COMPLEX Final Scientific Report, Volume 1
The Quest for a Model-Stakeholder Fusion
Edited by Nick Winder, Hans Liljenström and Roger Seaton
With contributions from the COMPLEX Consortium
http://owsgip.itc.utwente.nl/projects/complex/

COMPLEX (EU Project n°: 308601) is a 48-month project. We began collecting
material for this report in Month 38 and started editing it together in Month 40. This
report is a snapshot of the project taken in its final year. Please check the COMPLEX
website for updates, executive summaries and information about project legacy.

1

Copyright © 2016 the COMPLEX consortium
Published by Sigtunastiftelsen, Sigtuna, Sweden
Human Nature Series
Graphic design: Regina Clevehorn, Sigtunastiftelsen
Printed by Visibia AB, Uppsala 2016
ISBN: 978-91-976048-1-9
www.sigtunastiftelsen.se

2

Foreword
The COMPLEX project is a response to a competitive call for a
team to develop “Advanced Techno-economic Modelling Tools for
Assessing the Costs and Impacts of (climate) Mitigation Policies”.
The call text contained the following:
“Climate-energy-economy models are fundamental tools to evaluate (sic)
mitigation strategies, assessing the costs and inform decision makers …
currently available tools have relevant limitations such as the difficulty
to represent pervasive technological developments, positive feedbacks, the
difficulty to represent non-linearities, thresholds and irreversibility. Research should focus on the development and validation of new models,
new model components or in the improvement/upgrading of existing
models …. The availability of large datasets for model validation
purposes has to be taken into account, and their completeness should be
improved. International collaboration to address the key challenges in
Europe and globally is encouraged. The involvement of relevant stakeholders is highly recommended.”
This text suggests a research focus on innovation, on situations
in which small, weak causes can have unpredictable, large-scale
effects, and on rapid system flips. An integrative approach was
required that would bring natural scientists, human scientists
and external stakeholders together to focus on key challenges in
Europe. Although it was clearly intended that successful projects
would devote substantial resources to developing and modifying
computer models, there was also a theoretical dimension to the
call, which invited applicants to consider the problem of building
and validating models capable of representing technological developments, positive feedback, non-linearity and societal innovation.
Volume I deals primarily with work carried out on our regional
case-studies in Norway, Italy, Sweden, the Netherlands and Spain
and focuses on work with external stakeholders.
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THE CHALLENGE: MODEL-STAKEHOLDER FUSION
The models described in this volume were products of a research initiative intended to attune our modelling efforts so finely to stakeholder
perceptions that the result could reasonably be presented as ‘modelstakeholder fusion’. COMPLEX, we wrote, would not restrict itself
to conventional modelling tools, but would operate in a ‘generalized
socio-environmental model space’ that would include empirical models,
conceptual models, complex computer simulations and data-sets.
Some members of the team, including the co-ordinator, expressed
concerns about this aim at the proposal-writing stage. It was hard
to see how we could characterise a ‘generalised socio-environmental
model-space’ and negotiate a ‘model-stakeholder fusion’ in a context
where conflicts of interest were so extreme and intractable. There was
even some debate about whether to remove these paragraphs.
In the end we decided to retain them for three reasons.
1. The idea of a ‘model-stakeholder fusion’ was clearly consistent with
the call, the text of which ended with the sentence: “The involvement of relevant stakeholders is highly recommended.” As long
as we made it clear that this aspect of the work was a high-risk,
high-gain activity, we would be justified in devoting resources to
the work and might learn something of lasting value. Had we left
these paragraphs out, we would have lost a valuable opportunity to
move beyond the state of art.
2. We could increase the probability of success by not prejudging
the question of what a ‘model-stakeholder fusion’ would look like.
Instead, we would work to achieve the highest possible level of
integration between weaker and stronger stakeholders. If successful, we would write Scientific Report about what model-stakeholder fusion turned out to be; if unsuccessful, the Scientific Report
would contain an honest analysis of how we failed in the hope that
future researchers would be able to learn from our mistakes and do
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better. Sections I and II of this volume contain that report.
3. We had a fall-back plan. The process of writing, negotiating and
executing a successful research project would require us to write a
detailed Description Of Work (DOW). The DOW would, in effect,
be an anticipatory model of the project that reconciled the needs and
perceptions of relatively weak stakeholders (the individual scientists working on the team) to those of a much stronger stakeholder
(DG Research). If we were able to carry this work from inception
through negotiation to final delivery, we would have at least one
successful model-stakeholder fusion to describe. See Section III
This volume contains three substantive sections. Section I is written
to describe the work we did with external stakeholders, the information we gathered and the tools we used. It illustrates both the diversity of the methods we used and the diversity among the stakeholder
communities we encountered and provides an empirical record of that
work. Most of this work was carried out under our regional case-study
workpackages (WP2, WP3 and WP4).
Section II describes the specific lessons we (the COMPLEX team) have
learned from our work with models and stakeholders. Like Section I,
most of Section II is written from a scientist’s perspective and their
purpose is to explain what the researchers involved in this work think
should be the project’s ‘take-home message’. Some of the chapters
present individual viewpoints, while others are co-written by workpackage groups or alliances that formed between workpackages and
between COMPLEX and external stakeholders.
Although this is not the place to write an essay on critical scholarship, it
is important to observe that the variety of perspectives observed among
external stakeholders has an answering echo in the variety of perspectives manifest among team members. There is no ‘one-size-fits-all’ version
of the COMPLEX model-stakeholder fusion, though we have discovered
some powerful heuristics and developed some fine modelling tools.
7

Section III describes the ‘fall-back’ plan mentioned above. It is written
from an applied anthropologist’s perspective and explores a process
the writers call ‘anticipatory modelling’. Section III follows the same
pattern established in the main body of this report, it consists of an
orientation statement that sets the work in context, a report on the
case-study work and a testimony section in which the authors explain
the case-study’s ‘take-home message’.
Volume 2 of our scientific report, which deals with system flips, innovations and metastability, also contains two chapters on working with
external stakeholders and participatory modelling. These chapters,
which were written as a contribution to the ‘integration’ workpackage
(WP6), represent a very different understanding of what the word
‘stakeholder’ means and what, precisely, the role of formal computer
models should be.
Where most of the papers in this section see computer models as
‘discussion-support tools’ that may, or may not be useful in work with
external stakeholders, the chapters in Volume 2 see models as what the
user believes about the system or as a a simplification and abstraction of reality.
There is also a palpable difference between the Volume 2 understanding of what the word ‘stakeholder’ means and the stakeholder concept
used in Volume 1. In Volume 2, a stakeholder is an accredited expert
who can be depended on to provide the modeller with dependable
information.
These differences may seem trivial, but they mark a fault-line within
the COMPLEX team that defeated all efforts to integrate the research
effort. Trans-disciplinary integration is sometimes impossible, even
when relations between the research team and the project’s external
stakeholders are excellent and all researchers are working hard to see
the world from the other’s perspectives.
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SECTION I

REPORTS – Working With Human Stakeholders

C

OMPLEX IS ORGANISED into 7 workpackages (WPs). WP1
is for management and WP7 is for the dissemination and
exploitation of results. WP5 is for model development and most
of its work is described elsewhere. The three WPs with the
strongest links to external stakeholder communities are WP2,
which deals with the effect of climate on yield and intermittency in renewable energy generation in Norway and Italy; WP3,
which works with regional stakeholders in Spain and the Netherlands and WP4, which works in Sweden. Each of these three
WPs has its own chapter in this section.

