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1. Introduction
The need for new knowledge systems for environmental decision making
The failure by governments to take meaningful action on many issues of environmental concern, of
which climate change is clearly the outstanding, but not the only example, shows clearly that
traditional knowledge relationships between science, policy and society are no longer fit for purpose.
Policy makers are frequently criticized for ignoring scientific evidence. Citizens are frequently
uninformed or misinformed about key issues because global media is increasingly controlled by
powerful groups delivering an ever-diminishing diversity of messages. Scientists, meanwhile, can be
criticized for not doing enough to step outside of their comfort zones and strongly engage with other
members of society. This bleak panorama is the main reason why citizen participation is becoming
important to so many decision-making processes. It is already generally agreed that better decisions
are implemented with less conflict and more success, when they engage stakeholders, that is, by those
who will be bearing their consequences. However, under this new paradigm, it is necessary not only
for such stakeholders to become involved in the decision-making process, but to find ways to
integrate and align top-down and bottom up driven knowledge.
For this reason new approaches are required that support the development of knowledge systems that
are adequate to today’s global environmental challenges. In the following document we present a
series of innovative approaches developed for the particular challenge to be met by the COMPLEX
project: the need to define clear pathways to achieve a low-carbon economy within a reasonable
timeframe. Central to our approach has been the integration of various types of models, from
conceptual models of governance systems to economic models of actor behavior in the climateeconomy-society system, to models of land use allocation under clean energy regimes. All of these
approaches have incorporated, to varying degrees, knowledge that has been co-generated by
stakeholder communities engaged by the various work packages. These diverse experiences in
knowledge integration through modeling activities developed among a range of disparate stakeholder
communities are described in detail in this document. The lessons learnt from these experiences are
used to develop a generic framework for participatory modeling in general, which we present at the
end of the document.
Integrated modeling with stakeholders
Currently there is much interest in integrated modeling that assumes that models, modules,
components are linked to produce more functionality and better understanding of environmental and
socio-economic processes. At the same time collaborative model development involving stakeholders
has become an increasingly standard approach in environmental modeling. A modeling exercise that
involves stakeholders can always be considered as an attempt to integrate the knowledge of different
participating stakeholders. Lessons learned from model integration can be helpful in putting together
stakeholder knowledge. At the same time, dealing with stakeholders can help us better integrate
models, especially when models are from different disciplines. Therefore we find some
commonalities and much synergy in model and stakeholder integration.
Several approaches including companion modeling, group model building, mediated modeling and
participatory simulation have evolved rapidly in the past 10-15 years. These approaches combine
modeling methods with participatory methods. There used to be much discussion about the role of
“expert” versus “stakeholder” knowledge, as if only modelers or scientists were experts (e.g. Cohen
1997, Failing et al 2004). However, we consider this perspective to be unhelpful and outdated (more
recent studies take a broader view of who is an expert, e.g. Krueger et al 2012). It is problematic
because it misses the main objective of participatory modeling, that is, co-generation of knowledge
between different stakeholder communities, and fails to recognize that the scientist is just one
stakeholder in just one knowledge domain. Thus the knowledge domains represented in the process
are likely to vary depending on the process to be modeled and the level of sophistication in the models
used.
4

It can also be noted that there is, in general and also here, a diversity of concepts for describing actors,
e.g. “stakeholders”, “experts”, “citizens”, “practitioner communities”, “academia”, “local
stakeholders” – for which participation and participatory processes means very different things, and
also at a different societal levels, e.g. local, regional, national, international. The usage of these
concepts must be considered in their contexts.
The question is about knowledge integration vs. model integration and how the two can be
complementary? What can we learn from our experience associated with combining various forms of
knowledge (personal experience, group preferences, expert opinion, science-based knowledge, etc.) in
a participatory modeling framework to improve integration between models? Reciprocally how can
model integration help us integrate knowledge of stakeholders?
Model and knowledge integration appear as two dimensions and types of integration. On the one hand
we have the integrated modeling approach, which looks at pieces of the whole, perhaps at very
different spatial and temporal scales, that are then put together using appropriate software tools
(Fig.1A). On the other hand we can think of various models of the whole system built from various
viewpoints, or visions. These worldviews or knowledge bases need to be further integrated to get a
coherent representation of the system (Fig.1B).
While the first approach might typically
involve direct integration using
software tools, which is usually referred
to as integrated modeling (Laniak et al.,
2013), the second approach relates to
knowledge integration or integral
modeling, in which we try to bring
together the holistic thinking about the
system as it is manifested in some of
the particular features of the system that
we focus on and expose for further
analyses. While the first approach
operates largely in Kahneman's System
2 type of thinking, in integral modeling
we try to capture the intuitive, intrinsic
knowledge of System 1 thinking
(Kahneman, 2011). While in the first
case knowledge is first interpreted
using some modeling formalism, and
then models are integrated to produce
new knowledge about the system, in the
second case, existing knowledge
appears already as a product of some
Figure 1. Model integration and knowledge integration
sort of integration, as model output, or
as values, beliefs, preferences or biases of stakeholders. It is then brought together and integrated to
produce new knowledge. In both cases the model appears simply as a structured process, which
allows new knowledge to be co-developed by all stakeholders through a participatory process. In the
first case this knowledge is more disciplinary, specific and localized. It gets first translated and
formalized and then, perhaps, integrated. In the second case, the knowledge is more holistic, general,
and qualitative; it is integrated as such before or during the process of modeling. For example, a
participatory model of land use can be used as a bridge between types of knowledge held by
stakeholders in different domains (Fig. 2). If we are building a generalized land use change model we
want to bring together all sorts of information about the drivers of land use, probabilities,
environmental and socio-economic factors that are relevant and integrate this knowledge in a
formalized way, which is our model. However, if our purpose is to understand how land use may
change in a particular case study, location, or problem area, then we may want to focus on case
histories and trends from this particular area, bring in various cultural and traditional models that are
5

relevant, discuss the preferences and biases that are most relevant for this locality and come up with
some scenarios, or models.
The challenge is to try to understand how the two approaches can be united and what synergies exist
between them. Some questions we are trying to explore are:
1. How software tools in
general
and
model
integration
tools
in
particular can be used to
assist
stakeholder
participation and knowledge
integration?
2.
How
stakeholder
knowledge of various levels
of complexity and detail
(ranging from lay person's
opinions to informed expert
opinion) can interact and be
integrated?
Figure 2. A land use model as a tool for sharing knowledge across
3. How software and
domains
modeling tools of various
levels of complexity and user-friendliness can be coupled and used in a stakeholder environment?

4. How to package and present results from integrated modeling efforts in such a way that they are
useful and informative to participants and decision makers?
Basically we are talking about modeling hierarchies and hierarchies in participation. Mainstream,
conventional model integration, which simply couples modules or components, can lead only to
overwhelming complexity. The complexity of components developed in disciplinary research is
determined by the needs of the discipline and the particular studies that are targeted. When coupled
together complexity only grows, but is not justified by the problem and the case study.
At the same time participatory modeling done within the academic and practitioners communities
often occurs on a case-by-case basis and is not formally coordinated across the different sites and case
studies. In such cases, modeling aimed to support a particular scientific process is usually limited to
some very general and simple approaches that address the complexities and characteristics only of the
local contexts. Depending on the scale of the issue being targeted for modeling and the relevant
institutional and private stakeholders, the associated resources, cognitions and motivations (see de
Boer and Bressers 2011) to participate in a participatory modeling exercise can vary tremendously.
Matching these qualitative characteristics to the capacities of the researchers and their team is in itself
an important point of the process, as it may require that the “ideal” PM process must be condensed,
altered or completely set aside in order to ensure the value added to the local stakeholders. While the
researchers may have entered into these kinds of processes before and can imagine the potential value
added for the local community of stakeholders, convincing the community of this is a key stage at the
beginning of the process.
In the Swedish case of WP4, these types of challenges have been seen as a systemic whole
specifically aimed to capture the multi-level, multi-sector and nested characteristic of the governance
of climate change issues in Sweden. There are many facets regarding the processes of participatory
modeling, e.g. in defining the core issues, identifying cross going relations and contexts and – where
seems appropriate – to convert such understandings into formal models. The approach in the Swedish
case has been to explore two main roads to address these challenges: by arranging a series of different
kinds of stakeholder workshops and by developing a set of computational models, partly in
collaboration with stakeholders, as described further in Section 2.1.
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In the Dutch case of WP3, the “starting up” phase of the participatory modeling process was quite
slow and painful and the outcomes were uncertain since this was the first attempt at using the
COLLAGE PGIS with actual stakeholders. In the meantime, following the somewhat successful
results and lessons learned in Dalfsen, WP3 staff have been successful in eliciting a high level of
commitment from a new municipality, Enschede, who feel that they can benefit from entering into a
participatory modeling process with WP3 staff to address current developments in the planning of RE
within the municipality. In this case, the uncertainty that was present in the Dalfsen pilot case was
reduced and it was possible to more clearly discuss how the capacity of WP3 staff would be able to
support the issues being experienced in Enschede. Clearer information could be given about timelines,
expected required resources, etc., that is of great importance to many smaller institutions, such as a
small-medium sized municipality when agreeing to enter into this kind of a process. Further, it can
also be ill advised to introduce sophisticated modeling into the stakeholder process when this brings
the modeling of the system to a higher level of abstraction, not recognized by the local community.
Yet, we can hypothesize that there are certain features of the process that can be shared and that a
generic framework to support participatory modeling can be developed and used. One approach is to
run multiple workshops in a hierarchy of scales to develop a generic integrated framework that will be
flexible to adapt to the specifics of particular applications, yet general enough to compare and learn
from different sites and exercises. This requires a standard set of indicators that should be developed
to conduct, compare and integrate the various participatory efforts.
There are various tools that can and have been used in PM efforts (e.g. proprietary software, such as
Excel, Stella, Simile, ArcGIS etc., or open source modeling software, such as CORMAS, NetLogo,
QGIS, etc. or particular models such as those that we find the COMPLEX repository1). A toolbox can
be assembled containing the most appropriate software tools to provide interoperability between them
as well as link to databases and other existing more complex models. The goal is to make sure that we
cover the different aspects of systems analysis required for participatory studies, and also allow
seamless exchange between the tools and the data sets that can be accessed over the web using work
flows and web processes.
There are tools and standards to integrate software and modeling products. While not perfect they
allow the various pieces of the puzzle to connect (Belete et al., 2016). However, on the use side of
these methods there is a continuum of
interpretations, values and priorities,
which make it difficult to translate the
needs and uses of stakeholders into formal
languages and modeling paradigms. The
hashed area in Fig.3 is where we focus in
this report: how do we formalize the
“soft”, “vague” and “fluid” discussions of
stakeholders into formal models and
methods? In this report we are trying to
benchmark the studies at different sites, at
various levels and for the hierarchy of
scales, from local to regional levels, to
Figure 3. The 'hard' and 'soft' elements of integration
integrate the experience and information
coming from previous work and from all
workpackages.
To provide for some compatibility we will conclude with the guidelines on: 1) selection of
stakeholders and meeting formats; 2) methods of stakeholders data mining and knowledge extraction;
3) participatory methods for workshop facilitation; 4) recording techniques for tracking progress and
formal representation of discussion results; 5) indicators that can cut through application scales and
1

http://owsgip.itc.utwente.nl/projects/complex/index.php/2015-01-29-08-35-56
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locations; 6) standards and protocols to report and archive results, including monitoring and modeling
output.
We start with documenting experiences of the COMPLEX team in a standard format, and then will try
to identify similarities and differences among the multiple workshops at different locations and
problem areas. The big question is whether we can move towards a generic framework of PM, or the
various local stakeholder actions are too different and specific to develop any meaningful general
guidelines.

2. Case Studies and Lessons Learned
We have surveyed the various stakeholder activities in the COMPLEX project keeping in mind the
following list of question.
-

What was the stakeholder event(s) that you have held?

-

What were the goals of the event? What was the agenda?

-

How were the stakeholders chosen? How many participated? Who were they?

-

What models have been involved?

-

How did the stakeholders participate? What was their role? Did they have any say in
developing the model? Did they provide data, information? Could they use the model
themselves? What did you learn to improve your model(s)?

