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ABSTRACT
This article serves as a support for those interested in learning more about participatory
modelling and its potential for widespread adoption by resource managers. The first part
introduces the reader to four basic forms of participatory modelling, identified by classifying
nine example participatory modelling processes. The second part considers the potential
widespread adoption of participatory modelling by resource managers in the water sector,
concluding that this potential is low. It proposes recommendations as to how the potential
for the adoption of participatory modelling by water managers can be increased. One of the
most important recommendations is that policy-makers should focus on the promotion
of forms of participatory modelling that support social learning and the development of
conceptual models. These forms of participatory modelling are considered most likely to
be adopted, especially if they can be promoted in terms of supporting learning cycles
within an Adaptive Water Resources Management approach. Copyright © 2011 John Wiley &
Sons, Ltd and ERP Environment.
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Introduction

P
ARTICIPATORY MODELLING DESCRIBES A DIVERSE RANGE OF MODELLING ACTIVITIES WHOSE COMMON ELEMENT IS THAT

they involve stakeholders in one or more stages of the modelling process, from data collection through to
model construction and use. Its popularity in natural resource management research is evidence, to some
extent, of an acceptance of Haag and Kaupenjohann’s (2001) call for greater recognition of the difference

between modelling for scientific research purposes and for supporting policy- and decision-making, the latter
requiring, they claim, stakeholder participation.

Its popularity is driven by a number of factors. First, participatory modelling is seen as a way of reducing the
number of research-developed models remaining unused by managers (see Borowski and Hare, 2007 Q2). Secondly,
some participatory modelling methods, such as group model building (Vennix, 1996), which facilitate a group to
identify key system components and their relationships, and then to construct conceptual or system dynamics
models, provide benefits which go beyond the production of the model itself. The discussions and negotiations
between the groupmembers during themodel building, for example, improve the group’s shared understanding of the
management problem and its solutions. As such, participatory modelling can be a tool for supporting the type of social
learning currently being promoted for water resources management (Ridder et al., 2005).

*Correspondence to: Matt Hare, Durango 330, Depto 2, Roma Norte, Cuauhtemoc, Mexico D.F. 06700, Mexico. E-mail: hare@gmx.de

Copyright © 2011 John Wiley & Sons, Ltd and ERP Environment

Environmental Policy and Governance
Env. Pol. Gov. (2011)
Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/eet.590

Journal Code Article ID Dispatch: 02.08.11 CE:

E E T 5 9 0 No. of Pages: 19 ME:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57



Another possible driving force behind its popularity is changing legislation requiring environmental managers
and policy-makers to increase stakeholder participation in their work [e.g. Article 14 of the Water Framework
Directive (see EU, 2002) and Article 18 of the European Marine Strategy Directive (see Fletcher, 2007)]. If one
accepts Barreteau et al. (2010) statement that modelling is a major component of natural resources management,
then participatory modelling becomes important.

Finally, the research sector is putting many resources and much enthusiasm into supporting researchers to
propagate and examine different approaches to participatory modelling in natural resources management. The
number of review articles in various journals (e.g. Bots and van Daalen, 2008; Ramanath and Gilbert, 2004;
Hare et al., 2003), as well as the number of European Union (EU) and EU member state-funded research projects
investigating participatory modelling themes (e.g. FIRMA, HarmoniCOP, NeWater, AquaStress, PartizipA) are all
evidence of this.

This article is intended to support researchers and policy-makers interested in learning more about participatory
modelling and its potential. The first half of the article identifies four major forms of participatory modelling
by categorizing nine examples according to an adaptation of Bots and van Daalen’s (2008) categorical frame-
work. The second half of the article discusses the potential for participatory modelling to progress from being a
mainly research-driven activity in the water sector to one being adopted for widespread use by water managers.
By widespread adoption I mean that participatory modelling becomes mainstream in the sector and that managers
set up their own organizing teams, independent of researchers, to create their own participatory modelling pro-
cesses. The article presents the arguments in favour of such a move and then considers the potential barriers,
based on two basic conditions that need to be fulfilled if adoption is to take place: first, that sufficient
resources are available for water managers to undertake the organization of participatory modelling processes,
and secondly that there is a large demand from water managers for new models to directly support decision-
making. Recommendations are then made as to how to increase the potential uptake of participatory modelling,
should this be what water managers and policy-makers desire. With reference to the different forms of participatory
modelling identified by use of the framework, the article concludes by suggesting which forms are most likely
to experience widespread adoption.

Frameworks for Classifying Participatory Modelling Processes

Previous reviews have used different categorical frameworks for characterizing participatory modelling activities
supporting natural resource management. Table T11 compares the criteria used in different frameworks with those
adopted in the adapted framework described in this article. The framework used by Hare et al. (2003), for example,
categorized participatory modelling case studies according to purpose and the participatory structure of the case
study (i.e. the potential number of relevant stakeholders involved, the organizational levels at which they operate,
the local political structure, and the actual stakeholders used in the model’s co-design group). The purpose of the
categorization was to analyse links between participatory structure and process implementation (see Table 1).