The stakeholder communities those chapters detail include individual citizens and community groups through NGOs, local
government agencies, technocrats and politicians, and spans
a geographical range from central Scandinavia to the northern Italy. Those stakeholder communities operate on a range
of spatial, temporal and administrative scales. Although many
of these projects were concerned with the plight of non-human
stakeholders, this volume’s focus on modelstakeholder fusion
biases the reports towards human stakeholders.
The case studies span a range from elicitation exercises that use
computer models, games and structured activities to gather
information about stakeholder values and needs, through technical decision-support models written for technocrats and
onward to participatory modelling methods, where external
stakeholders are invited to help build, parameterise or finetune a
model. There are some striking differences of approach between
the work packages and their chapters.
Chapter 1, for example, uses computer software to generate and
9

characterise policy options in the Netherlands and Spain. Chapter
2 has a more extensive focus, using models and meetings to gather
information about stakeholder perspectives. The work in Uppsala,
however, developed a more conventional decision-support model.
Chapter 3 contains a short description of two conventional decision-support exercises with technical stakeholders that elicited the
information needed to build a model that would solve a problem.
The third section of Chapter 3 describes a less successful stakeholder engagement exercise - a meeting arranged in Brussels where
some of our guests cancelled their plans to attend, leaving those
who remained to make the best of things with a roleplaying action.
We present these case-study reports without comment or synthesis
and invite the reader to interpret them in two ways.
They can be interpreted directly, as exercises in integrative research
designed to characterise and describe some realworld system of interest. If you want to know a little about stakeholder perceptions in
the Navarre region of Spain or the Mälar valley in Central Sweden,
there are chapters in this section that may interest you. However
you can also interpret them reflexively, as sources of information
about stakeholder engagement and the quest for a model-stakeholder fusion. These two ‘readings’ of our case-study reports are not
postmodern conceits; the COMPLEX project was designed with
this dual use in mind. We gathered data and sometimes kept film
records that would document both processes.
Section II will return to these case-studies to garner general lessons
about how stakeholder engagement works in practice and what
modelling tools can be developed to facilitate work with external
stakeholder communities. Section III will pass through the cycle
again, this time using the COMPLEX consortium as an experimental microcosm or test-bed for innovation-management methods.
10

1. PARTICIPATORY MODELLING IN SPAIN AND THE NETHERLANDS

Richard Hewitt, Cheryl de Boer and
Verónica Hernández Jiménez
WP3 “realizing climate policy actions” explored acceptance,
implementation and realization of climate mitigation 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 a spatially explicit
geographical model with policy implementation theory and sociological approaches aimed at widening participation in environmental decision-making.
The APoLUS model works well at the scale of the country and
region, and is therefore useful for supporting national and regional land use policy decisions, but it is too coarsegrained 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 also spatially explicit - it simulates the effects of actions located at a particular region of the
landscape. It can either be used as a stand-alone participatory
GIS tool, or as an extension to the APoLUS model, to incorporate
the perspectives of local actors on modelled renewable energy
(RE) deployment.
The development of COLLAGE was not an activity envisaged in
11

the COMPLEX Description of Work, but was carried out within
the existing budget and represents an important “valueadded”
element of WP3.
In this work package, 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. 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 COMPLEX deliverable D3.1 for the
Spanish case, and COMPLEX deliverable D3.2 for the Dutch
case). The APoLUS model was first 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 APoLUS and COLLAGE have not
yet been deployed together as a coupled participatory modelling
suite, though, as we noted above, such a configuration is clearly
possible. This would be a worthwhile avenue to explore in any
future work arising from the project.

Participatory Modelling Conceptual Framework

To implement the participatory modelling framework proposed
in the Description of Work (COMPLEX DOW 2012 p.23), it
was necessary to integrate detailed stakeholder information with
the Contextual Interaction Theory (CIT) Framework described
12

elsewhere (e.g. de Boer and Bressers, 2011). 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 1.1 Simple operational structure for building APoLUS

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 installations. 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 &
Winder 2009, Guzman et al 2013) are used to elicit information
about land use dynamics from stakeholders. These participatory
methodologies, which work explicitly to manage power relationships and break down barriers between antagonised stakeholders, are particularly appropriate for dealing with situations
of policy implementation paralysis, like that observed afflicting
renewable energy de-ployment in several European countries, e.g.
Netherlands, UK, and Spain (e.g. Alonso et al 2016), Thus CIT
provided the theoretical information about implementation as a
13

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. 1.2).

Figure 1.2. Core actor and process variables under CIT: motivation (M), cognitions (C),
resources (R) (the latter two delivering capacity and power)

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 the key challenges involved in the
process of implementation in the case study area, along with
the motivation, cognitions and resources of the principal actors
involved, while the second workshop was directed towards
extraction of specific information about spatial location, land
use, and 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 in Spain emerged clearly in both. Also, the first workshop
14

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 modelling approach proposed by Hewitt et al. (2014). This approach is
cyclical, not unidirectional, so the modelling 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 openingup-closing-down-problem-solving (Winder 2005, Cartledge et
al. 2009).
The procedure followed for the Spanish case study can broadly
be grouped into five main phases; 1) Scoping, stakeholder identification and problem framing; 2) APoLUS model development
3) Parameterization, and model calibration 4) APoLUS model
deployment; 5) APoLUS model evaluation (jointly with Dutch
case study).
The procedure followed for the Dutch case study can broadly
be grouped into five main phases; 1) Scoping, stakeholder identification and problem framing; 2) Stakeholder engagement; 3)
COLLAGE Model development; 4) COLLAGE model deployment; 5) COLLAGE model evaluation (jointly with Spanish case
study). More detailed information on the individual participatory activities can be found in de Boer et al 2014, COMPLEX
deliverable D3.4.
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Spanish Study Phase 1: Scoping

