and set a new 
basis for joint resource management (Barreteau et al. 2012))

• How does one induce social learning? (e.g. by using group model building to im-
prove the problem-solving capacities of a collective (Vennix 1996))

Brief description of key methods

Participatory modelling is commonly centred on the model information, construction and 
use stages. However, genuine participation requires one to involve stakeholders early in the 
modelling process, i.e. during the preparation and organisation stages (including framing and 
participant selection), all the way to the follow-up stages (including dissemination, monitor-
ing and evaluation). The engagement level varies from observation to co-steering among the 
different stages and stakeholders. A synthetic description framework described by Bots and 
Van Daalen (2008) or a participatory engineering method such as the PrePar tool (Ferrand 
et al. 2017) is useful for planning and reflecting on these processes.

Depending on the characteristics and stage of development of the model, each partic-
ipatory modelling event has distinct purposes, e.g. to provide advice, clarify the vision, 
mediate conflicting views or improve the model (e.g. see Bots and Van Daalen 2008; 
Basco-Carrera et al. 2017). The design of the event should respond to these constraints 
through organising working groups (size, homogeneity, functioning, rules) for the dif-
ferent activities and choosing participatory settings (e.g. knowledge elicitation with con-
ceptual diagrams or model verification with interactive simulations – see Hare (2011) for 
an overview). Refer to Voinov et al. (2018) for an extended discussion and guidelines for 
choosing participatory modelling methods and tools. Hare (2011), Voinov et al. (2016), 
and Van Bruggen, Nikolic and Kwakkel (2019) also provide lists and descriptions of the 
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Table 13.1  Summary of key modelling methods used in participatory modelling

Method Description References

System 
dynamics

System dynamics (SD) represent global state variable 
dynamics and interdependences and are useful to reflect 
on global system concepts. Graphical methods of SD 
(causal loop diagrams and stock and flow diagrams) are 
good for participatory system thinking and conceptual 
SD model building. Many available computerised SD 
tools (e.g. Vensim, Stella) navigate transparently between 
diagrams, equations and simulation outputs.

Key introductory text 
Costanza and Ruth 
1998

Applications to SES
Sandker et al. 2010; 
Stave 2010

Agent-based 
models 

Agent-based models (ABMs) represent autonomous entities 
interacting within spatially explicit levels of organisation. 
These models are good for heterogeneous knowledge 
integration because of their close ontological resemblance 
to the real world. ABMs do not have a specific graphical 
method. The ARDI (Actors, Resources, Dynamics and 
Interaction) methodology offers a set of ad hoc diagrams 
for ABM co-construction. Simplified versions of the unified 
modelling language (UML) can also be used in participatory 
settings (see Case study 13.1). 

Key introductory texts 
Barreteau, Bousquet, 
and Attonaty 2001 
(ABMs and RPGs);
Bousquet and Le Page 
2004;
Le Page and Bommel 
2005 (UML for ABMs);
Etienne, Du Toit, and 
Pollard 2011 (ARDI)

ABMs are implemented and simulated with computer 
platforms or role-playing games (RPGs). Cormas (cormas.
cirad.fr) and Netlogo (ccl.northwestern.edu/netlogo) are 
free ABM platforms that provide features for participatory 
simulations or computerised RPG. 

Applications to SES
Forrester et al. 2014;
Hoch et al. 2015;
Smajgl et al. 2015

Expert 
modelling: 
Bayesian 
networks and 
fuzzy cognitive 
maps

Expert modelling approaches mimic expert thinking. 
Bayesian networks (BNs) represent the conditional 
probabilities between variables states. Fuzzy cognitive 
maps (FCMs) represent causal probabilities propagation 
between factors. They have simple graphical formalisms 
that are well suited to participatory settings and are 
good for coping with variability or divergent opinion and 
discussing variables or factors and their relationships. 
Specific methods are available for participative 
quantification or semi-quantification of probabilities or 
influences (Das 2004). Netica (norsys.com/netica.html) 
or Mental Modeler (mentalmodeler.org) are platforms to 
construct and simulate BNs or FCMs. 