Barreteau et al. (2010) developed a framework for participatory research processes which, considering the impor-
tance they assign to the role of modelling in such processes, can be applied to participatory modelling as well. Their
framework categorizes approaches in terms of: (1) stakeholder involvement in different stages of the modelling
process (timing of events), (2) control of the flow of information between stakeholders and (3) whether the stakeholders
are involved individually or in different types of groupings (participation mode). The purpose is to clearly represent
to stakeholders their involvement in a process so that their expectations of it can remain realistic. It also supports
process monitoring and evaluation.

Bots and van Daalen (2008) offer a similar framework to the one above (see Table 1). This too considers the
timing of events and the participation mode, but also the type of model being produced and the purpose of
the participatory modelling process. The framework is intended to support effective process design.

The adapted framework used in this article extends Bots and van Daalen’s (2008) in order to support its intended
use: to more clearly illustrate examples of participatory modelling and to better identify its general forms. It considers
the following criteria (Table 1):
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• participatory modelling purposes,
• model type,
• stakeholders involved,
• timing of events,
• participatory methods used,
• participation mode,
• skills needed to organize and implement the participatory modelling.

The following subsections describe the criteria and their criterion (in italics) used to classify the participatory
modelling nine process examples in Tables T22 and T33.

Participatory Modelling Purpose

This refers to the purposes that the participatory modelling process is designed to achieve. Categories are:

• direct decision-making – a management decision will be made as a result of the process;
• social learning – see below;
• model improvement

• quality – the model has a higher level of accuracy;
• acceptance – the model will be better accepted for use by stakeholders;
• integration – the model integrates cross-sectoral perspectives.

Bots and van Daalen’s (2008) framework includes six categories of purpose such as ‘clarify arguments’, ‘provide
strategy advice’, ‘design/recommend’ and ‘democratize’. As the adapted framework used in this paper is not based
on the assumption that directly influencing decision-making is a usual, implicit purpose of participatory modelling,
‘direct decision making’ is included explicitly as a purpose (subsuming the category ‘provide strategy advice’), so that
one can better judge what processes link directly to management decisions. Other purposes that can be unrelated to
actual decision-making, such as model improvement and social learning, are consequently included as separate
categories. In social learning (Ridder et al., 2005), participants are facilitated in sharing perspectives with each
other and are supported to develop collective problem-solving skills (cf. Barreteau et al., 2010). In the right conditions,
this can lead to the generation of new shared management ideas. This category therefore subsumes Bots and
van Daalen’s categories ‘clarify arguments’ and ‘design and recommend’. However, successful social learning
processes producing recommendations still may or may not directly influence decision-making (see Squires
and Renn in this issue).

Model Type

This refers to the type of model to be built as a result of the participatory modelling process. The categories are:

• simulation model – a computational model of a system which allows the user to simulate system behaviour;
• conceptual model – a model that qualitatively explains a system ‘on the basis of preconceived notions of how the
system works’ ( Q3Mulligan and Wainwright, 2005, p. 14). This might include paper- or computer-based representa-
tions of a system’s ontological model (i.e. key system components and their structural relationships). A common
representation is a directed graph in which components are visualized by nodes and relationships by directed
arrows between nodes (e.g. causal diagrams or influence diagrams).

Each type of model has a particular role (cf. Barreteau et al., 2010):

• scientific – for research purposes;
• decision support system (DSS) – contributes to a DSS;
• discussion support – supports stakeholder deliberations and discussions;
• communication – explicitly communicates stakeholder perspectives to others.
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While Bots and van Daalen (2008) provide a detailed classification of natural resource management models, in
this article a simpler approach is used to reflect the nature of the examples illustrated and to focus later discussions.

Stakeholders Involved

Many different types of stakeholder can be involved in a participatory modelling process. In this framework,
the stakeholders involved are divided into:

• the organizing team – those organizing the participatory modelling process;
• the different stakeholder types (farmers, extension workers, mayors, etc.).

In contrast to Barreteau et al. (2010), models are not treated as actors (active participants) in the activity. Also,
researchers and policy-makers are subsumed, where appropriate, within the categories ‘organizing team’ and ‘stakeholder
types involved’.

Timing of Events

The modelling stages (cf. Squires and Renn) in which stakeholders in a participatory modelling process may be
involved are:

• data collection – raw data are collected to support the definition of the model or later to parameterize it;
• model definition – suggestions as to design components of the model are elicited. Design components may include
the modelled system’s ontology, the model boundary and the user requirements;

• model construction – a technical activity in which final decisions on model ontology etc. are made and a working
model is constructed;

• model verification/validation – model components or outputs are checked;
• model use – stakeholders use the model.

In Bots and van Daalen (2008), the participatory modelling process includes categories for ‘model construction’
(involving activities such as ‘inform model construction’ and ‘make modelling decisions’) and ‘model use’. The
main concern with their categories is that informing and making decisions are different in terms of the level and
effort of participant involvement; a difference that is crucial to understanding participatory modelling approaches
that are deliberately less stakeholder-intensive, such as Polhill et al. (2010), which will be described later in the pa-
per. Therefore, ‘inform model construction’ has been included in the adapted framework as part of the model def-
inition stage.

Participatory Methods Used

The following lists examples of different possible participatory methods (in italics) that can be used at each
modelling stage:

Data collection – Methods include participatory monitoring and surveys that return data for modelling purposes.
Stakeholders can also be requested to contribute data.