For the Spanish case study, the project’s first activity comprised
a national scale appraisal of the implementation process for all
Spanish regions. Subsequently six Autonomous Communities
were selected for in-depth study involving semi-structured interviews with stakeholders carried out by telephone. Stakeholders in
implementation were identified initially through a brainstorming
process, and subsequently classified in terms of four 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 workshops2. 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 Related Land-scape Features (RELF) was also analysed for
all the case study regions. The views expressed in Alonso et al.
(2016) about the Spanish 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
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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 allocation was developed for the Navarre case study
to better communicate the objectives of the project to stakeholders3. The final stage of the Spanish case activities in phase 1
took the form of a workshop (WS1) held in Pamplona 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
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.
At this workshop, the following activities were carried out (Fig. 1.2).
• Oral presentation of the COMPLEX project and
pilot model. Open question and answer session.
• Activity 1. Time line – historical trajectory of
development in Navarre

•••

In the closing months of the project, a representative from Iberdrola was successfully contacted and interviewed. Information provided by this stakeholder was taken
into account in preparation of the policy briefings (Deliverable D3.7)
2

3

https://spcomplex.wordpress.com/modelo-piloto/
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Figure 1.3. APoLUS-COLLAGE participatory modelling process

• Activity 2. Participatory analysis of stakeholders and
their relationships (participatory sociograms)
• Activity 3. Definition of implementation challenges
and actor dynamics
18

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 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 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 (Fig. 1.4).
At this point, two scenario narratives could already be clearly
seen (COMPLEX deliverable D3.4). 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 WS1,
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”.
19

Figure 1.4. Workshop 1: Participatory definition of stakeholders and their relationships for
the Navarre case study area.
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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 modelling of implementation; 2) understanding multi-functionality related to land
use change and installations; 3) geographical location of the key
areas of development in Navarre; and 4) refining and extending
modellers’ understanding of actor behaviour and climate mitigation relating to implementation through roleplaying of specific
actors. At this workshop, the following activities were carried
out:
• Activity 1. Participatory definition of land use categories and their occupation by related landscape features
(RELF)
• Activity 2: Participatory cartography of installations
in Navarre
• Activity 3: Role-playing game about the implementation process
Activities 1 and 2 were extremely useful for eliciting stakeholder
knowledge on the relationship between land use and in Navarre,
generating essential data for parameterisation of the land use
model block of the APoLUS model. The roleplaying game activity (Activity 3) generated a substantial amount of information
21

about the positions that might be adopted by the various actors,
which will be extremely useful for simulating different implementation situations (relative to actor motivation, power and
resources) in APoLUS. The detailed information about 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 COMPLEX deliverable D3.5. 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. Version 6 of the APoLUS model was
uploaded to the current software repository in September 2015:
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 following the
evaluation workshop (below). To evaluate the APoLUS model,
an evaluation workshop was organised with students at the
University of Twente, Netherlands, in July 2016. The decision to
evaluate the model with a new group of stakeholders was made
for four key reasons:
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1. The workshop, initially scheduled for June 2016, in which
Navarre region stakeholders were to use the model, run scenarios and evaluate the model was cancelled by our stakeholders, since it unfortunately coincided with the launch of a
new regional energy strategy.
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.

Figure 1.5. 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.
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Dutch case study Phase 1: Scoping

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
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, companies and associations
thereof, the Climate Association, representatives of Ministries,
the Dutch Farmers association). This activity provided a large
amount of information about Dutch national energy policy as it
24

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 – NDD, website: netwerkduurzamedorpen.nl). NDD currently includes 66 villages mostly in
the Province of Fryslân, but with some others in four other Northern provinces. Contact was made with NDD 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 NDD 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
25

actors in knowledge co-development activities around installations in the landscape. COLLAGE is a GIS-based interactive
tool that allows stakeholders to negotiate the location, amount
and type of installation to be installed within their municipality.
Under COMPLEX, COLLAGE was used to facilitate these kinds
of negotiations around Renewable Energy Related Landscape
Features (RELFs), but could potentially be adapted for other
types of developments, e.g. urban or commercial developments,
intensive agriculture, infrastructures etc. The tool is built upon
three components:
1. Mapping component, that enables stakeholders to allocate
RELFs within the municipal area;
2. Calculation component, calculating total land consumption,
MW production, cost & benefits per RELF;
3. Output component, displaying results for relevant indicators
(land consumptions for 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 one 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”.
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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 energy
production capacity per square meter (MW/m2), 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 northwest 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 1.6) shows bar charts for land consumptions, MW capacity, costs and benefits. Alerts are included for the MW production chart indicating when a predefined goal is reached during a
stakeholder session.
The tool is implemented on a large-scale interactive map table
allowing optimal stakeholder interaction and collaboration.
Direct interaction of the stakeholder with the tool takes place in
form of placing of different types of RELF 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 RELF.
However, the mutual interaction between the stakeholders while
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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.

28

Figure 1.6. The COLLAGE model interface
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Phase 3: Stakeholder engagement

The scoping phase of the project led the team to an active and
interesting group of stakeholders in the municipality of Dalfsen,
Overijssel (de Boer et al, 2014) It was the initial intention of WP3
to work with local stakeholders to collectively develop a land
use model that would support the development of appropriate
and stakeholder supported renewable energy development in the
territory. Following the initial scoping interviews to determine
the main dynamics at play in the area (one of the most progressive in the NL), it became clear that this type of strategic/participatory modelling exercise was perhaps not well aligned with
the current context. In particular, there was a mismatch between
the type of information the team was receiving from stakeholders, with very detailed references to plans, policies and local
actors’ views on RE development, and the type of information
required by APoLUS, ideally general information on behaviour
of all stakeholders in the wider region, as well as geographical
variables relating to the specific location of existing renewable
energy developments. The team therefore decided to look for
new ways to elicit information about stakeholder perceptions,
motivations and resources around renewable energies in spatially
explicit terms (i.e. explicitly linked to a geographical location
through coordinates or maps).
This new approach was realised through a stakeholder workshop held in the municipality of Dalfsen4. The workshop aimed
to discuss the visions of local government, citizens and energyrelated companies with respect to the operational strategies for
the municipality transition towards a carbonneutral region. The
main activity carried out in the workshop was an interactive
mapping exercise where participants located different types of
onto a map of their municipality with the use of an electronic
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touch table and PGIS named COLLAGE Collaborative Location and Allocation Gaming Environment. COLLAGE aimed to
help stakeholders to collaboratively define their expectations and
goals related to the trade-offs they experienced between land use
quality and development. COLLAGE thus fulfilled a need that
had clearly emerged through our discussions with the stakeholders and at the same time provided a link between the knowledge
held by the community and the spatial information required by
the project team. 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.
The workshop was preceded by a series of face-to-face inter-views
that allowed us to understand better the concerns, goals, interests
and barriers that Dalfsen stakeholders were facing in their energy
transition ambitions This qualitative information, together with
the extensive digital GIS datasets and municipal statistics data,
was used to establish the initial conditions for the touch table
landscape and software setup.
The specific objective of the workshop was to provide the local
stakeholders with an opportunity to understand the issues and
potential strategies associated with their current municipal plan
•••

This workshop was undertaken in collaboration with WP5 and WP6. In WP5,
an agent based model relating to householders’ choices between energy saving and
energy production was under development (Naimir and Filatova 2016), something
that had clear relevance and interest for the Dalfsen stakeholder community. And
WP6 specifically addressed model integration, a key concern in WP3. The workshop
therefore offered an excellent opportunity to put into practice the fruits of the many
interesting discussions held between these three teams on research integration.