Key introductory texts
Düspohl, Zacharias, 
and Doell 2012 (BNs); 
Gray et al. 2015 
(FCMs)

Applications to SES
Kok 2009; 
Celio and Grêt-
Regamey 2016; 
Htun et al. 2016 
(FCMs);
Salliou et al. 2017 
(BNs) 

Soft systems 
methodologies 

Soft systems methodologies are modelling approaches 
developed specifically for human-centred systems in the 
field of management sciences. They provide graphical 
methods that can be used alone or in a conceptual 
stage of most of the models mentioned above, such 
as concept maps (representation of concepts and 
semantic relationships within a knowledge domain), 
decision trees (representation of objectives, actions and 
system uncertainties and evolution) or cognitive maps 
(representation of causal or influence relationships). 

Key introductory text
Vidal 2006 

Applications to SES
Mendoza and Prabhu 
2006;
Hommes et al. 2008 

http://cormas.cirad.fr
http://cormas.cirad.fr
http://ccl.northwestern.edu
http://norsys.com
http://mentalmodeler.org
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various tools and methods, computerised or not, that may be used for implementing 
participatory settings.

Because of their expressivity, model paradigms that are most broadly used in participa-
tory modelling of SES are system dynamics models, agent-based models, expert modelling 
approaches and soft system methodologies (Table 13.1). State-and-transition models are an-
other kind of modelling approach focusing on alternative states, thresholds and transitions 
(see Chapter 27). Furthermore, any type of model may be developed or used participatively 
within appropriate processes and settings (see Landström et al. 2019 for a pragmatic approach 
to participatory hydrological modelling). The relevance of a modelling method depends on 
the characteristics of the target system and on the available resources in terms of time, skills, 
money and data. In this regard, criteria and guidelines can be found in Schlüter, Müller and 
Frank (2019) and Kelly et al. (2013).

Communities of researchers and practitioners developed integrated approaches that pro-
vide methodological guidelines and tools for implementing a participatory modelling process 
(see Van Bruggen, Nikolic and Kwakkel 2019 for a comparative description). Some of the 
most well known are described in Table 13.2.

Table 13.2  Summary of key integrated approaches used in participatory modelling

Approach Description References

Participatory 
system analysis

Participatory system analysis combines a broad 
range of tools and techniques developed in 
the field of systems thinking with participatory 
methods. It is presented as an approach 
that extends participatory rural assessment 
with system science approaches. It provides 
guidelines and tools for performing needs 
and problems analysis, carrying out abstract 
modelling, exploring decisions or scenario 
options, and implementing design (maps, 
spidergrams, Bayesian networks, system 
dynamics, plans).

Key introductory text
Lynam 2001

Applications to SES
Smith, Felderhof, and Bosch 
2007;
Nguyen and Bosch 2013

Group model 
building and 
mediated 
modelling 

Group model building (GMB) and mediated 
modelling (MM) are historical integrated 
approaches of participatory system dynamics 
models building. Group model building focuses 
on organisational messy problems and strategic 
decision-making within teams. It provides 
‘scripts’ for standardised protocols (Hovmand 
et al. 2012) and has been widely used in private 
and public institutions. Mediated modelling 
aims at involving broad stakeholder groups in 
collective learning and consensus building on 
environmental issues. It provides a structured 
iterative process for involving the participants 
between the distinct stages of model 
development.

Key introductory texts
Andersen et al. 2007 (GMB);
Metcalf et al. 2010 (MM)

Applications to SES
Antunes, Santos, and Videira 
2006 (MM); 
Daniell et al. 2010; 
Halbe, Pahl-Wostl, and 
Adamowski 2018 (GMB)
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Approach Description References

Shared vision Collaborative modelling for decision support Key introductory texts
planning and (CMDS) comprises collaborative system Werick 1994 (SVP);
collaborative dynamics modelling in combination with Langsdale et al. 2013 (CMDS);
modelling for communication, visualisation and facilitation Online sources (principles 
decision support tools of structured public participation, and and guidelines for SVP and 

mental and cultural models of planning CMDS, e.g. labs.wsu.edu/
and decision support. It is based on the collaborativemodeling/cmds) 
experience of US government environmental 
agencies on stakeholders’ involvement in 
water management. It is an evolution of the 
US Army Corps of Engineers’ shared vision 
planning (SVP), which defines iterative steps 
for participatory system dynamics modelling. 
It is supported by principles and best 
practices established by the joint work of a 
community of academics and practitioners 

Applications to SES
Palmer et al. 1999; 
Antunes, Santos, and Videira 
2006 (MM); 
Creighton and Langsdale 2009 
(SVP);
Basco-Carrera et al. 2017 
(CMDS)

of modelling, facilitation and water 
management between 2008 and 2010. 