-

What did the stakeholders learn from the model? Did they have their own conceptual (mental)
model(s)? How did they communicate them? Was there an agreement, or was there conflict?

-

Did you achieve your goals at the meeting? Was it a success? What could be done better?

-

What are the lessons learned?

-

What would you recommend for other stakeholder organizers in the future?

2.1

Multi-level stakeholder interactions: the case of the Stockholm-Mälar
region transition to low-carbon society, Sweden (WP4)

WP4 has focused on the overall objective to understand societal transformations towards a carbon
neutral economy by 2050 by investigating a specific regional case, the Stockholm-Mälar region in
Sweden (Fig. 4). In order to do so, various aspects of the general transformation and some selected
aspect have been analyzed through an iterative process and by a combination of approaches (Fig 5). A
sequence of stakeholder interaction events including development of partial models covering specific
transformation aspects was arranged. The specific parts including modeling that reflects different
transformational aspects, but also different geographical levels, include:
-

Economy (regional level)
Land use (county level)
Energy planning (municipal level)
Cognitive aspects (individual level)

In addition to the continuous and frequent stakeholder interactions, as in the example of the Uppsala
Climate Protocol (further described below), several stakeholder workshops were organized in the
Swedish Stockholm-Mälar region. The purpose of these workshops has not primarily been to support
the modeling in WP4, but to provide understanding of the broader mindsets regarding the regional
societal transformation issues. Still, all the stakeholder interactions have contributed, to the modeling
activities.
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.
Figure 4. The Stockholm-Mälar region, Sweden.

Figure 5. The main WP4 activities in the three phases of the project. Delivery and milestones
reports are given in parenthesis in the various boxes.

The following modeling activities were related to the workshops organized:


Economic regional model for the Stockholm-Mälar region.



Climate related modeling for Uppsala municipality. This work was connected to broader
municipality gatherings (within the framework of the Uppsala climate protocol).



Model related to land use phenomena with impact on the bio ecological features in the region.
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Model of individual decision-making ("cognitive features"). (Hassanejjad & Liljenström,
2015ab).



A "gaming" model based on a modified commercially available computer game. (Raghothama
& Meijer, 2015).

Participants at the three workshops included representatives of stakeholders of different types at
different levels, according to Table 1. (Numbers in the boxes correspond to the different workshop
numbers). As seen from the Table, most categories of stakeholder were represented, often with several
participants for each category. For example, National/Public stakeholders included representatives
from the Ministry of Environment, Swedish Environmental Protection Agency (Naturvårdsverket),
the Swedish Transport Administration (Trafikverket); Regional/Public included Mälardalsrådet and
representatives of various county authorities; Local/Public - a considerable number of municipality
representatives; Local/Enterprise included businesses dealing with solar panels, etc.;
Regional/Enterprise included large companies and consultancies; Civil society included transitional
movement, and very large environmental NGO and their regional or local representations. According
to the workshop design a number of the stakeholder representatives (about 1/3) have been invited to
be present at all three workshops, in order to provide a degree of continuity.
Table 1. The representation of various types of stakeholders acting at different levels,
with numbers referring to the workshops conducted. (In all workshops researchers
were involved, either through the core organizer group or as invited scholars).

Level/Type

Public

Enterprise

Civil society

Local

1,2,3

1,2

1,2

Regional

1,2,3

1,2

1,2,3

National

1,2,3

1,2

1,2

International

1

2

2.1.1 Workshop 1
The first workshop was organized in Sigtuna in February 2014, with the topic “Societal
Transformations Facing Climate Change - The Case of Low Carbon Society by 2050 in the
Stockholm-Mälar Region”. The goal of the event was to explore various positions held by
stakeholders in the Stockholm-Mälar Region and their understanding of the paths to a low carbon
society, more specifically, to increase understanding about framing and values held by different
stakeholders, as well as to explore and co-produce new perspectives to inform further research related
to key political issues, policy options available, and barriers and opportunities in a potential transition
to a low carbon society in the region. The participants were chosen to represent a wide array of
different types of stakeholders at different levels and with different backgrounds (see Table 1, and
examples given above). Around 30 persons participated representing many different institutional and
competence backgrounds, including various disciplines of academia.
At this workshop, the task was not to develop or use any (computational) models, but rather to focus
on the diversity of different stakeholder ideas on what matters when addressing the issue of transition
to a low carbon society, and the present use and understanding of modeling in general.
As this workshop was of a “scoping” character, it generated substantiated reflections on key
understandings of the societal processes of different paths towards non-fossil societies by 2050. As its
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main outcome, it provided a very useful understanding about the diversity of positions held - and from
which stakeholders such positions were represented.

Figure 6. Participants engaged in discussions at the first stakeholder workshop at the
Sigtuna Foundation, in February 2014.

The investigation of dominant understandings in the region showed that there are a lot of activities
aimed at reaching a low carbon society. Parallel strains of planning/development approaches seem to
coexist, both more “conventional” lines of thought and policy, as well as “new”, and still only to a
limited degree articulated, and even less manifested perspectives. This can be seen as a
simultaneously ongoing “double-think” i.e. a multi layered framing situation with a plethora of
different thought patterns.
Regarding the first category, the strong focus in the political and planning communities (but also
among industrial actors) on transport and physical mobility was evident, also in combination with
concerns over the locations of workplaces and housing. In the discussions these topics broadened to
the entire energy-climate-water-food nexus. This is closely connected to the spatial bio-geographical
concerns related to climate change impacts on biomass production– but also to matters concerning
carbon sinks and land use competition. Here the concept of ecosystem services was articulated as an
important indicator to include in transition models.
The food issue led to discussions about eating habits and local food production. The connection
between meat consumption and the carbon cycle was explored. In this way the broader concern about
the impact of consumption and consumption patterns in general, was highlighted. This in turn
connected to the topic of “life style”, which was considered to be of increasing importance and which
came back over and over again in different combinations in the context of transformation of society
towards a low carbon goal. In discussions on possible future culturally oriented drivers for change the
topic of “social status” and what it could be in the future was mentioned as a possible and maybe
promising pivotal point to induce transformation by way of novel policies informed by the cultural
perspective.
A final remark was that current policymaking seems mostly to be oriented to handle one thing at a
time – sector divided. A relevant example of this is the emphasis on cost efficiency in climate policy
at national level, which tends to close the door to implementation of a broader “policy for dynamic
change”. This is closely related to the choice of (environmental) indicators. Such indicators used at
the political level are concerned with emissions and environmental states in the current situation i.e. in
relation to the time sequence from the past to the present, but dealing with future goals require
indicators that can cover future emissions.
The importance of placing this and the following workshops within the context of other stakeholder
events in the overall sequence of WP4 activities was clearly demonstrated. (A more thorough
description of the workshop and its outcome is found in the COMPLEX report MS43).
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Figure 7. Verónica Hernández-Jiménez (WP3) explaining a rich picture

2.1.2 Workshop 2
The second workshop, “Stakeholder involvement in gaming and model reflection - on decision support capacities using an experimental framework”, was also held in Sigtuna, in November 2014. The
objective for players in the game was to act as the government of Sweden, and to reduce the CO2
emissions in the Stockholm-Mälar region. The Stockholm-Mälar Region model was based on
commercial software (DEMOCRACY) and was created in a series of preparatory smaller meetings
with regional experts and policy makers. In these meetings, the model, which DEMOCRACY is based
on, was presented, and the participants were asked to reflect on how the model could be adapted to
better reflect the Stockholm Mälar regional context. These changes were incorporated into the model.
This time the goal was to explore the positions held by a specific set of selected professional planners
and decision makers in the region, and to reflect on causalities and how to represent them. The
participants did not bring models of their own, but displayed experience with handling and setting up
of models within their own organizations and activities.
Around 25 persons participated in the workshop representing a diversity of institutional experiences
and competence backgrounds. A general plenum discussion focused on the relationship between
decision making and modeling. More details on this part of Workshop 2 are given in Section 2.1.4.
(See also COMPLEX report of MS44, and the ISAGA conference paper by Raghothama & Meijer
(2015).

Figure 8. Sebastiaan Meijer lecturing about the gaming methodology in Workshop 2
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Figure 9. Workshop participants engaged in the gaming exercise

In addition to the gaming exercises in Workshop 2, ongoing WP4 modeling work (regional economy,
municipality climate planning and cognitive modeling) was presented and discussed. Again, the
central issue was the approach to modeling in relationship to decision-making - rather than the models
themselves.
Conceptual models of various kinds were discussed, concerning for example the relationship between
choice of living places in the region and options for travel from home to work. One of the main
learning outcomes was an understanding on causality and its codification in relation to decisionmaking (e.g. uncertainty, biases, trade-offs etc.). The overall recommendation was the same: it was
felt that this particular event had to be better positioned with the context of other stakeholder activities
of the work package. (For details, see COMPLEX report on MS44).

2.1.3 Workshop 3
A third workshop, on “Paths towards a fossil free society in the Stockholm-Mälar Region”, was
organized in September 2015. The aim was to explore the positions held by a range of stakeholders in
the region and their understanding of the particulars of alternative pathways to a low carbon society,
and how these could be balanced.
The stakeholders were chosen to represent a wide array of different stakeholders at different levels
and with different backgrounds. Around 20 persons participated (see Table 1, and examples given
above).

Figure 10. Workshop 3 participants engaged in discussion
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No particular models were used, but a general set up of dominant factors to be considered was used as
input to the discussions. The choices of factors were based on the accumulated understanding of the
issues based on the continuous interaction with stakeholders throughout the WP4 research process.
Conceptual models of various kinds were exposed in the different discussions originating from the
participants backgrounds and experiences. The learning outcome was a deepened understanding about
which the key alternatives are regarding an appropriate path to a low carbon society. For example it
became quite clear that the regional development in the Stockholm-Mälar setting in a planning
perspective seems to be very dependent not only on the development of the physical infrastructure
(e.g. of the transport system with all its investment, technical and managerial aspects), but also on
how the drivers of the demand of mobility come about in terms of future citizens preferences. The
outcomes will be very different depending on whether they choose to concentrate their living space to
Stockholm and vicinities - or to use a more commuting style of life for parts of a family or with regard
to certain parts of a personal life career (e.g. relationship to study opportunities or connections to
future job markets). This in turn is highly dependent on life style changes and choices. The main
lesson was about the diversity of positions and what it means for the societal choices of decisions, and
how different conditionalities could be regarded.
As an overriding outcome of the reflections around the scenarios the position is that some would be
very much easier to implement than the others. Especially paths under harsh economic conditions may
need stronger efforts and policy interventions in order to reach the goal. However also within these
more problematic scenario conditions, paths may well be found although the time distribution for the
solution activities within the change process might be shifted forward in time, i.e. later arrivals of
solution impacts of sufficient strengths. (More details about this workshop are reported in the
COMPLEX report of MS47).

2.1.4 Two examples related to modeling
Although the stakeholder workshops have had a wider range of tasks than just to connect to the
models there are also specific cases where the formal modeling work has been of high interest (in
addition to the general feedbacks to sets of stakeholder groupings about the modeling activities).
The two examples of close connections between stakeholder involvements and modeling are:
A. The modeling of municipality planning of climate paths (The “Uppsala Climate Protocol”) of
the city of Uppsala
B. The investigation of interactions between decision makers and large-scale decision support
models of cross cutting nature.
A. THE UPPSALA CASE
An intense and fruitful collaboration between WP4 researchers and various types of stakeholders has
been carried out within the so-called Uppsala Climate Protocol (UCP), which has run throughout the
whole period of the COMPLEX project.
With over 200 000 inhabitants, Uppsala is the fourth most populated municipality in Sweden and the
central area is the fourth largest city. The public sector is the largest employer, including two
universities, the municipality and the county council, occupying over 30 000 people. High technology
dominates the industry, primarily within information technology and biomedicine, closely linked to
the research at the universities.
In 2010, the municipality of Uppsala initiated the Uppsala Climate Protocol (UCP) with the purpose
to involve local and regional stakeholders and decision makers in a joint effort to reach the local
energy and climate goals. The 25-30 private and public organizations, including Uppsala´s two
universities, participate in energy and climate efficiency actions that are accessed through
collaboration (http://klimatprotokollet.uppsala.se/). The UCP members commit to systematically
reducing climate impact within its own operations, implementing and declaring climate mitigation
measures, contributing with knowledge and collaborating with other members to reach their own as
14

well as the municipality’s climate targets. Short-term targets for climate impact reduction are set
every three years and the progress is reported at advisory round table meetings that are held at least
once annually with top executives and environmental managers. Cooperative projects take place in
working groups in areas such as solar energy, waste management, sustainable transports,
communication and energy management, which are open also to organizations outside the UCP. The
UCP is managed by a project management group and a group of environmental managers.
The Uppsala roadmap project was initiated in 2013 within the framework of the UCP, aiming to
analyze potential pathways and measures to reach the municipality’s long-term climate objective. It
was funded by the Swedish Energy Agency and COMPLEX. As a central piece of the project, the
Uppsala roadmap model was developed with the intention to provide an overview of the current
energy system and indicate possible trajectories towards the realization of a low-carbon society. The
roadmap contains a number of future scenarios where emissions and energy demand are simulated.
An inclusive process was initiated, bringing together members of the climate protocol and adopting a
‘whole system’ approach, including technical requirements, social learning and adaption, policy and
legislation. The stakeholders involved include universities, the municipality, local energy companies,
politicians, non-profit associations, local residential corporations, academic building corporations and
municipal companies including waste and water management. Workshops were organized to identify
possible measures for local future scenarios, focusing on issues such as electricity generation, smart
grids, bioenergy production and district heating generation. Results from the workshops fed into the
scenario building and modeling of future energy systems, which was performed by the researchers in
the project.