4
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to become a CO2 neutral municipality by 2025. 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,
including representatives from the local initiatives, consultants
working on solar farms, city staff and politicians.

Figure 1.7. Stakeholder discussions supported by COLLAGE software
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Figure 1.8. Stakeholders at the participatory workshop in Dalfsen, Netherlands, September 2015

It was centred 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 action they found to be compatible with
different land use categories and how they perceived the tradeoffs required between the land uses and production to achieve
their goals. Stakeholders put their expertise into practice by
working directly with the COLLAGE model. The stakeholders
had already been involved in initial interviews, which provided
the basis for the important variables included in the game. 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. In the main activity of the workshop, stakeholders discussed Dalfsen’s energy goals and then experimented
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with various implementation scenarios directly on the touch
screen. Following the practical sessions, the workshop concluded
with a discussion between all participants. We found that 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 could be directly fed into the APoLUS model.
At present, COLLAGE runs in the proprietary GIS software
ArcGIS. In future, the model will be modified to run on the
free-and-open-source platform QGIS, so that to all stakeholders to use the model themselves QGIS and finalize the overall
package.

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 (e.g. White and Engelen 2000) 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:
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1. Understanding of the historic implementation trajectory
in the study area to which the model will be applied
2. Understanding of the key actors involved in the process
and the roles they have played in past 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 implementation.
5. Land use classification agreed on by a range of stakeholders
with knowledge of 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
installations can only replace existing uses.
7. Participatory map of 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 installations
taken from aerial orthophotos.
8. A series of realistic possible role-play situations, with
dynamics and details of negotiations surrounding
implementation in Navarre.
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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 installations in a given
locality to be co-developed 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 implementa
tion of RE .
• contributed to determining the appropriate scale for
incorporation into the COLLAGE model.
During the workshop stakeholders,
1. provided and received local and spatially explicit information
about the pros and cons of different RELF types and the
tradeoffs associated with them
2. helped each other learn about the different qualitative
36

perspectives held by their fellow inhabitants about the implementation of RE
3. contributed to a collective product that outlined preferred
pathways to achieving the CO2 Neutral goals of the municipality
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. 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 stakeholderdesigned zoning plans which can then be imported to the
zoning block (Z) in APoLUS.
2. COLLAGE-APoLUS. Use COLLAGE as a role-playing game
to determine actor characteristics (motivations, cognition,
resources) etc., respect to different re-newable energy types.
This information can then be entered into the actor dyna
mics block (D)in APoLUS.
3. APoLUS-COLLAGE. Overlay APoLUS model outputs onto
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municipalities layers in COLLAGE so that stakeholders can
visualize and evaluate the possible impacts of 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
modelling process in which local actors interactively explore the
consequences of 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 roleplaying 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 cogeneration of knowledge and co-design of
climate mitigation plans.
Reflections and lessons learned

At the time of writing we still have further stakeholder engagement plans and additional activities and workshops to complete.
We are also optimistic that the work we have done here will have
an extended legacy. These are provisional reflections.
APoLUS and the Spanish process

The participatory modelling work carried out in Spain gave
the team a much richer and deeper understanding of the RE
implementation process than could have been obtained through
non-participatory research activities. The detailed recommendations that have been formulated for the policy briefings are
a direct result (COMPLEX deliverable D3.7). We have a large
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amount of information on actor behaviour around the 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 the three 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 alone.
We are still working on research outputs from the workshops
and a publication on the model itself.
Unfortunately, we were unable to evaluate the success of the
participatory process with the Spanish stakeholders, as planned,
since the workshop which incorporated this activity (scheduled
for June 2016) was cancelled by our stakeholders. In general,
however, stakeholders have generally been extremely positive
about our work, but it’s important to take into account that social
conventions dictate that you try not to be too rude to people who
ask your opinion and buy you lunch. 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 installations, and to explore
ways to minimize conflicts related to their implementation.
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 implementation than on specific challenges
related to location. We view this as a positive development. The
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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 Stakeholders were impossibly pressured for time the
week before this holiday, which they described as “the end of the
world”. This highlights the importance of local knowledge in
any participatory process and the risks inherent in participatory
research. Sometimes it isn’t possible to reconcile all of the different requirements of the stakeholder community.
COLLAGE and the Dutch 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.
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• 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 RE would be valued by the stakeholder, as
well as the option to have increased energy savings reduce the
amount of 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;
• 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 level 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
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local support groups to help spread energyefficient individual
choices.
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 beforehand 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 favour
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 widely agreed
upon conclusion. However we had some difficulties with the
software, which led to the discussions not being recorded and so
much of the conversations that accompanied the allocation activity were lost. In addition, 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 to the game so people could see the
potential scenarios better.
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2. STAKEHOLDER INTERACTIONS IN THE
STOCKHOLM-MÄLAR REGION

Sara Borgström, Ing-Marie Gren, Hans Liljenström,
Sebastiaan Meijer, Cecilia Sundberg and Uno Svedin
The COMPLEX WP4 has been working with understanding
societal transformations towards a carbon neutral economy by
2050, through investigating a specific regional case, the Stockholm-Mälar region in Sweden (See Fig. 2.1). In order to do so,
various aspects of the general transformation and some selected
aspect have been analysed through an iterative process and by a
combination of approaches (Fig. 2.2). The overall approach of this
work package is described in the scoping report, as COMPLEX
deliverable D4.1.
A sequence of stakeholder interaction events including development of partial models covering specific transformation aspects
was arranged. The specific parts including modelling 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 modelling
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work, but to provide understanding of the broader mindsets,
regarding the regional societal transfor-mation issues. Still, all
the stakeholder interactions have contributed to the modelling
activities.

Figure 2.1. The Stockholm-Mälar region, Sweden. (modified after the Swedish
National Atlas)

Figure 2.2. The main WP4 activities in the three phases of the project. Delivery and
milestones reports are given in parenthesis in the various boxes.
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The following modelling activities were related to the workshops organized:
• Economic regional model for the Stockholm-Mälar region
(Gren, 2015; Gren et al., 2015)
• Climate related modelling for Uppsala municipality. This
work was connected to broader municipality gatherings
within the framework of the Uppsala climate protocol. (Sundberg & Byfors, 2015)
• Model related to land use phenomena with impact on the bio
ecological features in the region Hammar et al., 2016)
• Model of individual decision-making – a neurocognitive
approach. (Hassannejad & 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 1, 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 tran47

sitional movement, and a large environmental NGO and their
regional or local representations. According to the workshop
design a number of the stakeholder representatives (about 1/3)
were invited to be present at all three workshops, in order to
provide a degree of continuity.
Table 2.1. 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

Workshop 1

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 “doublethink” i.e.
a multi layered framing situation with a plethora of different
thought patterns.
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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
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closely related to the choice of (environmental) indica-tors. 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).
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
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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 modelling. More information on
this exercise is given in Section II.
In addition to the gaming exercises in Workshop 2, ongoing
WP4 modelling work (regional economy, municipality climate
planning and cognitive modelling) was presented and discussed.
Again, the central issue was the approach to modelling in relationship to decision-making - rather than the models themselves.