Model definition – Model definition can be supported by individual stakeholders through the use of knowledge
acquisition methods to identify an individual’s views about the management system, such as structured or unstruc-
tured interviews, card sorting (Rugg and McGeorge, 2005) and cognitive mapping, which produces qualitative concep-
tual models [e.g. the causal loop diagrams in Vennix’s (1996) interview approach to diagramming (p. 119)]. Design
suggestions can also be elicited from groups of stakeholders by applying the ARD stages of the ARDI method
(Etienne et al., 2008a), in which a facilitator elicits suggestions in terms of important actors, resources and dynamics,
by use of a specially coded, text-based representation. Other techniques (see Ramanath and Gilbert, 2004) include
requirements analysis, joint application design workshops, prototyping (in which mock-ups, or latest versions of the
model are created and shown to stakeholders for feedback) and user panels.

Model construction – Stakeholder involvement in model construction is typically through some form of group
modelling exercise. These forms include group model building (Vennix, 1996), which supports stakeholder groups
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to produce either causal loop diagrams or systems dynamics models, as well as the ARDI co-construction method
(Etienne et al., 2008a) and the group version of hexagon modelling (Hodgson, 1992) which facilitate groups to produce
influence diagrams.

Model verification and validation –Methods include show and tell verification (the model contents are presented to
stakeholders for their feedback); show and tell validation (results are presented to stakeholders for their judgement
about their validity); focus groups (see Squires and Renn); document-based questionnaires or workbooks [model results
are documented and stakeholders complete a questionnaire to assess their views on the validity or verification of the
model (Vennix, 1996)].

Model use – Stakeholders can use a simulation model directly, independent of the organizing team (direct use), or
with the support of the organizing team (mediated use). They can request the organizing team to run specific simu-
lations, e.g. as part of a scenario-testing phase (use-by-demand) or they can use a model as part of a role-playing game
(gaming1). If a causal conceptual diagram has been built, the stakeholders can also use the model to identify measures
and simulate their effects by hand (simulation-by-hand).

Participation Mode

This specifies (Bots and van Daalen, 2008) whether the stakeholders are involved as individuals (IND) or as part of a
group, with homogeneous interests (HOM) or with heterogeneous interests (HET).

Skills Needed

This specifies the skills the organizing team need, to carry out different stages of the participatory modelling
process:

• modelling skills (M),
• facilitation skills (F) and
• knowledge acquisition skills (KA).

Examples of Participatory Modelling Processes and their Classification

Nine examples of participatory modelling processes were selected for classification to illustrate the extent to which
such processes vary. Most examples are from the water sector, reflecting the background of the author, but examples
from other sectors are also examined. The examples are labelled according to the geographical area of application.
Examples such as Zürich and Hase II have already been reviewed and categorized in Hare et al. (2003) and Bots and
van Daalen (2008), respectively. The entire Iskar process, of which Iskar (Phase I) is a part, has been categorized
by Barreteau et al. (2010). All are included in this review to provide alternative analytical perspectives. The full list
of examples in order of their appearance in Tables 2 and 3 are:

(1) Grampian (Polhill et al., 2010);
(2) Hase I (Newig et al., 2008);
(3) Wadden Sea (Engelen, 2004);
(4) Zürich (Pahl-Wostl and Hare, 2004);
(5) Nîmes (Etienne et al., 2008b);
(6) Hase II (Newig et al., 2008);
(7) Iskar (Phase I) (Daniell, 2008);
(8) Moorlands (Hare, 1999);
(9) Ebro (Valkering et al., 2009);

1A category of model use also identified by Bots and van Daalen (2008).
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The following sections describe and classify the nine process examples according to the four general forms of
participatory modelling that are identifiable from the categorizations in Tables 2 and 3, using the adapted framework
in Table 1. These categorizations are according to the author’s own interpretation of the processes.

Form I: Front- and Back-end (FABE) Participatory Modelling

This form of participatory modelling concentrates involvement on the early and later stages of themodelling. It tends to
be consultative in nature, asking for input on definition and validity, but without extensive work between stakeholders
and/or with the organizing team on model construction. The following subsections classify five examples.

Example 1: Grampian (Polhill et al., 2010). This process sought to incrementally improve a pre-existing land-use
simulation model (called FEARLUS) for scientific purposes by using heterogeneous groups of stakeholders to
‘suggest and check’ the model. It is a good example of deliberately trying to implement a less stakeholder-intensive
participatory modelling process in terms of stakeholder time and effort. Farmers and farm business advisors
were interviewed to get suggestions on decision-making and change processes, and to inform revisions in
model ontology and definition. Once the modified model version had been developed, participants were sent
a questionnaire describing the new model’s structure for comment. These comments then fed back into a new
round of model re-development.

Example 2: Hase I (Newig et al., 2008). Hase I and Hase II were subprocesses of a larger process in the Hase
sub-basin in Germany which Bots and van Daalen (2008) in their review refer to as an example of participatory
modelling embedded in a decision-making process. However, during the project implementation it became clear
that a direct link to a decision-making process was not feasible and, instead, the purpose focused, as reported in
Newig et al. (2008), on supporting stakeholders to improve their knowledge of the EU Water Framework Directive
and collectively investigate measures for groundwater protection in the sub-basin.