Companion 
modelling

Companion modelling (ComMod)
promotes the iterative, collaborative and 
adaptive use of models aimed at sharing 
and legitimating multiple views of SES and 
articulating scientific production and collective 
decision-making. It mostly uses the agent-based 
model paradigm with alternative or combined 
use of role-playing games. It emerged in France 
in the 1990s as an approach for implementing 
complexity thinking and post-normal theory 
(Funtowicz and Ravetz 1993) in natural 
resources management issues.

ComMod has an active community of 
researchers and practitioners hosting regular 
events and training. Various tools and 
methods, such as ARDI and Cormas, have 
been developed (see ‘Agent-based models’ in 
Table 13.1). 

ComMod has also produced spin-off thematic 
participatory modelling platforms. TerriStories 
(terristories.org) offers a configurable board 
game on land issues that combines concepts 
from participatory modelling, role-playing 
games and live theatre. Wat-A-Game is 
a platform for the ‘design by playing’ of 
games on water management. It is part of 
CoOPLAaGE (cooplaage.watagame.info), a 
larger integrated suite of low-tech tools and 
protocols based on participatory modelling 
that supports stakeholder groups in the design 
of decision procedures. 

Key introductory text 
Barreteau et al. 2003 
(ComMod charter)

Applications to SES
Souchère et al. 2010; 
Abrami et al. 2012 
(CoOPLAaGE);
d’Aquino and Bah 2013;
Hassenforder et al. 2015;
Bouamrane et al. 2016;
Ferrand et al. 2017; 
Ponta et al. 2019;
commod.org (case studies and 
material) 

http://labs.wsu.edu
http://labs.wsu.edu
http://terristories.org
http://cooplaage.watagame.info
http://commod.org
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Limitations

The intrinsic quality of participatory models is highly dependent on how the participation is 
organised. Biases and interests of participants (including modellers and researchers) may have 
an impact on the scope and elements of the model, which needs to be carefully considered 
(Daniell et al. 2010). Skilled facilitation and negotiation are necessary. Special care should be 
taken with graphical computerised tools because the ease of adding new elements can quickly 
lead to overly complex models (Kelly et al. 2013).

Participatory modelling may raise false expectations or can be deceptive. Participants may 
feel that the final model does not represent their views adequately, particularly after some 
post-processing work (Daniell et al. 2010; Hare 2011). They may perceive it as too narrow or 
too complex relative to the richness of the modelling process (Sandker et al. 2010). Concep-
tual models based on stakeholder perspectives may not make sense outside the participation 
arena, and decision-makers may not need a new integrated model but rather simple, data-rich 
and trustworthy models that can be used for decision support (Hare 2011). These risks are 
high when participation happens within several interconnected processes sharing part or all 
of their teams, participants and events, but each having its own agenda and objectives (Seidl 
2015). The risks can be minimised by carefully considering the expectations, purposes and 
agendas of participants, clients and organising team, and also by designing and communi-
cating as explicitly and transparently as possible about the processes, their outcomes and 
products, and how they will be shared or used (Sterling et al. 2019). If model uptake is an 
objective, an answer can be to choose off-the-shelf software that is easy to learn and available 
to all (Langsdale et al. 2013), or to plan for professional levels of model documentation and 
maintenance in the project funding (Hare 2011).

Participatory modelling may lead to undesirable effects for the process and for the par-
ticipants. The framing induced by the model may inhibit deliberation and creativity rather 
than fostering it (Barnaud and Van Paassen 2013). Hedelin et al. (2017) warn that the mod-
elling may induce a focus on the choice of measures (‘How can we get there?’) rather than 
on broader issues of societal development (‘Where do we want to go?’). The question of how 
the modelling approach (modelling method, level of realism, level of integration) is chosen 
and how it affects the modelling process output and participants is discussed in Langsdale  
et al. (2013), Le Page and Perrotton (2017), and Schlüter, Müller and Frank (2019). Regard-
ing ethics, inappropriate consideration of participants’ motivation or power asymmetries may 
create biases in the model or harmful impacts in the ‘real world’ (Barnaud and Van Paassen 
2013; Daré and Venot 2017; Hedelin et al. 2017). See for instance criticisms and hints from a 
socio-political perspective in Tsouvalis and Waterton (2012).