Figure 11. The structure of the Uppsala LEAP model

The Uppsala energy system and GHG-emissions in each scenario were modeled using the Long
Range Energy Alternative Planning system (LEAP). LEAP is an integrated modeling tool for long
term forecasting using an annual time step (www.energycommunity.org). The concept is an end-use
driven scenario analysis with a “business as usual” scenario and one or more alternative scenarios. It
simulates “what if” energy futures along with environmental emissions under a range of user-defined
assumption. On the demand side of the framework, LEAP supports bottom-up accounting and
provides a wide range of accounting methods for modeling energy generation, distribution and
capacity expansion planning on the supply side. All sectors within an economy or energy system can
be included in the model as well as external pollutants. Modeling is based on a comprehensive
accounting of how energy is consumed, converted and produced under assumptions given regarding
energy demand, population, technology etc. (Fig.11)
The project group developing the roadmap and the model included researchers, senior advisers at the
Uppsala municipality, a representative from Vattenfall and a project manager from the Mälardalen
Regional Energy Agency. Throughout the project, many stakeholders from the UCP have been
included in the process of developing scenarios and collecting data. The researchers had a central role
as modelers and data managers, as well as technology experts for certain technologies in the energy
systems. The main researcher has also been deeply involved in project management. Communication
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with various stakeholders has been part of daily work, also between project meetings. A number of
students’ projects have been performed associated with the roadmap project. The collaboration that
preceded the roadmap project was actually initiated as an educational collaboration between the
Swedish University of Agricultural Sciences and Uppsala municipality in 2009. This collaboration
may be viewed as an example of the emerging mission of universities to be co-creators of sustainable
development (Trencher et al, 2014).

Figure 12. Iterative process for scenario development in the Uppsala roadmap project

B. GAMING APPROACHES and STAKEHOLDER RELATIONS TO VARIOUS MODELS
With regard to our second selected case the task was not the same as in the Uppsala case (more
devoted to the direct design of an operational model tool for municipality level use). Here the task
was rather to focus on a general level process to explore HOW decision makers in a practical case
could make use of a very large decision support model with regard to path decisions of overriding
political nature in order to move towards a low carbon society. The target of this study was the
RELATIONSHIP between the decision makers and the model – NOT the eventual potential
upgrading of the large model itself. Thus we used a gaming approach, adapting an off-the-shelf
computer game (DEMOCRACY) and “trimming” it to serve our specific purpose (i.e. Swedish
decision making with regard to tasks related to low carbon societal transitions - especially oriented at
centrally positioned political actors, or actors with tasks across sectors).
The software was adapted by our research task group set up just for this purpose. We arranged a
sequence of small theme-oriented seminars for experts in various fields in order to identify the
required changes in the large DEMOCRACY software package (i.e. to make it more “Swedish” in
relevance and to improve and expand its sectorial coverage to better mirror the climate change issues).
A report on this work has been published as an invited paper to a large international conference on
gaming in Tokyo (Raghothama & Meijer, 2015).
Some of the findings around this experiment with the stakeholder-model interaction (with regard to
our target of non fossil societal path decisions) are:
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•

The interplay with the model world could be used to support reflections about conditions to
political choice (as a follow up in a sequence of successive briefing sessions). Thus it is not
primarily the predictive power (which may be limited under the complicated and unsettled
circumstances at hand) that is at the center for the exercise, but the capacity of the specific
experimental gaming environment to be used as a didactic reflective tool. One example of the
meta-topics that introduced itself for discussion through the process was a debate over “the
nature of political action” (with regard to the non fossil policy issues).

•

The systems aspects were strongly highlighted. This was less due to the specificities of the
large model, but more through the initiation of reflections about the limitations that the model
world exposed, e.g. causality related issues, not least connected to risk assessment and
handling of uncertainties of different kinds. Also the experience of the limitations of the
model to provide a reasonable representation of certain sectorial issues (as the role of
agriculture policy in this context) was also of considerable interest.

•

The use of the software model interaction experiences with regard e.g. to the importance of
time sequencing of policy and in general the role of “timing” in application of policy action
are examples of issues emerging in the discussions. Specifically attention arose towards an
improved understanding of subtle aspects of what could be meant by “political capital”
(which under certain circumstances could be lost very quickly, whereas under other
circumstances such losses could be avoided or limited - or the time development of this
“capital” may be different). This was also a feature that was encoded in the software (with a
limited formal repertoire of expressions). However, the discussion about what was uncovered
in that realm of experience had deeper didactic flavor than what came out of the formalism of
the model itself. The model served as an introducer to the topic and provider of a
“playground” for reflection, but less as a predictive tool.

•

Another realm of experience dealt with how the particular focus on the path to low carbon
society is embedded in a broader political frame (e.g. more general environmental policy
concerns, foreign and national policy general considerations, economic and financial policies
and styles under which these are exercised – and with regard also to an understanding about
which policy features may not be so central or having limited impact under certain conditions
for the low carbon policy arena).

2.1.5 Reflections and lessons learned
WP4 has in its overall work focused on societal transformation, using a Swedish regional level case.
The methodological approach was to participate in and organize a number of stakeholder interactions
and at the same time discuss tailored modeling approaches and develop theme-specific computational
models. Both these tracks - complementing and interacting with each other - have been used to
provide insights in major systemic aspects of pathways to a low carbon society by 2050 across
societal levels and sectors. The interactive research process has been carefully adapted to the ongoing
discussions, concerns and governance in the region - an approach that effectively improves the
commitment and also mandate of stakeholders to be part of any participatory activities. Therefore the
research design has also included continuous participation by the researchers in ongoing policy and
practice processes in the case study area, e.g. Mälardalsrådet annual summit, national policy
discussions on climate change and local engagement platform building. This participation has also
paved the way for easy accessible dissemination channels of COMPLEX research results.
From the start it was clear that there is a broad range of stakeholder positions on the forthcoming
societal transformation process. These differences in the region are characterized by public sector
multi-levelness and sectorial fragmentation along with private and civil society diversity of goals and
ranges of action. This has called for a variety of flexible measures through which - using the two
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investigative tracks - a deeper and more holistic understanding on challenges and options for actions
can emerge. The interplay between the two tracks provided the possibilities to shape such an
understanding. The work in WP4 has thus improved the knowledge of the systemic nature of the
challenges and thus to lay the ground for a design of policy actions and tailored modeling activities.
The WP4 research activities in the Stockholm-Mälar Region has provided a deeper understanding of
the sophisticated governance structure at different levels (national – regional – county – municipality
– individual), including complicating issues as overlaps of power, influence and roles e.g. at the
regional and sub-regional levels. The importance of the value aspects and the political dimension of
the change needed at various levels, are also to be addressed. These understandings are something that
is instrumental to consider in any effort of stakeholder participation aiming for using modeling as
support of decision-making in relation to present day wicked, globalized challenges, such as
transformation to low-carbon society.
To a sum up the work of WP4 has been dealing with integration of knowledge and action preparation
for stakeholder and decision maker communities in this selected test region. In this work we have both
been using specific models of quantitative as well as qualitative kinds. In the interplay with
stakeholders of various kinds there has both been use of their inputs for the upgrading of
understanding as well as providing feedbacks to them as community in different ways. Thus the aim
has not primarily been integration of the partial models themselves in a technical way, but using our
developed array of model understandings in a broad sense to create a pattern for reflection by decision
makers/stakeholders. The participatory modeling has thus emphasized the process in the overall
interplay of knowledge creation, co-production and outreach. In addition to this we use possibilities to
feed the results into the public debate about the WP4 thematic topic. The service of WP4 is thus both
providing a set of computational models, but more importantly to have created a test case for
integrated understanding of these thematic issues - now so highly debated not only in Sweden.

2.2

Realizing climate policy options: participatory modeling of land use and
renewable energy for 2050 (WP3)

WP3 “realizing climate policy actions” explored acceptance, implementation and realization of
climate mitigation (CM) policy options at the scale of the landscape from the perspective of those
stakeholders who are most important for their successful implementation; policy makers, knowledge
gatekeepers and communities. The core of the work related to the integration of non-mathematical
modelling approaches developed for policy research with quantitative decision support tools. This was
successfully accomplished in September 2015 in the form of a new integrated model known as the
Actor, Policy and Land Use Simulation model (APoLUS). APoLUS links the spatially explicit
geographical model of White and collaborators (e.g. White and Englelen 1997, White et al 2000),
with policy implementation theory (e.g. De Boer and Bressers 2011) and sociological approaches (e.g.
McIntyre 2008) aimed at widening participation in environmental decision-making. The APoLUS
model works well at the scale of the country and region, and is highly appropriate for supporting
national and regional land use policy decisions, but is too coarse grained to be really useful at the
local level. For this reason, in 2015, the COLLAGE model was developed and trialled with a range of
local scale actors. COLLAGE is useful both as a stand-alone PGIS tool but also has the potential to
extend the use of the APoLUS model by incorporating perspectives of local actors on modelled RE
deployment. The development of COLLAGE is an additional activity that goes beyond the more
limited scope of the originally planned work and deliverables. Nevertheless, it was carried out within
the existing budget and represents an important “value-added” element of WP3.
A wide range of stakeholders including policy makers at all levels, citizens’ groups, researchers,
energy cooperatives and companies was engaged in two European countries; Spain and the
Netherlands, and, following a stakeholder engagement process which included analysis of the
stakeholder network (sociograms), semi-structured interviews, meetings and analysis of stakeholder
discourse, two regions were decided on for detailed participatory modelling work, 1) Overijssel,
Netherlands; and 2) Navarre, Spain. The detailed justification for these choices can be found in
deliverable 3.1 (Spain case) and deliverable 3.2 (Dutch case). The APoLUS model was first
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developed and trialed by the Spanish team members for the Navarre case study and subsequently
applied to the Dutch case by the Dutch team members. The COLLAGE model was developed by the
Dutch team members for the Overijssel study area, and will be applied to the Spanish in forthcoming
workshops (May 2016).

2.2.1 Participatory modelling in WP3
Because of the substantial challenges faced in integrating theoretical policy frameworks, geographical
computational models and stakeholder knowledge on the one hand, and widely differing scales of
action on the other, participatory modelling was broadly conceived by WP3. The resulting APoLUSCOLLAGE hybrid model incorporates both participatory elements and non-participatory elements.
Some elements of the model are truly integrative and truly participatory, for example the behaviour of
the actors in the CIT system from which the inputs to the quantitative land use model were derived
was defined by workshop participants. Other aspects, such as definition of scenario narratives, were
carried out by researchers on the basis of information provided by stakeholders. Some elements, like
the COLLAGE PGIS system were built by researchers, and subsequently tested and modified in
consultation with stakeholders. Overall, the participatory modelling approach followed resembles the
ComMod approach (e.g. Barreteau et al 2003, Etienne 2013), and, in line with our earlier participatory
modelling experiences (e.g. Hewitt et al 2014) has the following key characteristics:


The modelling is conceived of as a process in which key stakeholders come together to share
knowledge and create new knowledge around an issue of general concern (the problem).
Stakeholders, unlike in our previous work (Hewitt et al 2014), were involved in the problem
definition as well as subsequent modeling steps.