The Hase I sub-process (see Table 2) refers to the participatory parameterization and use of an existing nutrient
model (STOFFBILANZ) for the purposes of developing scenarios to support the group discussion of measures. The
sub-process sought to gain stakeholder acceptance of the model by involving them in the provision of data and in
model validation. Stakeholder use of the model was by demand, with requests to the organizing team to run specific
scenarios. Due to multiple factors, including the failure to obtain stakeholder verification of the model parameters
(Newig et al., 2008) and stakeholders’ doubts as to the validity of the model (Berkhoff, 2008), the model results were
not used in the rest of the process.

Example 3: Wadden Sea (Engelen, 2004). This process illustrates a participatory method for developing scientific-
based models used in a decision support system for the management of the Wadden Sea in the Netherlands. The
purpose was to improve model quality, integration and acceptance. Policy-makers were envisioned as the end users
and were interviewed to define model boundaries and requirements. The organizing team then created conceptual
models of the system using these as well as literature reviews. Experts were brought together in small groups and
supported in using a graphical modelling tool to verify and redefine these conceptual models. The quantified versions
of these conceptual models were then constructed by the organizing team, and verified and refined by subject experts.
The organizing team used these to develop simulation sub-models for use in the decision support system.

Example 4: Zürich (Pahl-Wostl and Hare, 2004). This process illustrates an example of a FABE process involving
the generation of conceptual models without stakeholder involvement at the model construction stage. The process
sought to support social learning between urban water management stakeholders to improve discussion and the
sharing of perspectives, as well as to reinforce their collective problem-solving capacities, the results of which might
eventually support decision-making at some point in the future. Cognitive mapping (using a hexagon modelling
approach applied to individual stakeholders) and card sorting were used to elicit individuals’ perspectives and
suggestions regarding the behaviour of the management system, as part of model definition. The organizing
team then filtered these suggestions and made decisions as to which parts of them should be integrated to
compose a single conceptual model. As such, the stakeholders could not be deemed to have been involved
in model construction, as they had no control over the final form of the model or choice of its components.
The heterogeneous stakeholder group was then facilitated to use the influence model to identify measures and
impacts using simulation-by-hand techniques. In addition, the group used the role-playing game to further test
their management ideas and system understanding.
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Example 5: Nîmes (Etienne et al., 2008b). This process sought to support social learning and develop collective
management ideas for urban fire prevention, whilst developing conceptual and simulationmodels. It is an uncommon
example in which decision-makers (mayor and government officers) were made part of the organizing team.
Extension workers used an ARDI-based group modelling exercise to develop a conceptual model which provided
system knowledge for the organizing team to build their intended simulation model. The latter provided the
platform for a role-playing game which was used by the organizing team and additional mayors to explore
how to improve fire prevention in Nîmes. Table 2 describes just the ARDI and role-playing phases of what was
a longer participatory process.

Form II: Co-construction2 participatory modelling

This form, co-construction, involves stakeholders directly in model construction (see Table 3), with final decisions
on model structure being made by the stakeholders. It is used almost exclusively for the construction of conceptual
models. Two examples are highlighted.

Example 6: Hase II (Newig et al., 2008). The second sub-process within the Hase case study (see Hase I above)
developed an integrated conceptual model of the environmental, social and economical aspects of water quality
management within the sub-basin. Building on the work of Pahl-Wostl and Hare (2004), cognitive mapping was
used to elicit individual stakeholder perspectives regarding the existing management system. If one considers the
model output of Hase II to have been the integrated conceptual model, then, in contradiction of Bots and van Daalen
(2008), the model construction stage was not carried out using cognitive mapping, but involved the stakeholders
doing group model building, using the cognitive maps created as model definition inputs, to create an integrated
conceptual model. The stakeholders then used this to discuss and evaluate measures. This difference in analysis
is important as it correctly establishes the focal point of social learning as being in the group activity.

Example 7: Iskar (Phase I) (Daniell, 2008; Daniell et al., 2010). This example illustrates the early phase of a larger
multi-level stakeholder process. The process aimed to support flood and drought management for the Iskar river
basin (Bulgaria) through improvement of stakeholder communication, the development of common visions
and a common evaluation of management strategies. The process categorized in Table 3 refers to Phase I (up
to Workshops 1 and 2), in which stakeholder views regarding drivers and barriers to effective flood and drought
management were elicited. The participatory modelling approach depended on the stakeholders involved. National
policy-makers and mayors followed the approach used in Hase II: cognitive mapping on individuals used as input
for the group model building of a conceptual model of the management system. Council workers directly carried out
group model building to build their conceptual model, without the cognitive mapping phase. Citizens, due in
part to their large numbers, were interviewed and the organizing team developed the citizens’ group conceptual
model. All models were used to communicate the stakeholders’ views between different organizational levels
of stakeholder, and to allow the organizing team to analyse important perspectives on drivers and barriers within the
management system.

Form III: Front-End Participatory Modelling

This form includes very limited participation, focused exclusively on the early stages of the modelling process.
Example 8: Moorlands (Hare, 1999). This modelling activity sought to develop competing models of red grouse

population dynamics and management, within a simulation laboratory, for scientific purposes, i.e. assessing model
structural uncertainties. Requests for data were made and non-structured interviews used to gather conflicting
knowledge about grouse dynamics, which, along with data and knowledge from the literature, was then analysed
by the researcher to construct alternative models for assessment.