Figure 2.3. The gaming exercise of WS2
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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 decision-making (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).
In addition to the gaming exercises in Workshop 2, ongoing
WP4 modelling work (regional economy, municipality climate
planning and cognitive modelling) was presented and discussed.
Again, the central issue was the approach to modelling in relationship to decision-making - rather than the models themselves.

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).
No particular models were used, but a general set up of dominant
factors to be considered was used as input to the discussions. The
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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
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solution impacts of sufficient strengths. (More details about this
workshop are reported in the COMPLEX report of MS47).
Two modelling examples

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 modelling work has been of high interest (in addition to the general feedbacks to sets of stakeholder
groupings about the modelling activities).
The two examples of close connections between stakeholder
involvements and modelling are:
1. The modelling of municipality planning of climate paths
(The “Uppsala Climate Protocol”) of the city of Uppsala
2. The investigation of interactions between decision makers and
large-scale decision support models of cross cutting nature.
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. (Sundberg & Byfors, 2015)
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.
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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 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 en-vironmental managers.
The Uppsala roadmap project was initiated in 2013 within the
framework of the UCP, aiming to analyse 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
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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 modelling of future energy systems, which was performed
by the researchers in the project.

Figure 2.4. The structure of the Uppsala LEAP model

The Uppsala energy system and GHG-emissions in each scenario
were modelled using the Long range Energy Alternative Planning system (LEAP). LEAP is an integrated modelling 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 assump56

tion. On the demand side of the framework, LEAP supports
bottom-up accounting and provides a wide range of accounting
methods for modelling 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. Modelling is based on a comprehensive
accounting of how energy is consumed, converted and produced
under assumptions given regarding energy demand, population,
technology etc. (Fig. 2.4)
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 modellers 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 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).
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Figure 2.5. Iterative scenario development in the Uppsala roadmap project

Gaming approaches
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-theshelf computer game
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(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:
• 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 centre 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
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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 flavour
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).
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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 modelling 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 (Svedin, 2015;
Svedin & Liljenström, 2016).
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 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
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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 modelling 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 (See e.g. COMPLEX deliverable D4.3). These understandings are something that is einstrumental to consider in any
effort of stakeholder participation aiming for using modelling
as support of decision-making in relation to present day wicked,
globalized challenges, such as transformation to low-carbon
society.
To sum up, the work of WP4 has been dealing with integration
of knowledge and action preparation for stakeholder and decision maker communities in the Stockholm-Mälar region. In this
work we have both been using specific models of quantitative,
as well as qualitative kind. 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 broader sense to create a platform for reflection by
decision makers/stakeholders. The participatory modelling 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
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WP4 thematic topic. The service of WP4 has thus been 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.
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3. ENERGY COMPANIES AS KEY STAKEHOLDERS

Jean-Dominque Creutin, Richard Hewitt, Lena Tøft,
Maria-Helena Ramos and Marco Borga
Translating public policy into effective action across society –
which here we call policy implementation - is not at all straightforward, particularly where multiple scales and sectors are
involved. In general, implementation is more likely to be
successful if a wide range of stakeholders, especially those who
are necessary to get the policy working in practice (implementing
actors) are identified and involved at all stages of policy development, provided of course that all parties negotiate in good faith5.
However, stakeholder processes are rarely exactly what they
appear to be, and cannot be expected to disobey general laws of
social interaction just because important issues are at stake. It is
a basic law of human nature that communication lines between
stakeholders will emerge most easily where affinity is strongest,
in other words, people get on better when they find something
in common.
Policy scientists tend to integrate more easily with policy
makers than with engineers or other technical sectors; engineers
meanwhile, may often find it easier to establish a rapport with
researchers in engineering than with researchers in public policy.
•••

Unfortunately, there are many things that can go wrong, as can be demonstrated
by a rapid appraisal of the relevant literature. The involvement of powerful advocacy
groups in policy formulation tends to give rise to policies that support only the interests of those same groups (e.g. VW emissions scandal). Paying excessive respects to
powerful private actors seems to lead to “light touch” regulation or self-regulation,
in which the most powerful stakeholders are happy but nothing is done.

5
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So, although science, policy and implementation may appear,
superficially, to be seamlessly connected, this may turn out to
be an illusion when examined in greater detail. In fact, stakeholders are likely to be predisposed to connect along existing epistemic boundaries, not cut across them. Clearly identifying these
boundaries may prove to be a challenge. Private companies can
be installed in university departments to do private consultancy
work, and leading corporations in many fields have wellfunded
research arms. This may lead, as politicians are inclined to hope,
to a GDP-boosting innovation cascade (the now clichéd knowledge economy), but this is by no means assured, and is certainly
not automatic. Policy makers like to talk to other policy makers
and at a pinch can be persuaded to talk to policy scientists, but
the debate is not usually widened much further to other sectors
or stakeholders. The result is that there is much noise and fuss
around stakeholder engagement, but in practice key stakeholders
are routinely excluded even though their participation may be
mission-critical.
For climate policy, subject of this article, though the stakes
are much higher, the same rules apply. It is now widely recognised that the transition to a low-carbon economy, agreed by
Paris climate conference delegates in 2015 to be necessary to
keep global warming to the safest possible limits, will require
a major societal transformation. Though much work remains to
be done, the scientific foundations are wellestablished, and policy
makers are beginning to set out a framework by which such a
transformation might be achieved. Yet the missing piece of the
implementation puzzle, the implementing actors, and especially
the private sector, has received insufficient attention. Take, for
instance, the move to a low-carbon society, where the development of alternative, renewable sources of energy production is
65