The impact of participatory modelling in larger SES transformation processes may ap-
pear limited or difficult to assess. The size of the co-modelling groups and the time frame of 
research projects are limiting factors. This implies that process extension may be needed to 
achieve transformative effects (Hare 2011). Joint ownership of an associate d ecision-making 
process is an asset in this regard (Van Bruggen, Nikolic, and Kwakkel 2019). Landström et al. 
(2019) propose a systematic approach to consolidate participants’ commitment during and 
after the project. Extension through widespread adoption of participatory modelling outside 
research projects is limited not only by low binding participatory obligations but also by the 
limited human capacity (skills and personnel) of local communities and management insti-
tutions (Hare 2011). The monitoring and impact assessment of participatory modelling raises 
specific questions in data collection and analysis, which requires more research ( Jones et al. 
2009; Smajgl and Ward 2015; Hassenforder et al. 2016).
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Finally, even though participatory modelling case studies have flourished in the past  
20 years, the field still lacks common sets of principles and frameworks or roadmaps that would 
unify existing approaches sharing the same goal. This would support the design of new partic-
ipatory modelling processes, structure analysis and evaluation of past cases ( Jordan et al. 2018; 
Van Bruggen, Nikolic, and Kwakkel 2019). Generic templates would be useful to systematise 
approaches to participatory modelling, and thus quality management (Seidl 2015). Many recent 
review papers demonstrate the current efforts of the community in this direction. Hare (2011), 
Voinov et al. (2016), Hedelin et al. (2017), Basco-Carrera et al. (2017) and Jordan et al. (2018) 
focus on the features, limits and challenges of participatory modelling. Langsdale et al. (2013), 
Voinov et al. (2018) and Sterling et al. (2019) developed principles and best practices. Bots 
and Van Daalen (2008), Hare (2011), Barreteau et al. (2013), and Van Bruggen, Nikolic and 
Kwakkel (2019) propose guidelines for basic design choices and the classification of approaches. 
Hassenforder et al. (2016), Hedelin et al. (2017) and Voinov et al. (2018) propose extended pro-
cess description frameworks that can be used for assessment and comparison or process design.

Resource implications

As for any participatory process, local social capital is an essential resource for planning and 
organising participatory modelling (identification, selection and mobilisation of participants, 
relationships with other arenas). In this regard, established relationships and community co-
leads are crucial in navigating the social and political context (Sterling et al. 2019).

Various capacities are needed in the organising team. Some are generic to participatory 
processes (participatory engineering skills, knowledge of the context, social and facilitation 
skills, openness to learn, ability to adjust or even dismiss existing objectives and models) or 
modelling processes (technical skills to implement and explore models). Specific facilitation 
and modelling skills are needed to ensure knowledge elicitation and make explicit the di-
versity of views, issues and propositions that have been recognised by the group, even if they 
cannot be integrated into the model. These are not widespread capacities and make partici-
patory processes sensitive to personnel changes and difficult to sustainably transfer (Langsdale 
et al. 2013; Sterling et al. 2019).

Participation and modelling both generate important time constraints, and it might prove 
difficult to coordinate stakeholders’ and modellers’ time frames (Hedelin et al. 2017). De-
pending on the type of model, specific material and software are needed. Finally, additional 
staff may be required for assistance and observation during workshops, and afterwards for 
dissemination, monitoring and evaluation.

New directions

Participatory modelling needs research and innovation to improve its transfer outside the 
academic world, its impact, and its uptake by local communities or management institu-
tions. Interesting protocols are based on strategic resource minimalist research projects 
 (Landström et al. 2019) or low-tech tools and adaptive workflows that can be used to 
engage and autonomise practitioners and stakeholders (Ferrand et al. 2017). Artificial in-
telligence technologies might be useful by partially automating participatory modelling 
processes (e.g. transforming discourses into models or assisting groups of participants in a 
process workflow). Web services and tools that could support online modelling activities 
in large-scale participatory processes or as alternative settings to face-to-face meetings are 
reviewed in Voinov et al. (2016).
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Case study 13.1: Participatory modelling 
with cattle breeders in Uruguay

In Uruguay, nicknamed the ‘green desert’, the pampa offers a natural pasture 
where the herds graze freely, providing high-quality meat for export. However, 
climate change is affecting cattle farming – the primary economic source of this 
small country. From the 1990s onwards, droughts have occurred, killing thou-
sands of animals and causing many bankruptcies. In response to these changes, 
the Instituto Plan Agropecuario (IPA) of Uruguay launched the ‘SequiaBasalto’ 
project, which aims to understand the drought phenomena and develop a par-
ticipatory methodology to improve the adaptive capacities of livestock farmers 
using the ComMod approach (Barreteau et al. 2003). The objective of the model 
was to test several management strategies and facilitate communication between 
livestock farmers and support services. The study was conducted by Bommel et al. 
(2014). An agent-based modelling approach was chosen for its capacity to integrate 
various disciplines and types of expertise.