Form IV: Back-End Participatory Modelling

This form brings in stakeholders exclusively to use the model, after it has been developed by the organizing team.

2For more background on the term co-construction see, for example, Etienne et al. (2008a) and Daniell (2008).
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Example 9: Ebro (Valkering et al., 2009). This process sought to support exploration and social learning in river
basin management. The model was designed and built by the organizing team, with stakeholders using it as part
of a role-playing game. Valkering et al. describe this approach as participatory simulation.

Implications of Process Design Choices

The implications of method choice

As these examples illustrate, there is a multitude of possible approaches to participatory modelling, even when
the purposes or form are similar. In terms of participation mode (see above), there are processes with similar
participatory modelling forms in which stakeholders always work together in groups and others in which the
organizing team work with stakeholders individually. The examples demonstrate, however, that despite the
emphasis Bots and van Daalen (2010) place on the importance of participation mode in determining the process,
the impact of the participation mode is itself determined by the choice of participatory method used. For example,
whilst both a show-and-tell validation activity and group model building are group activities (i.e. their participation
mode involves heterogeneous or homogeneous groups), a group model building method will have a better
chance of achieving the participatory purpose of social learning.

What is also apparent from the examples is that decisions about the participatory methods used at different stages
will alter the balance of the share of work between the organizing team and stakeholders. Interviews, for example,
will require less effort for stakeholders than taking part in group model building. Cognitive mapping at the model
definition stage, although a little more work-intensive for the stakeholder, produces a complete system model
ontology for the organizing team. This in turn eliminates the need for the qualitative analysis otherwise required
of the organizing team when analysing interview protocols during the model construction stage of processes
such as Grampian. The type of skills needed by the stakeholders and organizing team when participating in
different stages also depends on method choice. In Iskar (Phase I), for example, the national policy-makers
were asked to be system analysts and modellers, to the extent that they needed to understand the specific modelling
syntax and semantics required to build qualitative conceptual models. Likewise, the organizing team not only had to
have modelling skills but also knowledge acquisition and facilitation skills, as cognitive mapping and group model
building methods were used.

What Type of Model: Simulation or Conceptual?

Decisions on model type developed through participatory modelling have serious implications, for example, on the
durability and applicability of the models produced. Whilst simulation models for research should be reflections of
how a system might work, conceptual models developed through participatory processes and based on stakeholder
perspectives will not necessarily be. This means that although the research model has an applicability stretching to a
point in time in which it is proven to be no longer valid, the participatory conceptual model will generally only have
applicability for the stakeholders concerned, at the time in which it was developed, unless the knowledge they bring
to the model, and the way it is integrated, happens to be scientifically sound.

There are other issues to bear in mind when choosing to develop participatory conceptual models, such as causal
diagrams (see also Daniell, 2008). The meaning of such models may be difficult to interpret by those outside the
process, as it is sometimes difficult for stakeholders to reach and maintain a high level of terminological clarity, even
when there is a moderator to assist them. Also, individual members of the group might not necessarily feel that the
final group model, even when co-constructed, represents their views adequately; their views might no longer be
clearly represented in it. This problem is exacerbated when, as reported in Daniell (2008), such models are further
processed by the organizing team to tidy up and homogenize terms used within different stakeholder groups.

The decision as to which type of model to develop is also important as it appears from the examples that social
learning purposes are most readily supported through the participatory modelling of qualitative conceptual models
within co-construction, or some front-and-back-end processes. The important thing for social learning is that the
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stakeholders work together on tasks, preferably in a heterogeneous grouping (Ridder et al., 2005). Such tasks
may be sharing perspectives on model definition (e.g. Iskar), using a model for strategy identification and testing
(e.g. Zürich) or constructing a conceptual model (e.g. Hase II). Squires and Renn’s analysis in this issue suggests that
choice of model developed in the process might sometimes matter if social learning is to be supported effectively.
The development of the technical, bio-economic model in their case study supported social learning to a limited extent.

Supporting Decision-Making or Supporting Social Learning for Future Decision-Making?

When Bots and van Daalen (2008) write that ‘the [participatory] modelling exercise is expected to have some impact
on the decision-making process it is part of . . .’ it may appear to the reader that there is an assumption that such
processes have this purpose per definition. What is clear from the examples is that none of the cited articles describing
them claim to have directly led to a specific water management or planning decision (although the complete Iskar
process got as far as generating recommended technical planning project proposals for which funding was to be
sought). This is true too of the process described in Squires and Renn. In an earlier review of processes, Hare et al.
(2003) came to the same conclusion and treated this as a cause for concern. Consideration of these examples,
however, leads to the conclusion that this concernmay not be so important if one considers the equally valid purpose of
social learning, i.e. increasing stakeholders’ capacity for taking collective decisions or for supporting decision-making
processes at some point in the future. How participatory modelling processes leading to social learning might be a
latent asset for future decision-making in this way is discussed at the end of this article.