encouraged. Energy companies, widely identified as key actors in
energy transformation (Dinica and Bressers, 2004; Jacobsson and
Bergek, 2004; Wüstenhagen et al., 2007; Strunz, 2014; Alonso
et al., 2016), have been portrayed, sometimes justifiably, as opponents of major changes in energy supply and distribution, at least
as far as it will affect their interests (Jacobsson and Bergek 2004;
Strunz, 2014; Martínez Alonso et al., 2016). Yet the picture is
substantially more complex than this. Energy generation and
supply, though usually dominated by large multinationals, is
not a single homogenous activity. Some powerful actors in the
industry seem to have lobbied successfully for the abandonment
of ambitious renewable energy deployment schemes in some
countries, e.g. in Spain and the UK. Yet the same actors are
promoting alternative schemes that may provide real, if controversial, solutions to the climate change problem (e.g. nuclear
energy), and continue to develop renewables outside of Europe,
where profits are higher. Some companies are very heavily stateowned (e.g. EDF in France), others are entirely private. Though
most are historically large, they vary in scale from global megafirms like BP or Shell to smaller state-run concerns like Statkraft (Norway), or regional providers like EHN (Navarre, Spain).
Finally, the proportion and type of energy on which companies
depend can vary greatly from firm to firm.
To obtain a fuller understanding of the perspectives, key challenges and motivations faced by these important actors in
climate and energy transformation requires a thorough process
of engagement with the companies themselves. COMPLEX, an
EU funded research project involving 17 institutions from 11
nation states provided the necessary opportunity. For four years,
COMPLEX worked to assist the search for pathways to a low
carbon economy, placing particular emphasis on the societal
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transformations that may be necessary to bring this about. The
project deployed teams with widely differing skills to tackle
a range of problems, and discovered that it was relatively easy
for researchers with a background in social investigation to
elicit valuable information on the motivation, knowledge and
resources of some key stakeholders (Hewitt et al, this volume).
However, while detailed fieldwork revealed complex interactions
between public sector actors, civil society groups and scientific
stakeholders, the crucial relationships of private sector actors,
particularly medium-large energy firms, remained frustratingly
blank. At the same time, other teams in the project engaged
in research around modelling climate-related energy sources,
linking production to demand and distribution, and eliciting
the technical challenges of a multifaceted integration problem
(François, B. et al., 2014). These teams had strong existing links
with the private energy sector, some energy companies being
also partners in the COMPLEX project consortium (namely,
EDF and SINTEF), but could not easily undertake detailed
social investigation of these actors without straying outside their
project remit. However, experience was gained, which fed several
reflections and prompted a project-wide review of COMPLEX
partners’ experiences with stakeholders from the energy sector,
the results of which are presented in this chapter.
Stakeholder engagement work with the private energy sector
was principally conducted in France, Norway and Italy, as part
of Work Package 2 (WP2) “Climate Related Energies”. This
WP focused on investigating the influence of climate, weather
and hydrology on the integration of renewables in electricity
systems. It specifically dealt with wind, solar and hydropower
sources. In the following sections, the aims and methods of the
private sector stakeholder engagement process in these countries
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are described, the results of the process are analysed in detail,
and a wider discussion is presented. In the final section of this
chapter, we draw together these experiences to form a series of
recommendations for future engagement of the private sector in
climate and energy policy.

Background

Energy supply and distribution is a difficult and complicated
process, in which economic, climatic, technological and societal
considerations are highly interconnected. The elimination of
fossil fuel use from human society is an urgent priority, but also
one which requires a complete transformation in the way energy
is produced, marketed and distributed. Failure to properly take
into account the perspectives of energy producers, investors and
suppliers can lead to unsuccessful policy implementation and
missed opportunities which may not come around again for
many years. For example, in their study of renewable energy
implementation in three European countries in the years leading
up to the millennium, Dinica & Bressers (2003) highlight a key
problem in the case of the Netherlands:
“By placing almost the entire implementation power on
distribution companies, the government transformed a
segment of the target group – wind energy investors – into
de-facto implementing authorities.....”
Given the urgency and scale of the challenge to be addressed, it
is imperative that these kinds of errors are not repeated. For this
reason, the key challenges faced by the private energy sector are
examined in detail in the next sections.
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The role of the electricity industry

Decarbonisation of the energy sector implies fundamental
changes in the generation and distribution of electricity. This
transition is taking place at different speeds across different EU
member countries but overall aims at “decarbonising” electricity
systems massively introducing intermittent renewable energies.
The word “intermittency” is amply used when talking about
renewable energies, mainly linked to weather variability and,
particularly, for wind- and solar-power generation. It designates
the variability of the power generation according to the natural
fluctuations of the wind- or solar-fields at rather short time scales.
The electricity industry found itself at an important turning
point under the twofold impulse of the EU Directives in 1996
(common rules for the internal market in electricity) and 2009
(the transition toward a large share of renewables in support to a
low carbon society). These two policies assume a series of changes
in power companies that fall approximately into four categories,
as follows:
1. Technical considerations, such as the ability of firms to absorb
available new technologies, to search for existing innovations
and apply them, and to transfer technology within the firm
itself (Gilbert & Cordey-Hayes, 1996). The ability of companies to do this has been shown to vary extremely widely
between firms and even between departments of the same
firm (Trott et al., 1995). The need for new staff specialised
in these new developing areas is an issue today, as well as
the ability of firms to search and recruit adequate human
resources to be able to respond to the current changes.
2. Significant structural considerations, such as the size and the
organisation of the companies. Given the scale of operation,
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companies may have a size adequate for the new challenges,
but sometimes they need to become larger, or break up.
Given the variety of technical issues (multiple possible energy
mix, dissimilarities between regions and countries), companies may take advantage of a centralised or decentralised
business model. They may also have the ability to change
their structure to respond to new challenges and improve
problematic areas, e.g. technology and knowledge transfer, as
seen above.
3. Cultural considerations, since a firm’s culture is an essential
aspect to all of the above mentioned issues, and is probably
one of the most important reasons for differences in receptivity to new ideas and technologies (Trott et al., 1995).
Wüstenhagen et al., (2007), citing Hirsch’s (1989) study of
transformation in the American electricity industry, observed
that a firm’s acceptance of new investment models depends to
a large extent on past behaviour. Firms may become “locked-in” to traditional ways of doing business even when profitable alternatives open up.
4. Market considerations are finally at issue. Markets have not
yet completely adapted to the new investment models. Some
stakeholders consider that market is unsuited to the pace of
electricity industry investments, and there have been calls
for market to be reformed; e.g. EDF has called for the introduction capacity mechanisms to ensure supply, as well as a
European carbon price (WNN 2016), while the Electricity
Industry Union EURELECTRIC proposes the introduction of
a fully integrated European energy market (EURELECTRIC
2016).
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Though this list is by no means exhaustive, it allows a better
appreciation of the potential scale of the transformation required
within energy companies that lies behind a long-term goal to
decarbonize the energy sector. However, no guidelines have been
given as to how these major structural changes should occur,
and one suspects that little consideration has been given to the
issue at the level of policy formulation. These changes are not
always clearly compatible, creating tensions at many levels that
obviously influence the interaction of these companies with the
research and academic world.
Innovation and knowledge transfer