The integrated modelling suite developed is regarded as a policy option generator, or Discussion
Support System, rather than a specific Decision Support System (DSS) or Policy Support System
(POSS). This is because for DSS or POSS to be truly effective, they need to be aligned to the
requirements of specific stakeholders. In our view this invalidates one of the principal tenets of
participatory modelling, that no stakeholder’s knowledge should be prioritised over any other.
The idea of a model as a Decision Support System is particularly dubious, since it tends to focus
the modelling work to the needs of
established official decision makers, a
definition which excludes precisely those
marginalised stakeholders we are at pains to
include to secure genuine participatory
management of the commons (Ostrom 1990).



The participatory modelling process is
viewed as a cycle of alternating actions, with
different stakeholders involved at each phase
(Figure 13). The cycle begins with an
"opening up" or problem framing phase,
passing to a "closing down" or modelling
phase, leading eventually to a "problemsolving" or deployment phase. At each phase
of the cycle the discussion and consultation
Figure 13. Modeling process as a cycle of
process whereby all stakeholders interact with
alternating action
the model is likely to generate new questions
and open new pathways for discussion or investigation. Thus in the last phase of the cycle this
wealth of discursive information is used to define the subsequent phase of "opening up".

2.2.2 Participatory modelling conceptual framework
To implement the participatory modelling framework proposed in the Document of Work
(COMPLEX 2012 p.23), it was necessary to integrate detailed stakeholder information with the
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Contextual Interaction Theory (CIT) Framework of de Boer and Bressers (see Bressers 2004, De Boer
and Bressers 2011 and De Boer 2012). Participatory activities were therefore structured so as to
collect data from stakeholders that responded to the core actor and process variables defined under
CIT (Figure 14).
This step is of crucial importance for the development of an integrated model, since CIT operates as a
mostly qualitative framework to guide interpretative policy process analysis, and cannot be directly
incorporated into a dynamic spatial model to simulate the location of renewable energy installations.

CIT

Spatial
allocation
model
Figure 14. Simple operational structure for building APoLUS
PAR

This step was made possible by adopting the participatory land use modelling approach proposed by
Hewitt et al (2014), in which approaches and tools from Participatory Action Research (PAR)
(following e.g. Chambers 1994, Pretty 1995, Villasante et al. 2000, Castellanet and Jordan 2002,
McIntyre 2008, Hernandez-Jimenez and Winder 2009, Guzman et al 2013) are used to elicit
information about land dynamics from stakeholders. These participatory methodologies allow us to
face situations of policy implementation paralysis, since technological changes and natural resources
management are strongly conditioned by power relationships (Scoones and Thompson 1994). Thus
CIT provided the theoretical information about renewable energy (RE) implementation as a process,
which allowed researchers to understand how the information from stakeholders should be structured.
PAR operated as a toolbox for extracting the information under CIT, and was able to make a bridge to
the spatial allocation model (Fig. 15).
For the bridging activity to work, it was necessary
for the participatory process to address the
requirements of both CIT on the one hand and the
spatial allocation model on the other. Broadly, the
work undertaken for the Spanish case study in
Workshop 1 addressed the overarching concerns of
CIT and worked with stakeholders to understand
R
C
the key challenges involved in the process of
implementation of RE in the case study area, along
Figure 15. Core actor and process variables with the motivation, cognitions and resources of
the principal actors involved, while the second
under CIT: motivation (M), cognitions (C),
resources (R) (the latter two delivering
workshop was directed towards extraction of
capacity and power)
specific information about spatial location, land
use, and RE allocation in the specific case study to
enable the spatial allocation model to be parameterized. Workshop 1 was therefore denominated
“problem framing” and Workshop 2 was denominated “parameterization”. However, there was of
course some overlap between the issues explored in both workshop sessions and the major themes that
dominate the process of implementation of RE in Spain emerged clearly in both. Also, the first
workshop was a necessary precursor to the second, so that the results from neither of the workshops
should be considered in isolation. This sense of continuity and iteration through different participatory
activities is characteristic of the integrated participatory modeling approach proposed by Hewitt et al
(2014). This approach is cyclical, not unidirectional, so the modeling chain's “end state” is nominal
and related to real world considerations like the end of a research project; in fact the process cycle that
such a model represents may not have any meaningful endpoint, just like human-environment
interaction itself, which can come to an end only if either humans or their environment cease to exist.
The APoLUS-COLLAGE model presented here is therefore both a process cycle and at the same time
one element of a larger process cycle (the COMPLEX project) following the fractal structure of
integrative research and its multiple iterative phases of opening-up-closing-down-problem-solving
(Winder 2005, Cartledge et al 2009).

M
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The procedure followed for the Spanish case study can broadly be grouped into four main phases; 1)
Scoping, stakeholder identification and problem framing; 2) Parameterization; 3) Calibration and
model evaluation; 4) APoLUS-COLLAGE Scenario modelling and deployment (jointly with Dutch
case study).
The procedure followed for the Dutch case study can broadly be grouped into four main phases; 1)
Scoping, stakeholder identification and problem framing; 2) Model development; 3) Stakeholder
engagement; 4) APoLUS-COLLAGE Scenario modelling and deployment (jointly with Spanish case
study)
These are described as follows for both case study areas, with reference to Figure 16. More detailed
information on the individual participatory activities can be found in de Boer et al 2014, deliverable
3.4.

2.2.3 Spanish case study
Phase 1: Scoping, stakeholder identification and problem framing
For the Spanish case study, the project’s first activity comprised a national scale appraisal of the RE
implementation process for all Spanish regions. Subsequently 6 Autonomous Communities were
selected for in depth-study involving semi-structured interviews with stakeholders carried out by
telephone. Stakeholders in Renewable Energy (RE) implementation were identified initially through a
brainstorming process, and subsequently classified in terms of 4 very broad sectors (Business,
Education/Research, Civil Society and Public/Administration) using the sociogram technique. On this
basis key actors (e.g. Cooperatives, Environmental groups, Turbine manufactures etc.) were identified
and linked to individuals who were then contacted and invited to participate. Most stakeholders who
agreed to participate were policy makers, activists or researchers. The private sector was also well
represented through Small to Medium Enterprises (SMEs) like Ansolar and Hidrosolar, cooperatives
like Goiener, or foundations dedicated to bridging the public and private sectors like Fundación
Moderna. Though large energy providers like Iberdrola, Endesa and Acciona were contacted, and all
expressed polite interest, none were able to be interviewed or attend the workshops. Following the
initial stakeholder definition exercise developed through the sociogram technique the network was
refined and extended in consultation with existing stakeholders through the snowballing technique
(extended discussion given in Martínez Alonso et al 2013 and Alonso et al 2016). At this stage land
use change associated with Renewable Energy Related Landscape Features (RELF) was also analysed
for all the case study regions. The views expressed in Alonso et al (2016) about the Spanish
renewable energy paralysis were in great part elicited from stakeholders, and formed the backbone of
the narrative that would become the APoLUS model scenario 1 “The big fish run the game”. On the
basis of this information, the autonomous region of Navarre was identified as the detailed case study
region for subsequent phases of work. At this point, a pilot model of land use and renewable energy
allocation was developed for the Navarre case study to better communicate the objectives of the
project to stakeholders (see https://spcomplex.wordpress.com/modelo-piloto/). The final stage of the
Spanish case activities in phase 1 took the form of a workshop (WS1) held in Pampona in March
2013. This workshop had the following objectives; 1) to stakeholders developing a detailed
understanding of the cognitions, motivations and resources of regional level actors in relation with RE
implementation, and; 2) to begin the participatory model development process by soliciting contextual
information and explaining the proposed modelling procedure to stakeholders. In this way, WS1
served as a bridge between the scoping and problem framing phase of the project and the model
building process.
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Figure 16. Work Package 3, APoLUS-COLLAGE participatory modeling process

At this workshop, the following activities were carried out (Figure 17).


Oral presentation of complex project and pilot model. Open question and answer session.



Activity 1. Time line – historical trajectory of renewable energy (RE) development in
Navarre.



Activity 2. Participatory analysis of stakeholders and their relationships (participatory
sociograms).



Activity 3. Definition of RE implementation challenges and actor dynamics.

This workshop provided a firm basis for the APoLUS model development through a series of
activities aimed at defining the contextual boundaries of the problem (problem framing), and the
interaction of the different key stakeholders involved in implementing RE in Navarre. The final
workshop activity effectively marked an end to the scoping phase of the work, by providing real
information for direct input into the APoLUS model. In this activity, stakeholders defined the actors
in terms of motivation, resources, affinity and power. Once the actor dynamics dialog had been
programmed in software (see phase 2), these characteristics and their values, as estimate by
stakeholders during WS1, were entered into the APoLUS model, providing the baseline definition of
actor dynamics for the model, the starting point for the scenario 1, the big fish run the game.
Cognition, the third of the core actor and process variables under CIT was less clearly defined.
However, by assuming the variety of detailed knowledge displayed by workshop participants to be a
general reflection of the level of cognition in the sectors that the participants represented, the
appropriate parameter settings for actor cognition could be estimated (Figure 17).
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Figure 17. Workshop 1: Participatory definition of stakeholders and their relationships for the
Navarre case study area.

At this point, two clear scenario narratives could already be clearly seen (deliverable 3.4). The first,
initially called “renewable traffic lights”, but which would later become “Scenario 1: The big fish run
the game” had already become clear by the end of the interview process prior to WS1. In WS 1, the
wide range of challenges identified by the stakeholders and the solutions they proposed allowed a
second scenario narrative to emerge. This was initially baptized “yes we can (together we are
stronger)” and later became “Scenario 3: Local Action for a world in Crisis”.
Phase 2: Parameterization
In phase 2, the modelling cycle progressed from scoping, stakeholder identification and problem
framing towards model building. At this point, work was begun on software development for the
APoLUS model in R software in parallel with the second stage of stakeholder elicitation through the
second workshop, denominated parameterization (WS2), which was held at the Museum of
Environmental Education, in Pamplona in June 2014. In this workshop, four objectives were
addressed; 1) finding the appropriate land use categories for spatial modeling of renewable energy
implementation; 2) understanding multifunctionality related to land use change and RE installations;
3) geographical location of the key areas of RE development in Navarre; and 4) refining and
extending modelers’ understanding of actor behavior and climate mitigation relating to RE
implementation through role-playing of specific actors. At this workshop, the following activities
were carried out:


Activity 1. Participatory definition of land use categories and their occupation by RE-related
landscape features (RELF)



Activity 2: Participatory cartography of RE installations in Navarre



Activity 3: Role-playing game about the RE implementation process

Activities 1 and 2 were extremely useful for eliciting stakeholder knowledge on the relationship
between land use and renewable energy in Navarre, generating essential data for parameterisation of
the land use model block of the APoLUS model. The role-playing game activity (Activity 3)
generated a substantial amount of information about the positions that might be adopted by the
various actors, which will be extremely useful for simulating different RE implementation situations
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(relative to actor motivation, power and resources) in APoLUS. The detailed information about RE
deployment in the different regions of the study area allowed a third scenario to be developed to
reflect the widespread concern about landscape planning. This became Scenario 2: Regional Green
Consensus. At this point it was now possible to build and calibrate the APoLUS model for the
Navarre case study region.
Phase 3: Calibration and model evaluation
Detailed description of the technical operation of the APoLUS model is provided in Hewitt et al
(2015), deliverable 3.5. The technical calibration stage was carried out by researchers without the
assistance of other stakeholders, who had already provided a large amount of information directly
useable in the model.
The calibrated model has been successfully developed and tested for a range of scenarios (fully
described in Hewitt et al (2015), deliverable 3.5). Version 6 of the APoLUS model was uploaded to
the current software repository at: https://simlander.wordpress.com/apolus/
Version 9 of APoLUS, a completely revised and updated version of the model, was uploaded to the
same site in March 2016. Further versions are anticipated to take into account modifications proposed
by stakeholders and other users be uploaded following the evaluation workshop (St John’s,
Newfoundland, week of May 2nd to May 6th) and joint APoLUS-COLLAGE participatory scenario
modelling workshop planned for late May 2016). The evaluation workshop, at the time of writing is
currently scheduled for early May 2016. To evaluate the APoLUS model, it was considered necessary
to bring in external stakeholders not already engaged by the COMPLEX project, and for this region
the model evaluation workshop has been organised at the Leslie Harris Centre of Regional Policy and
Development, Memorial University of Newfoundland, with the help of Roger White, expert in
Geographical Modelling and Scientific Advisor to the project. The decision to evaluate the model
with a new group of stakeholders was made for four key reasons:
1. Navarre region stakeholders will have a chance to use the model, run scenarios and evaluate
the model in the joint APoLUS-COLLAGE workshop organised subsequently.
2. It was considered important to obtain independent evaluation as well as that of local
stakeholders previously involved – local stakeholders already involved in the process risk
seeing their prejudices confirmed, or may be too close to the project and unable or unwilling
to provide objective criticism.
3. We wished to disseminate the model more widely, in line with the objectives of the
COMPLEX project dissemination strategy.
4. Model evaluation is separate from process evaluation. The former can be usefully undertaken
by any model user, the latter must be undertaken by stakeholders already involved in the
process.
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Figure 18. A: Stakeholders defining actor characteristics in groups during WS1; B:
table showing of actor characteristics as elicited from stakeholders in WS1; C:
APoLUS model input table for actor dynamics block derived from stakeholders’
assessment of actor characteristics. Note that although, in this case, the information
was obtained from stakeholders and then input to the model afterwards, the dialog
is designed to accept direct input from stakeholders.