Should a process designer want to support decision-making directly then, among other things, the scale of
mismatch problem (Hare et al., 2003) will need to be solved by including many different organizational levels of
stakeholders in different activities (for good examples, see Daniell, 2008; Barreteau et al., 2010).

The Potential for the Widespread Adoption of Participatory Modelling in the Water Management
Sector

Based upon experiences from European research and consultancy, as well as international development, this article
now considers whether participatory modelling can move from being a research-driven activity to being one that is
widely adopted by water managers.3 I argue that the widespread adoption of participatory modelling by water
managers is important for a number of reasons. First, if adopted, participatory modelling could become a valuable
tool in the participatory toolbox of water managers and so provide them with effective ways of meeting, or even going
beyond, legislative requirements for participation in water management. They would also gain the benefits the
approach offers in terms of model improvement (e.g. better stakeholder acceptance and improved quality due
to the cross-sectoral integration of knowledge). Widespread adoption and the mainstreaming of participatory
modelling within the water management sector would also mean that the water managers no longer have to
rely on the research community to run their processes. This is crucial as the research community does not
have the capacity to act as the organizing team for that many participatory modelling processes. Also, research
objectives and management objectives are not always compatible. Daniell (2008, p. 224) suggests that some research
approaches have a ‘reliance on results or model validation . . . at the expense of the participants’. In this case, either
the objectives of the research or the management sector have to take precedence. Daniell et al. (2010) call for
managers to lead processes if operational management is the priority.

Given the above benefits, I propose that for widespread adoption to occur, at least two conditions need to be met:

(1) there need to be sufficient resources available to water managers to support participatory modelling processes; and
(2) there is a large demand for new models to support actual water management decisions.

The next sub-sections will discuss whether these conditions are currently being met.

3Water managers, with operational decision-making responsibilities, are referred to here rather than policy-makers, as it is they who are most
likely to directly use models for their work.
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Are There Sufficient Resources Available for Water Managers to Support Participatory Modelling Processes?

To answer this question, it is worth considering the experience that researchers and consultants have had in trying
to promote participatory processes in general in some parts of the water management sector. For example, recent
participatory work involving the construction of water retention areas, with local government authorities from
north-west Europe as part of the TRUST project (Krywkow et al., 2007), highlights the barriers to the uptake of more
intensive forms of participation by water managers and planners. One of the foremost resource constraints is the
human capacity within the water management organization to organize participation. The skills and personnel
needed to plan and facilitate intensive participatory processes are often lacking.

Even when the organization has generous human and financial resources, it may be that participatory processes
which shift power and responsibility in decision-making are not seen as a priority for the organization. For example,
some water management organizations are seen by themselves and others as the competent authorities, and their
managers may be legally responsible for their management decisions. There is therefore an understandable reluc-
tance to change what apparently works and to share discussion and decision-making with non-legally responsible
stakeholders who may rightly or wrongly be considered non-experts. Without making clear the costs and benefits
of implementing participatory processes, changes in established practice are not likely to occur.

Additionally, although the existence of legislation prescribing participation in water management can encourage
the adoption of approaches such as participatory modelling, it can also act as a barrier, depending on what level of
participation4 is prescribed and on the level of risk that the water manager is willing to accept (e.g. planning schedule
slippage). For example, in the case study of Moellenkamp et al. (2010) the competent authority for planning the
implementation of the Water Framework Directive (WFD) was reluctant to accept the risk of carrying out a higher
level of participation and divert its resources in this direction when the EU WFD only specifies information provision
and consultation as obligatory (active involvement of stakeholders is merely encouraged). As participatory modelling is
a tool that can be considered as supporting a high level of participation, corresponding toMostert’s fourth level, namely
co-designing (Mostert, 2006), its adoption might therefore be hindered if legally binding participatory obligations
continue to be set at low levels. This fear is further reinforced by Videira et al.’s (2006) review of public stakeholder
participation in various European water management projects, which suggests that conforming to regulatory
requirements can mean there is ‘no room for active involvement’ (p. 19). Promotion of participatory modelling
and other higher levels of participation are also unlikely in cases where the directive is unclear on how to involve
stakeholders, as for example in the Marine Strategy Directive (Fletcher, 2007).

A final barrier is when the infrastructure planning department is separated organizationally from participation
and modelling activities within a water management organization (see, for example, Krywkow et al., 2007). If so,
then problems of incompatible time-schedules may occur unless there is a strong capacity for interdepartmental
coordination, as planning goals will tend to take precedence if there is the risk of severe penalties for late completion.
Thus, planning will tend to race ahead of both modelling and participatory activities, with the risk that the latter
two become redundant (see also Bots and van Daalen, 2008). Given these conditions, activities such as participa-
tory modelling, when tried, would ultimately be seen as ineffective within the organization and resources moved
elsewhere.

To conclude, resources, in terms of human, technical, institutional and financial capacities, may not always be
sufficient to allow participatory modelling processes to be adopted successfully by water managers.

Is There a Large Demand for New Models to Support Water Management Decisions?

Given recent research (e.g. Borowski and Hare, 2007; Mysiak et al., 2008; Webler et al.), it is questionable
whether the modelling community is often producing the type of models or decision support systems (DSS) that
decision-makers in the water sector can or desire to use. In other words, although the potential role of models in
decision-making is high, there may not be a large demand for the types of models the decision-makers are currently
being offered.