The concept of the “knowledge economy”, much vaunted in
political circles, reflects the stated aim of European institutions and Member states to translate scientific innovations into
directly marketable products. The renewable energy industry
is clearly a successful example of this trend, but it is not clear
whether these changes can be easily “forced” without the appropriate structural changes in the market and the private sector.
However, it’s true to say that knowledge transfer procedures rank
high in the research (and EU and Member states) agenda priorities. One key positive aspect of this tendency is reflected in the
fact that some COMPLEX project scientists had strong relationships with partners in industry, who were effectively embedded
inside universities (see Table 1). However, the focus tends to be
rather strongly orientated towards technological innovation and
delivery of marketable products, rather than the more difficult
and intangible aspects of energy transformation like energy-related societal change. The extent to which ideas, rather than
specific technologies or modelling tools, can be transmitted in
this way is a key focus of this chapter.
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Aims and Methods
Case studies in Italy and Norway

WP2 was oriented around renewable energy, climate variability
and regional actions with case studies in Italy and Norway. The
main characteristics of each region with respect to the aims of
the COMPLEX project were as follows:
In Norway, hydropower needs are complemented by wind
power when tackling energy deficits (Midt-Norge region). Local
value creation and environmental impacts play a crucial role in
the development of renewable energy sources in Mid-Norway.
Public acceptance depends on the motivation for increased
power production in the region. Willingness to agree to/support
projects is higher when regional industry and trade development
is involved and lower when generated power will be exported
from the region. Conclusions from study analyses will differ
strongly dependent on which level (local, regional, national,
European) the considerations are made. Stakeholders expect the
results from research and technical studies to be useful, e.g. as
one source of information that the counties will consider when
making their regional climate and energy plans.
In the case study in Italy, hydropower and photovoltaic
(PV) represent the main renewable energies in the study area
(Southern Tyrol region). The local energy policy package termed
KLIMALAND plays a crucial role in setting the development
of renewable energy sources in the region. PV energy source
mainly depends on small-medium plants installed on roofs and/
or facades. 44% (28%) of the nominal PV power is due to plants
in the range of 20 to 200 kW (200-1000 kW, respectively).
Public acceptance for PV plants is generally high. The main
problems affecting the further development of PV are related to
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the connection of the many small and medium scale PV energy
producers to the power grid in the region. A high density of
power plants in a lowvoltage section of the power grid may result
in power generation exceeding consumption in this section of
the grid on sunny days, leading to high loads of the distribution
grid with opposite power flow than what it was designed for. The
main problems affecting the further development of hydropower
mainly depends on conflicting demands with other water usages
and on environmental constraints. Depending on the technical
and financial structure of the electric market in Italy, the typical
scale at which integration between different energy sources can
be achieved is represented by the Market Zone (for the study
region, this is represented by the North Italy Zone).
Stakeholder engagement

Project partners working in WP2 made considerable efforts to
engage the stakeholder community of the energy sector in the
development of their research. Some private sector stakeholders (SINTEF and EDF) were fully embedded in the project as
consortium partners. In Norway and in Italy, workshops were
organised independently, but in the same period and with similar
structure. In addition, close relationships were developed with
stakeholders that were not partners of the project, like Statkraft
or Sun’R smart energy, either through continuous collaboration
in exchanging points of view or direct involvement in the organized workshops. This gave the WP2 team a distinct advantage
when it came to understanding the perspectives of private sector
stakeholders in the current process of energy transition. Table
1 shows stakeholders engaged by the team in France, Italy and
Norway.
Stakeholders were involved in sharing views, experiences and
73

challenges on dealing with an increasing share of Climate-related
Renewable Energies (CRE) at the regional levels, namely the
wind-, solar- and hydro-power production. The climate variability was the main entry point, but water use was also considered
since hydropower can interact with intermittent wind and solar
power, as well as other water users, through the storage capacity
of its water reservoirs. The overarching objective of the stakeholder engagement process was to generate conversations based
on our research findings in order to enhance our common knowledge and inspire stakeholders to provide input to best practices
on key issues that are affected by interactions between climate
variability and CRE. The specific objectives of the stakeholder
engagement process were as follows:
• To consider perspectives of stakeholders on the CRE development, energy production and environmental impacts in their
regions in the COMPLEX case study analyses.
• To get an overview over "the reality": local needs, relevant
policies, current developments and trends in the regions,
models used. Identify and characterise conflicts arising from
the use of resources for energy production in the two case
study regions.
• To help to bridge the gaps between stakeholders' knowledge
and preconceived notions, and scientific and data-based information. As a result, a higher acceptance of the produced mitigation policies and the transition to a low carbon economy is
expected.
Method

Our method was basically threefold. We involved stakeholders
in the building of the project’s proposal: two partners were from
74

the electricity industry, SINTEF and EDF. We kept a regular
communication with the direct beneficiaries (partners mentioned
above) and other potential users of our research findings: regular
face-to-face meetings to exchange on research findings, organisation of scientific sessions in EU-wide assemblies such as the
European Geosciences Union. We organised regional workshops
at half-way the project, focussing specifically on the case studies
of the project. Two workshops were organized in 2014, one in
each of the two case study regions of our project, namely Northern Italy and Mid-Norway. They gathered public and private
actors involved in CRE development. We involved stakeholders
and potential users in the revision of deliverables, reports and a
policy brief.
For the workshop in Norway, the following stakeholders were
identified:
• Statkraft: Hydropower company, with some projects on wind
power.
• NVE: Norwegian Water Resources and Energy Direc-torate,
authority responsible for the administration of energy and
water resources in Norway (e.g. licensing processes), under
the Ministry of Oil and Energy.
• STFK: Sor-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
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project and of the tasks and objectives of WP2. It followed with
an introduction to the Mid-Norway case study, which focussed
on hydrological modelling and climate change. Then, the
description of the production planning and power market model
EMPS used in WP2 and the preliminary results of modelling
were presented and discussed.
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. They 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. The main focus of the discussions was around the use of the
model. Broader issues of the energy system were also discussed,
including the challenges associated with renewable energy and
small scale production, the possible environmental and power
generation conflicts, and the advantages of renewable energy for
Mid-Norway.
For the workshop in Italy, the following stakeholders were identified:
• SEL: Regional Hydropower Company, with some projects on
PV. The company is established in Alto Adige.
• EURAC: Private Research Organisation, which is active in
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the CRE development in Southern Tyrol/Alto Adige.
The meeting with EURAC was organized on 16 September
2014, and the meeting with SEL was held on 23 September 2014.
As in the previous case in Norway, the workshops were mainly
dedicated to the context (societal, political and technological) in
which models such as KLIMALAND should be used and about
the general trends in renewable energy in Italy.
Results and discussion

The insights about low carbon energy transition obtained from
these stakeholders through the workshop activities are reported
in Borga et al. (2014). The close participation of a number of
key private sector stakeholders to the workshops and the works
of WP2 in general was very important to the project. Nevertheless, what concerns us here is not what the successful interaction tells us about the low carbon energy transition, but what
can be learned from the whole interaction process in respect to
specifically the private sector. Not all stakeholders contacted by
the project were successfully involved (see Table 1). The level of
success in engagement can be approximately defined on a scale of
1 to 8, where 1 reflects no response at all to the team’s enquiries,
and 8 signifies maximum possible involvement or “embeddedness”, in which the relevant stakeholder was actually a project
partner with full confidence of other team members, involved in
key projectrelated tasks.
Motivation