2.2.4 Dutch case study
Phase 1: Scoping, stakeholder identification and problem framing
In order to determine the appropriate stakeholders and case study areas in the Dutch context of local energy initiatives, a detailed scoping of energy transition policies and initiatives in the Netherlands
and its provinces was carried out from a wide variety of academic and non-academic documentary
sources.
The results of the scoping appraisal suggested that large-scale renewable energy developments of the
kind seen in Spain are unlikely to prosper in the Netherlands. This led the research team to focus their
attention on locally developed CRE projects. The implications of these findings are discussed in detail
in de Boer et al 2015. In the next stage of the project key stakeholders were contacted and a
workshop was organized to introduce the project to them. The identification and initial engagement
activities took place at two levels, national and regional/local scale. At the national scale, researchers
were made aware of a large number of conferences and meetings already organized related to CRE
development in the Netherlands at the national level. In particular, the Dutch social-economic policy
advisory body, the Social Economic Council, has various working groups, one of which is the
Committee on Sustainable Development. The team was able to attend a joint meeting of this
committee able to inform them about the WP and the Complex project in general. This joint meeting
was held on March 15, 2013, in the SER building in The Hague with all stakeholders (knowledge
institutes, environmental NGOs, new local environment NGOs, the associations of Dutch Provinces
and the Dutch Municipalities, renewable energy companies and associations thereof, the Climate
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Association, representatives of Ministries, the Dutch Farmers association). This activity provided a
large amount of information about Dutch national energy policy as it relates to climate change, and
enabled the team to make contact with key stakeholders at the national level.
In order to get access to local initiatives the team used the stakeholder contacts developed at the
national platform as well as the associations of such initiatives that are developing to support these
initiatives, a technique known as “snowballing” also employed in the Spanish case study. In this way
the team became aware of the rapidly expanding “Netwerk Duurzame Dorpen” (Network sustainable
villages – Network DD, website: netwerkduurzamedorpen.nl). Network DD currently includes 66
villages mostly in the Province of Fryslân, but with some others in four other Northern provinces.
Contact was made with Network DD Friday April 26, 2013 a full day Workshop was held at the
headquarters of this organisation, in the Frisian village of Raerd. The workshop was attended by
representatives of the Network DD and two of its working groups (one on energy and one on food),
the new independent Frisian Energy Cooperation EKF, a local initiator, the Province of Fryslân and
the Municipality of South West Fryslân. Information was exchanged regarding the interests of the
various parties to see if a fruitful cooperation could be established. All stakeholders engaged at this
workshop agreed that in principle to support further cooperation between the network and its affiliates
and the Complex project, creating a basis for further stakeholder involvement in the next stages of the
project. Full details of this process are given in de Boer and Bressers 2013.

Phase 2: Model development
The COLLAGE model was developed by Cheryl de Boer and Johannes Flacke in 2015 to respond to
the need to involve local actors in knowledge co-development activities around Renewable Energy
installations in the landscape. COLLAGE is a GIS-based interactive tool that allows stakeholders to
negotiate where to locate an either pre-determined, or agree upon amount and variety of RE within
their municipality. The tool is built upon three components:
1. Mapping component, that enables stakeholders to allocate Renewable Energy-Related landscape
Features (RELFs) within the municipal area;
2. Calculation component, calculating total land consumption, MW production, cost & benefits per
RELF;
3. An output component displaying results for relevant indicators (land consumptions for RE, MW
production, costs and benefits) in bar charts.
The current settings for the interactive mapping component allow allocation of different types of
RELFs within a 50 x 50m grid system simply by selecting a specific type of RELF and allocating
single grid cells. Each RELF is equipped with a number of variables indicating efficiency, investment
costs and 10 year gross income. Wind turbines are allocated within a 400 x 400 m grid system, with 1
grid cell representing one turbine. These categories were chosen based on the local context in Dalfsen.
The associated variables were calculated based on a number of assumed and averaged data.
Stakeholders were advised that the values should be considered as “realistic” but not “real”.
Certain types of RELF are restricted outside of zoned areas, according to Dutch planning regulations.
Urban solar RELF are only applicable in the so-called Binnengebied (inner area), i.e. the built up,
urban area), while rural RELFs are only applicable in the outer, rural area (Buitengebied). The two
major differences between these types of RELF are related to the amount of capacity per square
meter, and the price of energy that can be assumed (Dutch law provides a substantial incentive to
produce urban residential solar energy). Natural areas, e.g. forest, are completely prohibited for all
types of RELF. Installation of new wind turbines is restricted to an area north-west of the urban core,
which was earmarked as a potential wind energy area during a regional planning process.
The calculation component automatically calculates for each type of RELF a number of indicators,
like total energy capacity produced, land area consumed, costs and benefits per RELF, etc. based on
the characteristics of each type. For sessions with expert stakeholders these variables can also be user
defined, i.e. altered during the stakeholder session. The results display section (Figure 19) shows bar
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charts for land consumptions, MW capacity, costs and benefits. Alerts are included for the MW
production chart indicating when a pre-defined goal is reached during a stakeholder session.
The tool is implemented on a large-scale interactive maptable allowing optimal stakeholder
interaction and collaboration. Direct interaction of the stakeholder with the tool takes place in form of
placing of different types of RELFS on the landscape, and – when playing with expert stakeholders –
the adjustments of efficiency and cost factors for various RELF options. Results of the model are a
map of preferred locations of various types of RE. However, the mutual interaction between the
stakeholders while working with the tool is considered an important contribution to the planning
process as it provides insights related to barriers to implementation and new ideas for placement. It
also allows learning to take place amongst the stakeholders as they share local information with each
other and receive direct feedback from the model about the impacts of the different RELFs.

Figure 19. The COLLAGE model interface

Phase 3: Stakeholder engagement
This portion of WP3 developed alongside an active and interesting group of stakeholders in the
municipality in Dalfsen. It was the initial intention of WP3 to work with local stakeholder to
collectively develop a land use model that would support the development of appropriate and
stakeholder supported RE. Following the initial scoping interviews to determine the main dynamics at
play in the area (one of the most RE progressive in the NL), it became clear that this type of
strategic/participatory modeling exercise was perhaps not well aligned with the current context. The
type of qualitative information that we were seeking was not easily expressed in a spatially explicit
manner and the Dutch staff found that since the APoLUS modeling work done by their Spanish
counterparts had been so well developed, that we would concentrate our efforts on devising an
improved way to elicit stakeholder perceptions, motivations and resources in a “spatially explicit”
way that would also be supportive in helping stakeholders to collaboratively define their expectations
and goals related to the trade-offs they experienced between land use quality and renewable energy
development. Further this would allow a more integrated way of transferring data from stakeholder
workshops into the APoLUS model. The final rationale for spending time developing this model was
that the incorporation of a “high-tech” tool was positive for increasing the interest of participation by
our stakeholders.
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As a result, a stakeholder workshop was held in the municipality of Dalfsen to discuss the visions of
local government, citizens and energy-related companies on the operational strategies for the
municipality transition towards a carbon-neutral region. It included an introduction to participatory
modeling, to the first version of an agent based model (ABM) developed to capture households’
choices between energy saving and energy production measures, and an interactive mapping exercise
where participants located different types of renewable energy onto a map of their municipality with
the use of an electronic touch table and PGIS named COLLAGE – Collaborative Location and
Allocation Gaming Environment (See Figure 20).

Figure 20. Stakeholder discussions supported by COLLAGE PGIS

This was done in collaboration with WP5 and WP6 because we felt that we had had interesting
conceptual discussions about how our research could be integrated, and this offered an opportunity to
see how this would occur in practice. The workshop was preceded by a series of face-to-face
interviews that helped mapping the concerns, goals, interests and barriers that Dalfsen stakeholders
were facing in their energy transition ambitions [See Deliverable 3.4 de Boer et al 2015]. This
qualitative information as well as rich GIS datasets and municipality statistics data was taken into
account while setting up the initial conditions for the touch table landscape and software setup. It also
served as the base for the development of the ABM developed by WP5. WP6 presented an interesting
overview of participatory modeling in hopes that this would clarify the connection between the two
activities that we had planned for the remainder of the workshop.

Figure 21. Stakeholders at the participatory workshop in Dalfsen, Netherlands, September 2015
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This workshop set a goal to provide the local stakeholders with an opportunity to understand the
issues and potential strategies associated with their current municipal plan to become a CO2 neutral
municipality by 2025. It was centered around the municipal level decisions affecting land use
(through locating wind, solar or biofuels installations in core areas) as well as around household level
decisions with respect to insulating their home or undertaking solar panel investments. We also
wanted to understand stakeholders opinions about the achievement of their respective goals. For
example, we were interested in what types of renewable energy they found to be compatible with
different land use categories and how they perceived the trade-offs required between the land uses and
renewable energy production to achieve their goals. This is how the COLLAGE model was able to
contribute very successfully to 1) the stakeholders ability to explain their motivations, perceptions and
resources related to very concrete suggestions of land use change and 2) allow researchers to collect
this information in a way that can be directly fed into the APoLUS model.
The agenda was as follows:


Opening presentation on modeling.



Presentation on an Agent-Based Model based on initial responses from the Dalfsen
stakeholders on energy saving versus energy self-production (and filling in of the survey that
elicits some qualitative information on the behavioral rules into the ABM).



A hands-on session (two rounds) where participants were able to discuss and implement
Dalfsen’s renewable energy goals on a map.



Wrap-up of discussion.

The stakeholders were invited based on their involvement in different sustainability initiatives in
Dalfsen, as well as all political representatives at the local level. There were approximately 20
participants. There were representatives from the local initiatives, consultants working on solar farms,
city staff and political members.
Two models have been involved: The agent based model developed by Meron Belay and Tatiana
Filatova from the WP5 team, and the COLLAGE PGIS (interactive land use game) developed by
Cheryl De Boer and Joahnnaes Flacke from the WP3 team.
The stakeholders had already been involved in initial interviews, which provided the basis for the
important variables included in the game and in the ABM. These variables were related to the
conflicts experienced in the implementation/planning of solar and wind within the municipal
boundary. The city staff provided data from their CO2 neutral road map, already implemented
programs and energy and cartographic data. They will be able to use the model themselves once we
make it open source by changing it from Arc-GIS to QGIS and finalize the overall package.