4See Mostert (2006) for a description of such levels.
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Research on the uptake of research sector models and DSS in the EU by Borowksi and Hare (2007) and Mysiak
et al. (2008) report the problem of such tools being left unused on the shelves of users’ organizations after limited
initial use. Msyiak et al. report that half of the potential users they surveyed who had been involved in requirements
analysis for a DSS never ultimately used it. Although one can query the validity of surveys as measures of true
demand, different research activities in the water sector have identified similar barriers to the use of models
that may explain their comparatively low uptake.

For example, the findings of Borowski and Hare (2007) concur with those of Webler et al. in the present special
issue in indicating that the modelling community is not always communicating well with the user side, and thus not
providing the type of models for which there is a demand [e.g. models that are maintained and well documented
(Borowski and Hare, 2007)]. Further corroboration comes from the work by van Overveld et al. (2010) concerning
the use of technical knowledge and scientific information. They too cite a lack of sensitivity to the demands and
needs of policy-makers as a possible reason for such knowledge not being made use of in water policy decisions.

A worrying example of potential mismatch in demand and supply is the current trend within the research
community towards producing ever more complex integrated simulation models. According to Borowski and
Hare (2007), despite this trend, there is greater demand by managers for simple, data-rich models. Indeed, Webler
et al. report that modellers and outreach professionals think that such an increase in complexity is a ‘handicap for
policy models’. This trend leads to an increase in the difficulty of obtaining sufficient data to enable such complex
models to be transferred easily for use in new management locations, a problem which the latter two cited articles
both highlight. The trend also increases the amount of model uncertainty that has to be dealt with. Again, both those
articles report great differences in opinion as to the degree to which decision-makers or other users want to deal
explicitly with uncertainty in models and what type of support modellers should provide to users for dealing with it.
This in turn has an impact on model trust.

Ultimately, trust in their information sources is an important issue for all managers. Water managers need to be
able to trust in the validity of the models they are using, especially as the manager often has a legal responsibility
for the decisions made and has to clearly justify the reasons for their decisions to their superiors or to the
public (cf. Borowski and Hare, 2007; Webler et al.). With this in mind, it has to be remembered that information
from models is just one of many sources that are used by a decision-maker to make decisions (van Overveld et al.,
2010). Models are in competition with other sources of influence, such as trusted expert opinion, personal hunches
and rules of thumb, expediency and power politics. Thus if trust in the model is lacking, due to high levels of model
uncertainty, models can be easily ignored as decision-making support tools, and replaced by other sources. Similar
issues related to trust and uncertainty can also be read in van Overveld et al. (2010), confirming the ferocity of the
competition taking place to influence decision-making in the water sector.

The picture does not improve considerably when one considers the demand for models at the international level
in the area of water-related cooperation and development work. Recent UN reports on less-developed countries’
water sector capacity development requirements (UN-HABITAT/UNW-DPC, 2009; UNW-DPC, 2009) cite many
requirements, including better monitoring systems, more data and support in organizing participatory processes,
but few requirements pertain to new models. When the latter are mentioned, single-issue models are requested,
e.g. supply network models.

In conclusion, it is easy to overestimate the demand for new models within the water management sector,
especially for those models developed by the research sector. The demand appears to be mainly for simple,
data-rich, trustworthy models, to be used as one of many sources of information to support decision-making.

Supporting Widespread Adoption

As discussed in the previous section, neither the two proposed conditions for the adoption of participatory
modelling by resource managers can be assumed to be generally met in the water sector. This section sets out
recommendations for ways of overcoming these barriers to adoption.

15Participatory Modelling in the Water Sector
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Improving the Resources Available for Implementing Participatory Modelling

All forms of participatory modelling, as with participation in general, will be hard to adopt if there is a lack of human
and institutional capacity within water management organizations to properly organize and coordinate participatory
modelling processes within planning activities. If EU environmental policy-makers believe widespread adoption
of participatory modelling within water management organizations is important, then they should consider the
following recommendations.

Awareness-raising – The research sector should be supported to provide water management organizations
with the costs and benefit estimates of participatory modelling. It should also advocate the link between different
types of participatory modelling and the water manager’s ability to meet (and go beyond) current legislative prescrip-
tions for participatory management.

Human, organizational and institutional capacity development – The research sector should be funded to support
the transfer of the necessary skills and tools in participatory modelling, knowledge acquisition and facilitation to
the water management sector, so the latter can implement independently. Similarly, the research sector should
support institutional and organizational strengthening of inter-departmental coordination, and social learning,
within water management organizations.

Infrastructure project funding – To avoid participatory approaches such as participatory modelling becoming
redundant during planning projects, EU funds (e.g. INTERREG) should not support projects in which participation
is a separate work package from infrastructure development. There should be financial penalties for not imple-
menting participation in coordination with the planning, as there can be for failure to implement infrastruc-
ture plans on time.

Legislation – Legislation regarding stakeholder participation in water management should clearly prescribe levels
of involvement higher than information and consultation, preferably active involvement.

Improving the Demand for Participatory Models

The recommendations here depend on the purpose of the participatory modelling desired and the types of models
to be built.