The first version of the model was collectively designed with livestock and grass-
land specialists from the project. They used unified modelling language (UML) dia-
grams to specify and share their expert knowledge on pasture growth processes, herd 
dynamics and farmers’ management strategies into a common vision of the model 
(Figure 13.1A). The resulting model was then implemented on the Cormas platform. 
This model refined grass growth, herd behaviour and population dynamics. In con-
trast, farmers’ management strategy options were coarse, corresponding to (a) IPA 
experts’ representations of farmers’ traditional practices, guided by profit, or (b) rec-
ommended best practices, guided by pasture sustainability.

The second stage of the process was to invite farmers to analyse running sim-
ulations and the behaviours of the farmer agents. Not surprisingly, the manage-
ment strategies were the focus of the farmers’ criticisms. What was more surprising 
was that, after discussions based on interactive simulations, farmers, both men and 
women, engaged in analysing UML activity diagrams (Figure 13.1C))! In fact, farm-
ers were already accustomed to this formalism because, following the recommenda-
tion from an IPA researcher, IPA technicians had been using UML activity diagrams 
to conduct their interviews. The Cormas specialist in the project considered this to 
be an opportunity to develop and test an executable activity diagram editor into 
Cormas (Bommel et al. 2016).

In the third stage of the project, farmers participated in hybrid workshops mix-
ing participatory modelling and interactive simulation to make the assessment livelier 
and more effective. Using the UML activity diagram editor embedded in Cormas, 
participants were able to generate new management strategies without programming 
knowledge and directly observe their impacts in simulations. This increased interac-
tivity with the model revealed two interesting features:

1.  By being able to modify the agents’ behaviour, participants played with the model 
and better understood its logic. The immediate response of the model to each 
change increased their understanding of the underlying mechanisms. This trig-
gered debates on how best to deal with droughts.
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2.  By testing alternative strategies with the UML editor, participants were able 
to identify some modelling and implementation biases. A strategy they had 
defined was not producing the result they had expected and they identified 
an issue with the way some actions of the agents were scheduled in the agent-
based model.

The primary objective of this participatory modelling process was to improve 
knowledge of the livestock system, and indeed, it brought the IPA experts to ac-
knowledge that their recommendations in terms of management had not always 
been the best. Outside periods of drought, the traditional strategy seemed in fact 
more economically profitable.

Although originally designed by the experts, the model highlighted the value 
of different types of knowledge. Beyond the debates it generated, the agent-based 
model also helped to identify adaptation strategies that seem to improve produc-
ers’ resilience. Today, most of the farmers and technicians who participated in 
the workshops continue to experiment with the model. They use it to seek more 
effective management strategies in normal and drought periods. The Uruguayan 
government is now using this project as a methodological example to be followed 
for other development projects.

Figure 13.1  (A) Design session with experts, (B) first workshop with producers, 
(C)  evaluation by farmers of the UML diagrams of the model, and  
(D) a farmer explains a simulation (© Pierre Bommel)
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A second set of innovations relates to smoothing and tailoring the experience of partici-
patory modelling. Participatory modelling may benefit from a closer collaboration with the 
fields of design, science communication and human–computer interaction to better design 
communication elements such as user interfaces, model guides and diagrams ( Jordan et al. 
2018). Advances in digital and communication technologies provide new forms of visual 
media for use in participatory modelling (Voinov et al. 2016). There could also be more 
responsive human–computer interactions to enhance interactions among participants and 
with the model (Bommel et al. 2018). For a case study where anthropology and arts-based 
facilitation allowed adjustment to the cultural specificities of participants, see McCarter  
et al. (2018).

A third set of innovations relates to a better articulation of models among themselves and 
with real-world processes. Little work has been done on the articulation of different model-
ling approaches that apply to the same SES ( Jordan et al. 2018).

The design science concepts developed by Klabbers (2009) can be used to reflect and 
design the articulation between a participatory modelling process and the research or  
decision-making processes with which it is interconnected (Becu 2020). Hedelin et al. (2017) 
elaborate on organisational integration as a key research question.
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