2.2.5 Model integration
Integration within APoLUS
The participatory modelling work achieved the successful integration of the Contextual Interaction
Theory (CIT) of de Boer and Bressers (e.g. 2011) with the land use modelling approaches of White
and colleagues using a toolbox of methods derived from Participatory Action Research (PAR).
APoLUS is the name given to this integrated model.
APoLUS/stakeholder integration
The participatory modelling approach defined by Hewitt et al (2014) was followed for the
development of the APoLUS model as applied to the case study region of Navarre. Navarre
stakeholders provided the following information to the model.
1. Understanding of the historic RE implementation trajectory in the study area to which the
model will be applied
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2. Understanding of the key actors involved in the process and the roles they have played in past
RE implementation
3. Detailed understanding of power, motivations and resources of each key actor related to the
other actors in such a way as to enable each of these variables to be assigned numerical
values.
4. Understanding of the key challenges that need to be overcome to move forward on RE
implementation.
5. Land use classification agreed on by a range of stakeholders with knowledge of RE
implementation in Navarre
6. Detailed understanding of the relationship between existing land uses, according to
stakeholders' own classification, and Renewable Energy-related Landscape Features (RELF).
This information enables land uses to be represented as layered “multifunctional” activity
spaces rather than one dimensional single land uses in which RE installations can only replace
existing uses.
7. Participatory map of RE installations in Navarre, including detailed explanations from
stakeholders concerning the motivation for the location. This result can be compared with a
digital map currently being prepared of RE installations taken from aerial orthophotos.
8. A series of realistic possible role-play situations, with dynamics and details of negotiations
surrounding RE implementation in Navarre.
The APoLUS model as applied to the Navarre case study is an example of a co-developed
participatory model, whose parameters, variables and relationship to real world processes has been
defined by a diverse stakeholder community, of which COMPLEX project researchers are members.
COLLAGE/stakeholder integration
COLLAGE allows knowledge about Renewable Energy installations in a given locality to be codeveloped by stakeholders local to, or knowledgeable about, the chosen locality. The model was used
in the region of Dalfsen, and provided considerable opportunities for learning and knowledge transfer
between researchers and other stakeholders.
In the preparatory phases of the workshop stakeholders,


identified the types of RELF that are important for including in the game.



provided information related to the application of land use plans, zoning laws and how
they affect implementation of Renewable Energy.



Contributed to determining the appropriate scale for incorporation into the COLLAGE
model.

During the workshop stakeholders,


provided and received local and spatially explicit information about the pros and cons of
different RELF types and the trade-offs associated with them.



helped each other learn about the different qualitative perspectives held by their fellow
inhabitants about the implementation of RE.



contributed to a collective product that outlined preferred pathways to achieving the CO2
Neutral goals of the municipality.
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APoLUS/COLLAGE Integration
The APoLUS model works well at the scale of the country and region, and is highly appropriate for
supporting national and regional land use policy decisions, but is too coarse grained to be really useful
at the local level. The COLLAGE model, on the other hand, is explicitly designed to respond to the
needs and interests of local actors, but the information it provides is too detailed to be used directly in
a regional model like APoLUS. At present, the most appropriate way to connect the two models has
not yet been clearly defined, however, the final workshop (May 2016) presents an opportunity to
establish this link. Though there are many possible integration configurations, the following
possibilities seem the most realistic given the time limitations of a typical participatory workshop.
1. COLLAGE-APoLUS. Use COLLAGE to create stakeholder-designed zoning plans which can
then be imported to the zoning block (Z) in APoLUS.
2. COLLAGE-APoLUS.
3. APoLUS-COLLAGE. Overlay APoLUS model outputs onto municipalities layers in
COLLAGE so that stakeholders can visualize the and evaluate the possible impacts of RE
deployment in their own locality.
While the two models can of course be used in isolation, they have been developed together as part of
a participatory scenario modeling process in which local actors interactively explore the consequences
of renewable energy implementation on land use. The approach takes into account the inherent
complexity and non-linearity of the implementation process by using real information from
stakeholders to develop unique scenarios through an interactive role-playing approach. This makes it
possible to integrate diverse types and sources of information, e.g. local knowledge of actor
preferences and resources, geographical and technical characteristics, terrain suitability, land use data
and scenario narratives. The process builds credibility among the stakeholder community and
facilitates co-generation of knowledge and co-design of climate mitigation plans.

Phase 4: APoLUS/COLLAGE Participatory Scenario modeling.
Joint APOLUS-COLLAGE participatory scenario modeling workshop (planned for late May 2016)
Activity 1. Application of the APoLUS model for exploring the spatial allocation of RE in 2050 under
different scenarios.
Activity 2: Hands on spatial allocation game (COLLAGE) for implementing RE to comply with 2050
low-carbon roadmap objectives and local planning constraints.
Activity 3: Stakeholder evaluation of participatory process and co-development of policy briefs.

2.2.6 Reflections and Lessons Learned
APoLUS Model and Spanish participatory modeling process
It can be said that the goals we had were achieved in the sense that we have a much richer
understanding of the process than we had before, and we hope that some of the stakeholders do too.
We have a large amount of information on actor behavior around the RE implementation process,
public policy respect to renewables at various levels and on land use and RE installations. All of this
means that the model is well calibrated against real world situations, and that scenarios should be
highly plausible. We obtained such a large quantity of information that we were able to write a full
length research paper (Alonso et al. 2016) from the results of the telephone interviews and scoping
statement on their own. We are still working on research outputs from the workshops and a
publication on the model itself.
However it is still a bit early to say whether or not the stakeholders themselves considered the process
a success, because the participatory evaluation (scheduled in the May 2016 workshop) may be the
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most informative part of the process. Of course, so far, stakeholders have generally been extremely
positive about our work, but that means nothing in itself since social conventions dictate that you try
not to be too rude to people who ask your opinion and buy you lunch. This is why the participatory
evaluation is so important, since the activities are structured in such a way that people can be as
negative as they like about the value of all this without having to criticize us personally. See
comments on this at the end of this document in the “what would you recommend...” section. We will
consider it a success if at the end of the project some of the municipal governments or representatives
of the regional government ask for the model itself (it is free and open source, but maybe not that easy
for non-specialists to use) or for model outcomes, like zoning plans, indicators, or policy briefs.
Ideally, the work would lead to a contract with the administrations (municipal, regional, national) to
study potential location of RE and to explore pathways around minimizing conflicts related to RE
installations.
The focus of the work changed quite radically since the beginning, because of the unexpected political
changes (see Alonso et al 2016). As a result our work in the end focused more on the whole process
of RE implementation than on specific challenges related to location. We view this as a positive
development. The main goal of the work overall, to link the contextual interaction of actors with
spatially explicit outcomes (e.g. land use pattern), using real stakeholder information, has been well
achieved.
The poor attendance (5 stakeholders) at the second workshop was principally a reflection of the date,
just one week before the most important regional public holidays in the region, the San Fermines,
better known to foreigners as the Pamplona bull run. Stakeholders were impossibly pressured for time
the week before this holiday, which they described as “the end of the world”. Clearly, the research
team chose the date poorly, and will take great pains to make sure that the third workshop is well
attended by choosing the date more carefully.

COLLAGE model and Dutch participatory modeling process
The lessons we learned from this exercise can be summarized as follows:


Stakeholders have various levels of resources that enable them to participate in such a
process; being aware of these capacities and resources at the beginning of the process is
valuable. However, since at the beginning of such a process it is not always clear to the
stakeholders, what value participation can have for them, their desire to make time available
during the process can also change;



Being receptive to the needs of the community is important for having a successful
relationship. This may mean that your initial perspectives on how to support their efforts may
give way to others, but in this case it allowed us to deliver a very successful tool for
increasing stakeholder awareness of RE and Land Use that supports negotiation and planning
processes.



The COLLAGE application was not very stable and reliant on a good Internet connection.
Thus a lesson here is to have as much information accessible as possible off-line;



Other types of renewable energy would be valued by the stakeholder, as well as the option to
have increased energy savings reduce the amount of renewable energy landscape features
(RELF) that would be necessary to include in the future;



CO2 savings need to be translated into a unit that is more tangible for stakeholders, such as
money or energy saved/spent;



Groups of about 5-6 people at the table makes for good discussion when supported with
visualizations such as the GIS map and a touch table land use game;



Take more time for the development of scenarios so that the final models are more
representative of the different mental models of the stakeholders;
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While stakeholders were very environmentally oriented and driven advocates of the energy
transition towards low carbon future at the municipality level, translating these ambitions into
personal actions at a household level was not always transparent. For example at the
household the most important factors to make energy-related decisions appear to be: costs,
comfort and ease of implementation, which can be enhanced if practical information on
products (insulation, PVs) is provided. The reported concerns about CO2 emissions or impact
of peers did not appear important for this group. It opens a path to look at other stimuli for
low carbon transition rather than subsidies or information campaign to increase environmental
awareness, namely local practical guides and local support groups to help spread energyefficient individual choices.

While the ABM sub-session was to primarily elicit the information for further model development
and offered some initial discussion of the scenario providing food for thought, the touch table land use
game was a huge success from the practical point of view. The stakeholders were able to see more
explicitly how much space was required to meet the targets. This enabled them to share their mental
models more clearly in the discussions. For example, there was generally agreement at the end that
there was more land needed for solar than most people had thought before hand and that more efforts
should be taken to reduce energy use, as a way to reduce the impact on the landscape. Due to the way
that wind and solar were formulated in the game (only direct landscape impacts), people seemed to
favor the implementation of wind turbines to solar farms.
We partially achieved our goals. The stakeholders did have a good discussion about the different
ways of achieving the CO2 neutral goals and were able to come to a relatively agreed upon
conclusion. However we had some difficulties with the software, which led to the discussions not
being taped and so much of the recorded conversations were lost. As well, due to the slow Internet
connection and some other technical difficulties, one of the two tables did not function very well.
In future sessions we should take more time to allow the participants to alter the rules of the game at
the beginning and also connect our APoLUS model (see Deliverable 3.5, Hewitt et al. 2015) to the
game so people could see the potential scenarios better. These could as well be made during the
workshop if we had more time.

2.3

National and regional stakeholders on climate related energies: Italian
and Norwegian perspectives (WP2)

A specific action aimed to interact with the identified project stakeholders in Norway and in Italy has
been organized. The action includes the following steps:


Identification of the interaction objectives;



Identification of the main topics for the stakeholders interaction;



Organization of the Workshops;



Summary of the Workshops conclusions;



Identification of pathways for continuing and expanding interaction in the course of and after
the COMPLEX project.

Different workshops were organized independently, but in the same period and with similar structure,
in Norway and in Italy. The objectives of the interaction were as follows:


Consider perspectives of stakeholders on the Climate Related Energies (CRE) development,
energy production and environmental impacts in their regions in the COMPLEX case study
analyses.



Get an overview over "the reality": local needs, relevant policies, current developments and
trends in the regions, models used.
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Identify and characterize conflicts arising from the use of resources for energy production in
the two regions.



Help to bridge the gaps between stakeholders' knowledge and preconceived notions and
scientific, data based information. As a result we expect higher acceptance of the produced
mitigation policies and the transition to a low carbon economy.

2.3.1 Workshops in Norway
For this workshop the following stakeholders were identified:


Statkraft: Hydropower company, some projects on wind power.



NVE: Norwegian Water Resources and Energy Directorate, authority responsible for
administration of energy and water resources in Norway (e.g. licensing processes), under
Ministry of Oil and Energy.



STFK: Sør-Trøndelag Fylkeskommune, administrative body representing one of the counties
of Mid-Norway (Sør-Trøndelag).

 NTFK: Nor-Trøndelag Fylkeskommune, administrative body representing one of the counties
of Mid-Norway (Nord-Trøndelag).
The workshop started with a short overview of the COMPLEX project, of the tasks and objectives of
WP2 – Modeling Climate Related Energies, and followed with an introduction to the Mid-Norway
case study, which focused on hydrological modeling and climate change. Next followed the
description of the production planning and power market model EMPS, and the preliminary results of
modeling.
The group found it very interesting to get an overview of the models applied in the case study and
how they can be used to simulate consequences of new power development, and looked forward to
studying the actual results from the analyses. There was a discussion about whether and how the
models could be used as a support for politicians in decision making related to energy and climate
issues. For instance, the counties work on regional climate and energy plans, and are interested in
using results from such studies as basis for political argumentation in relation to these plans. The
stakeholders have all been involved in different research and development projects in the region with
similar topics, and pointed out potential synergies of cooperation.
There was hardly any discussion of the model itself and most of the attention was spent on the use of
the model and broader issues of energy system, the challenges associated with renewable energy,
small scale production, possible environmental and power generation conflicts, and the advantages of
renewable energy for Mid-Norway.