If participatory modelling is to be adopted as a technique for developing simulation models for supporting
decision-making, then severe barriers need to be overcome. As previously mentioned, these include a lack of
trust in the involvement of non-expert, non-legally responsible stakeholders, as well as a lack of trust by water
managers in the use of models that are not data-rich. Great care therefore needs to be taken in trying to deliver
the right type of models that might be produced via such processes. The recommendations of Borowski and

Figure 1. The link between planning and learning cycles in Adaptive Water Resources Management and the potential role of
participatory modelling. (Adapted from Mysiak et al., 2010, figure 12.1.)
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Hare (2007) for improving the adoption of models can be usefully adapted for such participatory modelling
purposes:

• use only expert stakeholders or those who have the trust of the water manager;
• resist the temptation to develop data-hungry, complex, integrated models;
• develop simple models, based on rich data sources;
• write funding proposals that allow for professional levels of model documentation and maintenance;
• include water managers in the organizing team, as in Etienne et al. (2008b);
• implement less stakeholder-intensive FABE forms of participatory modelling, such as the one proposed by Polhill
et al. (2010), given the reported lack of time for participation that practitioners may have for such activities
(Borowski and Hare, 2007).

On the other hand, if one accepts that water managers’ demand for stakeholder-derived simulation models for
supporting decision-making will remain low, then forms of participatory modelling that generate them are unlikely
to be adopted. Policy-makers should instead seek to encourage and resource the adoption of forms of participatory
modelling that generate conceptual models for social learning purposes. The benefits of these approaches have
been well documented (e.g. Daniell et al., 2010), but an additional benefit would be that the fears that some water
managers may have about model validity, data availability and of active non-expert involvement in decision-making
can be side-stepped by these approaches, as the development of a valid simulation model for directly supporting
decision-making is not their purpose. In the terms used by van Daalen et al. (2002) to describe the different
roles of models in the environmental policy life cycle, the models participatorily developed in this way would not
be for management directly, but used as consensus creators, ‘arguments in dissent’ and ‘eye openers’.

As illustrated in the examples Hase II and Iskar, the co-construction of conceptual models can be useful as a basis
to support the integration and representation of multi-stakeholder views on the management system and to support
stakeholders in developing strategy recommendations that might eventually indirectly influence future decision-
making processes. FABE approaches to the development of conceptual models would also be appropriate for social
learning if, as illustrated by the Zürich and Nîmes examples, heterogeneous group-based activities can be included
in them (such as sharing of perspectives via cognitive maps, simulation-by-hand or gaming).

What might it mean for participatory modelling to be used to support social learning as a latent asset for future
decision-making, whilst at the same time minimizing the risks and associated fears for the water management
community? Adaptive Water Resources Management (Mysiak et al., 2010) provides a framework for answering
this question. An important aspect is that it links formal, integrated planning cycles with learning cycles whose purpose
is to feed new knowledge, ideas and alternative strategies into the planning cycle whenever the latter needs extra
support to adapt to new situations or to policy failures. The learning cycles operate in a niche adjacent to the formal
planning cycle (see Figure F11).

As the participatory process case study of Moellenkamp et al. (2010) shows, water managers and implementing
authorities are more willing to accept higher levels of stakeholder involvement when it can take place in such niches
so that the planning cycle is insulated from the risks of failure in participation. Eventually, if the niche functions
well, the results coming from the learning cycles may also impact on the decision-making in the planning cycle,
as happened in Moellenkamp et al. (2010). Similarly, forms of participatory modelling that support the development
of conceptual models for social learning purposes could effectively be adopted by water managers, alongside other
participatory methods, for widespread use in supporting these learning cycles,5 in order to aid future decision-
making in the formal planning cycle as and when support is needed by the water managers.

Conclusions

Using a framework adapted from Bots and van Daalen (2008) and Barreteau et al. (2010), this article classified nine
participatory modelling process examples. As a result, four general forms of participatory modelling (FABE, front-end,

5See Stefanska et al. (this issue) for another example of the activities of such a niche in the form of shadow network.
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co-construction and back-end) were identified, each requiring different combinations of skills, methods and
participation modes to implement them. The categorized examples also show that assumptions that the usual
purpose of participatory modelling is to directly support decision-making are not valid.

The potential for the widespread adoption of participatory modelling amongst water managers was then
considered and adjudged to be currently low. Further research should be carried out to judge to what degree
the demand for participatory modelling matches the necessary research investment. With this information, the
policy-makers at the EU level can better judge whether and how to promote its adoption.

Should promotion be considered necessary, both the EU at the policy level and the research sector have a major
role to play in supporting the widespread adoption of participatory modelling. Recommendations for these actors
include raising awareness about the link between participatory modelling and meeting legislative requirements
for participatory water management in the EU; improving human, organizational and institutional capacities of
water management organizations to carry out participation; and changing the funding structures of infrastructure
planning projects. One of the most important recommendations is for policy-makers to focus on promoting co-
construction and FABE forms of participatory modelling that support social learning, rather than forms that
develop simulation models to directly support decision-making. The key to achieving widespread adoption of
participatory modelling in the water management sector might ultimately be to propose the use of participatory
modelling as a means for supporting learning cycle niches, adjacent to formal planning cycles, as part of an Adaptive
Water Resources Management approach.
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