2.3.2 Workshops in Italy
We identified the following stakeholders:


SEL: Regional Hydropower Company, some projects on PV. The Company is established in
Alto Adige.



EURAC: Private Research Organisation active in the CRE development in Southern
Tyrol/Alto Adige.

The meeting with EURAC was organized on Sept 16 2014, and the meeting with SEL was held on
Sept 23 2014. In both cases, after introduction of the participants, a short overview of the COMPLEX
project as well as tasks and objectives of WP2 was presented. Then, the objectives of the meeting and
the questions for discussion were laid out.
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As in the previous case in Norway the workshops where not really about modeling but rather about
the context (societal, political and technological) in which the models are to be used, and about the
general trends in renewable energy, in this case, in Italy.
A number of challenges where identified in transitions to low-carbon economies, such as connecting
the many small and medium scale PV energy producers to the power grid in the region, recent
changes to the legislation affecting renewable energy production in Italy, conflicts arising in relation
to hydropower and PV, competition of hydropower generation reduction and other sectors such as
irrigation, industrial uses, demands for snow making in the fall season and for tourism in the summer
season, etc. Furthermore, these pressures and the resulting ecological stress on aquatic ecosystems
(“optimal ecological discharge”) must be taken into account.
The discussions further focused on effective integration of hydropower and PV in the study area, but
there was not much reference to modeling.

2.4

EU level stakeholders on economic aspects of energy transitions (WP5)

The meeting was largely organized to explore the interests and opinions at the EU level and to
understand how various economic and coupled climate-economy-energy models could be used and
improved to answer the pressing questions for European policy-making and management.
Representatives of DG Energy, DG Climate Action, DG MOVE and WIFO were expected. The
workshop was organized by TNO as a joint effort of WP5 & 6. This stakeholder consultation
workshop had several goals in mind:
(1) to inform about the toolkit of models and prospects of integrated modelling of energyeconomy-climate systems in the exploration of EU transitions towards low carbon economy.
We presented various economic and interdisciplinary models ranging from the global, to
country, to regional (NUTS2) and to individual household scales (Moghayer et al., 2016);
(2) to get feedbacks and expert opinions of the potential end users and policy makers on the
integrated approach towards energy-economic-climate modeling for climate mitigation policy
analysis;
(3) to discuss potential scenarios of interested to be explored with the integrated modeling suite.
The workshop started with brief reviews of several model types used in COMPLEX: IAM, CGE, SD
and ABM. Particular models under construction in the project were reported, including:


GCAM (open source).



EXIOMOD 2.0.



ABM for household behavioral change in relation to energy.



An SD model reported by a guest participant (Simon Roberts from
Foresight+Research+Innovation, ARUP ltd.).

Unfortunately, several stakeholders had to cancel at short notice. To assure that the process continues
and the attending participants can still express their points of view, the organizers had to come up
with an alternative plan. In particular, the participants were engaged in a type of a role-playing game,
where modelers contributed to the discussion by taking on certain roles that were not represented by
the real stakeholders present in the room. In addition to DG Climate Action, DG Energy, DG Move
(2) and the Dutch Ministry of Infrastructure and Environment, who were acting on their own behalf,
the following roles where played by other participants present: 'Green', 'sustainability concerned',
'middle-income' citizen, 'Business-as-usual', high income, luxury seeking citizen, a citizen on welfare,
retired or unemployed, Poorly educated, 'can't care less', 'paycheck-to-paycheck' citizen,
Representative of a local environmental NGO, Local businessman - clean/renewable energy domain,
Local businesswoman - conventional (fossil fuel) domain, Representative of local government, Stayhome dad of 4 kids; Well educated technocrat, 'optimist', and a truck driver. The discussion of
possible interactions and conceptual models was quite lively but inconclusive. The discussion was
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structured around a set of questions that aimed to elicit drivers, goals, mental maps, barriers, and so on
from respective stakeholders.
Overall the workshop provided little value due to no-show of most of the key expected stakeholders
from EU organizations. Also, while stressing multiscale integration, incorporation of climate
scenarios on the global level and accounting for the macro impacts of behavioral changes on the
micro level, still EU level stakeholders are primarily interested in the EU level models. Thus, a good
lesson to learn was that instead of going into the details of various models operating on various scales,
it is vital to highlight only the issues and collect feedback from a stakeholder at the appropriate scale
of analysis. Besides it was quite clear that various COMPLEX partners had quite different priorities
and interests, promoting their particular areas and models, with too little time to cover all the topics.

3. Discussion and recommendations - towards a generic framework for
participatory modeling
As well known from literature (Arnstein, 1969; Pretty, 1995; Lynam et al., 2007) there may be
various types of stakeholder participation in modeling projects. We can describe this as a continuum
that ranges from stakeholders being involved only as users or providers of information, all the way up
to stakeholders actually developing the model and making decisions based on the model (Fig. 22).
The level of stakeholder participation is certainly defined by the goals of the project, but is also
largely influenced by the priorities, skills and preferences of individual modeling teams and
developers. Are you comfortable talking to people and exposing your internal modeling wirings,
assumptions, possibly bugs and shortcuts? Are you willing to accept criticism for what you have done,
for how you put your model together? Do you expect that stakeholders, perhaps lay people, may have
a valid and useful opinion to take into account? How fast can you accommodate the changes
suggested, if you are ready to make these changes at all? These are the questions that largely define
the willingness of modeling teams to move further to the right along the participation continuum.
There are always certain risks when opening up the model and the modeling process. The rewards
can be substantial by making your models more trusted and used, but the risks are also real and have
to be recognized.

Figure 22. The stakeholder participation continuum.
We recommend that attention should be given to the participatory research techniques themselves, not
just the idea of a “participatory process”. The least effort is implied when the stakeholders are
involved in a largely passive role, by acting as listeners to presentations about the model and perhaps
being engaged in further related discussion about the case study, the topic in general, the challenges
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and possible outcomes. To actually start incorporating stakeholder information in research,
information needs to be properly collected, and attention needs to be given to the way it is collected.
Stakeholder workshops may turn out to be next to useless in this respect when no actual information is
collected from the stakeholders, but everyone seems happy because they have listened to a good talk
and also had an opportunity to talk and express their impressions themselves. Of course these
workshops are valid if the only purpose is dissemination or awareness raising, but that can be a waste
of a good opportunity.
For example, is the opinion of an atmospheric chemist who has documented the effect of CO2 on
climate intrinsically more valid than that of a farmer who has not studied the issue and whose only
information on the topic comes from a sensationalist news channel? Most people would agree that it is.
However, if the same atmospheric scientist is invited to a workshop on agricultural land use,
ostensibly for her knowledge on the carbon storage capacity of cropland, something she in fact knows
very little about, does her information continue to be more valid than that of the same farmer, who
cultivates and sells the crops under discussion? In fact, it is just as absurd to pretend that scientific
information is always more valid than any other class of information as it is to pretend that it can
never be more valid than any other class of information, since the issue depends entirely on the
context. It is not in any sense invalid for stakeholders all to be scientists if the outcome of the modeled
process is scientific. But in the same way, a scientist would not be expected to be invited to a routine
planning meeting unless she has explicitly been defined as a stakeholder on a planning related issue.
Deciding who was actually a stakeholder was found to be extremely challenging in the COMPLEX
project, since the outputs from the different activities and work packages had quite different end-users.
Most of the workshops conducted so far under the COMPLEX umbrella have been largely skewed
toward the left hand side of the continuum (Fig.22), with the Uppsala roadmap project as a notable
exception (see Sec 2.1). However, it also very much depends upon our definition of a model. If we
adhere to the broadest meaning of a model as a simplification and abstraction of reality, then, perhaps,
quite a few conceptual models have been developed with and by the stakeholders. None of them,
however, have been followed up through the quantification process to generate computer simulations.
If we refer back to Fig.3, there still seems to be a large gap in how models progress from qualitative,
conceptual modeling stage to the quantitative, computational model implementation. Stakeholders are
well involved in discussing the concepts behind the model, their mental models are welcome and they
enrich the modelers' interpretation of reality. However, the actual leap from concepts to simulation is
performed behind the scenes, with no or little transparency offered. The model is then brought back
to the stakeholders in a more or less final version, delivered as a given. At this stage only data
solicited from stakeholders (both qualitative and quantitative) matter in the further development and
parameterization of models. In a way, now again the quantitative model becomes conceptualized and
is brought back to stakeholders largely in a qualitative way, perhaps now in turn enriching the mental
models of stakeholders.
Further exploration of this connection between conceptual, mental models and their computer
implementation, followed by the reverse conceptualization of computer models and their
interpretation by the stakeholders bears much promise is subject of on-going research in COMPLEX
(Nazir, Liljenstöm, 2015).
Below we provide some observations and recommendations from the COMPLEX project workshops
described above and from our own personal experience in other projects. Some of these
recommendations can very well apply to stakeholder workshops in general, while some of them are
focused on the actual modeling component.

3.1

Selection of stakeholders and meeting formats


Researchers are stakeholders, not a strange species of superior individuals. This means that
we come with our own priorities, subjective judgments and vested interests. We should not
pretend that our research and models are always objective and value neutral - they are not.
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Acknowledge implicit decisions and assumptions in modeling, document and communicate
them (Voinov et al, 2014);


Organization of a workshop is just one of the many roles that stakeholders can play, and
attending a workshop is just as important as organizing one. It should be very much
appreciated and rewarded by all possible means.



Get opinions about the values of the stakeholders in advance. Do not confuse personal values
and interests with scientific facts. Explain how scientific facts can shape values (Voinov et al,
2014).



Discuss the role of the modelers, researchers and that of the stakeholders to increase the
clarity about process and build buy-in in the process itself. For example what role the
researchers should play in the project (resources, timing, reports, communication, etc.).



Take care of your stakeholders. They are a precious resource that is also limited ("stakeholder
fatigue"). Exposing stakeholders to various modeling efforts and techniques should be done
with care since it has its risks (confusion, overload, loss of focus), but also obvious benefits,
especially if stakeholders are co-learners in your modeling project.

3.2

Methods of stakeholders participation, data mining and knowledge
extraction


We may have very different ideas about what stakeholder participation is about and what
participatory modeling can do for us. Something immediately clear from many of the
workshop reviews reported above, which showed that even within the same team of project
partners the stakeholder workshops took on quite different formats and were pursuing very
different goals in modeling and research.



There has been a proliferation of various clones of stakeholder engagement in modeling, or,
rather, of the use of modeling in support of a decision-making process that involves
stakeholders (Voinov, Bousquet, 2010). In many cases the differences are quite subtle and it
may seem that various agencies or groups come up with a new term to serve as a recognized
trademark for their efforts. In essence they tend to be doing more or less the same things,
though using different terminology, theoretical references and contexts, and setting different
priorities (e.g. the specifics of the Hewitt et al. (2014) approach compared to ComMod or to
the PM process in general).



Workshops are seldom about only one thing. Often, workshops posing as information
elicitation exercises will inevitably also include dissemination, communication and
networking. Our intrusion into the systems for research purposes can also cause them to
change. For example, in social systems, we can trigger change of perceptions and preferences
when asking a certain question during a survey. People may have never thought about a
particular aspect of wind power before getting asked about it. While giving a negative
response in the survey, later on they may start noticing its importance and may end up
appreciating it.



When listening to a presentation about a model, people often tend to think that it is a finished
product. Even when presented as “a pilot model” or as a means of showing what we intended
to do, participants may assume that this is what it will be. This may cause some confusion
since when stakeholders see simulation results in front of them and they may fail to
understand how they could contribute in building something that seemed to them already
complete. Also, the idea that a model is a continuous cyclical process of constant refinement
and re-evaluation is very difficult to communicate. Policy makers and public servants may
expect science to provide clear rational answers and finished products.
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Think about the right balance between choices given as control parameters, and simplicity and
clarity of the model or game. Make clear the connections between supply and demand, and
indirect and direct use of resources (land, energy, materials, etc.).



Beware of social structures and latest political developments. During this project, we
noticed that stakeholders from some countries (e.g. Sweden, Netherlands) seemed to be more
trusting of the governance capabilities of elected politicians and their designated officials than
in others (e.g. Spain). This may relate to different cultural perceptions between nationals of
longer established democracies who have come to believe that they can “trust the system”.
The economic crisis post-2008 may have exacerbated this difference, since wealthier northern
countries with more diverse economies have suffered less than southern austerity-hit
economies. A person who has just lost their house to the bank may be less inclined to trust the
system than one who has not. This may partly explain the difference in perspective between
some Swedish stakeholders, who were reticent to admit that certain environmental issues had
not yet found a practical solution in their country, and Spanish stakeholders, who were keen
to emphasize the opposite.



Beware of cultural norms and differences. This was quite notable between Dutch and
Spanish stakeholders, generally around the issue of land use governance. Dutch governance is
superficially extremely inclusive, but in reality highly centralized. Spanish governance,
meanwhile, is in principal top-down, but in reality highly devolved. This led to some
curiously paradoxical perceptions amongst stakeholders. Generally, Dutch stakeholders
tended to assume that they had more power in the land planning system than in fact was the
case. Spanish stakeholders, on the other hand, tended to assume pessimistically that nothing
they do could make any difference, when in fact there were many opportunities to make a
substantial difference, particularly at local level. Yet despite these differences, in both the
Netherlands and Spain, two clear examples were found of municipalities who had
independently initiated bottom-up actions to green their energy systems and reduce their
climate impacts, the municipalities of Dalfsen, in Overijssel and Noäin, in Navarre.



There may be differences between the teams’ participatory processes due to difference in age,
status and institutional identity. For example, Swedish scientists appeared to have strong links
to key policy makers, which possibly could be perceived as problematic, if there were a
conflict with some communities in society. The Spanish team, perhaps because it contained
no established academics, and represented a small environmental SME rather than a
University, could easily make direct social engagement.

3.3

Participatory methods for workshop facilitation


Sit amongst the group and make it clear that you are one of them, and avoid too much podium
style lecturing if possible. On the other hand, some stakeholders really appreciate a formal
lecture because it adds a bit of gravity and makes them feel like it is worth attending, but the
more time the researcher spends talking, the less time there is for activities.



Try to delegate leadership of activities to the participants. A really good workshop often
requires minimal intervention from the organizers, just occasional clarification or
timekeeping.



Workshop participants often really enjoy using digital technology, smartphones, computers,
tablets and the like, so if the activities can be carried out at least partially on digital media, it
is likely to be an advantage.



We find that it is good to turn up with lots and lots of colorful material, maps, posters,
leaflets, different colored pens, colorful PowerPoint slides etc. Nothing puts a damper on a
workshop more than a bunch of gray people in a room with black-and-white text handouts.
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Be totally transparent about your assumptions and values. Discuss them broad and wide
within the modeling process. Self-criticism comes across well when it is understood as
honesty about limitations. It can be a really helpful way of getting close to the stakeholders. It
is unproductive to try and hide the limitations of a model or a process because it reinforces
mistaken impressions about the perfect, positivist, absolutist nature of science. On the other
hand, it is a good idea to make sure stakeholders understand the work you are doing before
you criticize it yourself. It is a difficult balance to get right: you can win over some skeptical
stakeholders by admitting that our model was not perfect, but you may alienate others who
expected perfection (even if they did not say so).



Never underestimate the language barriers. It is still very much preferred by stakeholders to
use their native language for communication even if English is known as second language. It
may be somewhat naïve to expect stakeholder will want to hold their meetings in English only
to accommodate an international team of scientists and observers.

3.4

Recording techniques for tracking progress and formal representation of
discussion results


Simple meetings or talks can be turned into semi-structured information elicitation exercises.
It’s good to record everything you can in a variety of ways and be prepared to take advantage
of unexpected situations, such as those that come out of questions asked or suggestions being
made by the participants.



Do not write what stakeholders say. Get them to write it down themselves: on a board, on a
post-it note, on a form, whatever. And then get them to stand up and say it. Researchers that
are furiously scribbling the whole time come across like primate specialists observing
chimpanzees, and the more they try to write down, the more information they miss. And of
course getting stakeholders to write is a good way to get information “first hand”.

3.5

Indicators that can cut through application scales and locations


There are several indicators, which may be useful to register and report:
o Intensity and type of stakeholders’ engagement during the workshop. Where on the
participation continuum we are located (Fig.22)?
o What happened before the PM activity and what followed afterwards? What is the
history and what is the future of the project?
o Changes in the mindset of participants while working on the (mental) model of a
process or while discussing scenarios.
o Innovative views and approach to solving the real-world problem; real changes in
policies or implementations of those.
o Actions designed or taken.
o Models built. How were they tested, used, reported or delivered? Who owns and uses
them now?

4. Conclusions
It can be concluded that most activities engaging stakeholders in the COMPLEX project were
successful and creative. The activities in the various work packages provide a wide variety of
approaches with regard to the relation between stakeholder engagement, forms of information and
knowledge transfer, and modeling-stakeholder interactions. These differences depend on the different
tasks that the various WPs are assigned to address, but also the chosen styles of approaches and
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research “tactics”. With regard to the stakeholder presence, it has been mobilized by many of the
involved WPs. The selection of such participants is of quite some importance. In some cases, the
research target has been relatively narrow (e.g. regarding the development of a particular technology),
and in these cases the stakeholder representation has been focused on a limited scope of thematic
experience and expertise. In other cases, when the research target has been broader (e.g. exploring the
transition of a society at various levels) the stakeholder choice has been much broader in thematic
scope, backgrounds and representative level. In many cases, when the aim of the stakeholder
workshops has been to extract key understandings on the societal processes involved, these have been
less oriented towards supporting model construction but rather focused on soliciting information from
stakeholders about their possible preferences, priorities, choices, scenarios, etc. Still, the findings of
such stakeholder workshops can definitely also have provided input to model constructions by the
research groups, by informing on important topics, core variables and reflections on possible
causalities and their contexts.
In some cases, as in the more direct model oriented activities in WP3, a closer coupling between the
stakeholders and the modeling activities has been aimed at, and been at the heart of operations. In
other cases, such as the Uppsala case of WP4, the modelers over time were embedded in the larger
Uppsala Climate Protocol project, involving municipal and regional policy makers, local
organizations and businesses working together for a climate neutral municipality.
With the diversity of goals in such a broad project as COMPLEX, various modelers often have strong
ideas about the format and goals of stakeholder activities that are most suited for their purposes. Thus,
due to the differences in research goals, experience tells that it under these circumstances is quite
difficult to convince participants from different parts of the larger project to follow any predefined
format for the e.g. workshops and meetings that they organize. This might be seen as a problem with
regard to the task of finding more homogenous research processes across the project as a whole. On
the other side it provides a creative plurality of different complementary approaches that is of strong
importance when dealing with such a broad topic as providing means for decision makers to approach
highly complex issues as the task in this case i.e. mobilizing means to develop key understandings on
the societal processes involved in the paths towards non-fossil societies by 2050. The balance between
a more homogenous approach and a process opening up for an experimenting mode of plurality of
experimentation is not self-evident. The COMPLEX project provides a variety of approaches while
still keeping the same core topic at the center, i.e. to find ways to illuminate and provide tools for the
path of the needed transformation of society within the set target of EU climate policy.
Depending on the scalar level in geographic terms that the different work packages have considered,
and their different national embedding, there is always - when considering stakeholders - the issue of
language. In many locally oriented stakeholder involvements, including their relations to modeling
efforts of various kinds, it is very important that the language for the meetings is the local language.
In some cases, and with the involvement of a set of more “professionally” oriented stakeholders (e.g.
members of staffs to national bodies) the use of English could be used, but with some caution. More
often, and with other types of stakeholder groups, the reverse is the case. The reason is that many of
the subtler aspects of development are easier to express in the mother tongue, or even in the home
dialect. It has a profound impact on the processes of stakeholder involvement. In addition, it has to do
with a democratic issue embedded in the stakeholder involvement – as the related competence
provisions cannot be seen as just the enabler of extraction of “formal expert advice”. More often, it is
the knowledge and understanding of a local set of interested individuals that can provide a width to
the process, i.e. concerning what is important, how it is important, and what is the spectrum of
differences of positions in the group. In our set of stakeholder involvements, different approaches to
language have been used. Sometimes a combination of events with English and those in local
language have been used. This is also very important when considering how language to a large extent
is the carrier of the cultural framework within which a certain stakeholder event is set up to explore.
When discussing co-production of knowledge this is very important to consider. The COMPLEX
activities provide several illuminating examples of this matter, which should be of quite some interest
for future operational activities and that may be encouraged by our outcomes.
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Sometimes the efforts to gather an interesting set of stakeholders could be restricted by geographical
distances and thus by travel costs and time constraints. Our project wants to point at the current rapid
advancement of social media as a technical means to find other possible ways of stakeholder
engagement through apps and blogs This can, at least partially - and for certain purposes - replace the
in-person participation in stakeholder meetings (Voinov et al., 2016). However it is yet to be seen how
these distance engagement tools can work for participatory modeling. It also has to be noted that also
the experiences of stakeholder gatherings made by our project have a very important social and
human dimension. Without that aspect many of the workshops we have performed – under varying
conditions and with various goals – have heavily benefited from the social interactions of the persons
involved in the same tasks at the same time in the same locality. But for certain more technical
discussions on already semi-framed issues the use of social media could provide interesting
provisions.
With particular considerations to the interesting empirical findings in WP3 from the cases of Spain
and the Netherland with regard to how the model creation is supported by the stakeholder
involvement, it is interesting to reflect upon the designed circumstances to create an understandable
and fruitful process. These processes are also often development activities in which the iterative
inputs from stakeholders into the model activity are ongoing over quite some time – and involving
distinct feedback elements to stakeholder assemblies as e.g. was done in the WP4 case (the Uppsala
municipality climate strategy case). Also the feedback (Workshop 2) to a broader stakeholder set with
regard to three of the then semi developed models exemplifies similar steps for scrutiny and
comments.
Further, the interplay between a decision-maker and particular model software as a ground for
decision close “learning” is important to consider. In the gaming case of WP4 (WS2) a very large
model mimicking a decision landscape of strategic actions met decision practitioners – and in our case
exploring sequences of decision steps towards a societal change to a non-fossil world. It is highly
relevant to use such interplays between stakeholders and models not just to derive prognostic oriented
results from constantly upgraded models, but also – and deeper – to provide the experience of
understanding better the meta insights about this particular political transformation path related to
climate change. As was mentioned the gaming exercise highlighted issues as reflections e.g. on risk,
uncertainty, path dependence, timing and the role of losing or expanding political capital. This is also
a contribution to the understanding of the many different ways in which the stakeholder – model
reality can be explored. And this in turn has deep consequences for how decision making can and
cannot be pursued as based on such model world explorations.
Naturally, there are very different expectations and ideas about stakeholder involvement that come
from the practitioners of such processes, including those heavily involved in the models themselves
There have been many attempts to capture some of the similarities – and differences - in the
participatory modeling process, but all of them tend to stress that there remains much analysis around
the flexibility in how the process is staged. Following Voinov and Bousquet (2010) we can point at
another version of the generic framework, in which the two big leaps in the process are stressed when
we move from the conceptual, qualitative phase of model development to the quantitative phase of
model formalization and computer runs, especially when followed by yet another switch from
quantitative analysis to e.g. visualizations and qualitative interpretations that are most useful for the
delivery of model results and actual translation into policy and action (Fig. 24).
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Figure24. A generic framework of participatory model development.

This does not mean that in all cases the whole framework has to be applied and implemented. As we
have seen from the examples in this project, it is usually just some parts that are exposed to
stakeholders. We argue that while there are certainly many benefits of staging the full participatory
modeling process, in reality there is often existing restrictions of time, resources and needs that makes
it necessary to limit the approach to a partial implementation. Even then there is a lot that we can
derive from the connection between models and stakeholders in this process. For example, the
demand for crosscutting integration on projects of this scale may not be as strong and dependable as
initially imagined. The research teams, in particular the case study WPs, seemed to find limited value
in a high level of integration, in particular at the cost of time and resources. As a result, they were
operating more separately, and barriers to integration emerged. These barriers are discussed in more
detail in another deliverable, D 6.12.
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