The first aspect we considered when evaluating the different
reasons for stakeholders to want to participate or not was the
motivation they might have to be involved. Key motivations
were found to be as follows:
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• To externalize work or aspects of work that cannot be done
by the company or that needs to be done by an independent
body, for example, validation of methods or results, evaluation of work to satisfy an external body or auditor.
• To share new ideas that are too risky to be explored by the
company at its own expense.
• To learn new ideas and ways of thinking – though this may
be more of by-product than a motivation.
• To meet young scientists that can become future collaborators (recruitment).
These assessments can be supported with some real world
examples from the project case study countries. To take one
example, SEL, a small regional hydropower company based in
Italy, funded a PhD project. Their motivations for doing so were
supported by the fact that they recognized the following:
• Insights from various communities of knowledge are needed
and in-house (inside the electricity companies) competences
are usually not enough.
• The hydropower company realises that there is a gap between
the short term focus they have – which is necessitated by quick
changing regulation and market conditions (for example, the
oil price changes) – and the longer term requirements for
research.
• A PhD project provides opportunities for continuous exchange
between the two communities, industry and research, with
an adjustment between their two contrasting visions.
In a second example from France, a member of the COMPLEX
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team, who had prepared his PhD in a project with EDF, shared
his postdoctoral work between the Norwegian energy research
company SINTEF and two universities (Grenoble and Padova).
EDF and SINTEF are full partners of the research project,
meaning that their research capacity is larger and, thus, their
motivations are quite different – principally, to share and check
risky ideas, to learn more and to meet future collaborators.
The role of boundary agents

Boundary agents can be defined as the key individuals in an
organisation that give the organisation the capability to interact
outside the organisation. Stakeholders are not just “institutions”
(companies, public authorities) as they are typically presented,
but primarily “individuals”. The capacity of an organisation to
reach out to stakeholders in other sectors will necessarily depend
on the number of individuals embedded in the organisation with
existing relationships outside, as well as the freedom to develop
them. Seen in this light, the drive observed in many universities (e.g. in the UK) to maximise economic return by managing
space and resources is so tightly that individuals without established formal links to the university are driven off-campus and
may directly contradict these institutions’ own oft-stated aim
of encouraging crossfertilisation. By the same token, companies
who manage their staff’s time so closely that such collaborations
become uncomfortable or impossible, risk driving new ideas away
and creating a culture of indifference to what goes on outside
the company. Trott et al. (1995) studied technology transfer in
two divisions of ICI Chemicals and Polymers Ltd (solvents and
watercare) and observed key differences in culture and management approaches between the two divisions. In the then recently-established ICI water care division, an organic, entrepreneurial
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atmosphere was promoted in which individuals were encouraged
to engage in non-routine activities, like scanning for transferable
technologies and networking activities. Allowing its staff to act
freely as boundary agents in this way facilitated the new division’s need to innovate and search for new markets.
Stakeholder relationships as social networks

Stakeholder engagement is an activity embedded in social
networks and, as such, social relationships may be much more
important to its success than ideas about the economics of knowledge exchange between companies and universities (Granovetter, 1985). Very often, stakeholders are also colleagues and
friends. Indeed, the most successful participatory processes are
often those where the time is taken to nurture a sense of shared
objectives or accomplishments – the “change of understanding”
key to successful social learning (Reed et al., 2010) is much more
likely to emerge where strong, longestablished, mutual relationships of trust exist within the stakeholder community. In our
case, the WP2 team shared many more attributes with their key
stakeholders than just the “stakeholder engagement” link. For
example, they shared scientific discipline, training background
(many interlocutors may have the same university background
or may be former students) and other types of social links. Close
relationships with stakeholders involving mutual trust and scientific curiosity are essential for surmounting basic obstacles, such
as the strongly different priorities between scientists and their
industry partners. Durable collaboration with WP2 stakeholders
within the COMPLEX project can be linked, in the stakeholders’
own words, to two key aspects:
• Clear understanding by industry stakeholders that researchers
“had no intention to stick to [industry’s] immediate needs”
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and acceptance of the need to look for a compromise.
• The importance of long lasting collaboration (“knowledge
support”), including hiring PhD students to maintain the
link with academy and to capitalize knowledge.
Engagement under changing conditions and priorities

As observed above, researchers and industry stakeholders have
different priorities. But the situation is more complicated because
these priorities respond to different pressures and may change in
different ways. In particular, 1) changes in the energy market,
and 2) the increasing emphasis placed by the EU and national
institutions on the so-called “knowledge economy” are probably
the most important factors affecting the successful collaboration
between research projects and stakeholders in (energy) industry.
The first of these is a major driver of industrial priorities, but
does not affect academic stakeholders. As for the second, the idea
of the “knowledge based economy” has been a strong driver of
major institutional change throughout the EU for over a decade.
Universities and scientific institutes have undergone, and are
still undergoing, major transformations. Private sector stakeholders are of course essential to the success of the process, but the
extent to which they are susceptible to policy makers’ priorities
is highly variable. A public university can be forced to become
more “business friendly”, but industrial partners are less easy for
policy makers to control. On the positive side, “innovation” is
now an explicit common goal for both science and industry. The
difficulty is that there remains a difference in the characteristic
pace/rhythm of the two protagonists. This can introduce major
problems and affect the success of collaborations, e.g. changes
in industrial priorities during a project’ duration. In particular,
engagement in our project was found to be difficult for the
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following key reasons:
• The goals, rhythms and evaluation criteria of research have
ever been different from business ones. The great emphasis
placed on global university academic rankings of world
universities and, ironically, perhaps also the EC political move
toward a knowledge based economy and the creation of the
ERC influences researchers’ priorities. Research excellence
(defined mostly in terms of numerical scoring, rather than
objective assessment of root and branch quality) continues
to be the most important criteria for evaluating university
performance.
• Difficulties of alignment with immediate and direct business/
technical needs. A SME stakeholder has noted, “collaboration
aims should focus on high probability and short- (or medium-,
but not long) term return on investment”, something that
may be at odds with researchers’ exploratory investigative
goals.
• Sometimes changing priorities inside companies make continued collaboration impossible for a company or for individual
members, as in the verbatim example quoted below:
“[Our] resource situation makes it necessary to retreat from
[our] role in the advisory committee of [your] project. We are
involved in many projects and need to prioritize hard. In our
group, we had a meeting and had to take some tough decisions. We are very sorry for this, but hope you understand our
situation. We wish you a successful meeting and good luck
with the project!”
In another case, “changes in policy drove the company to
withdraw from some of the most publically visible aspects of
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their role (they no longer accepted to organize public events),
although they did maintain their role of “operational interlocutor”. It is instructive to quote this interlocutor in full:
“The industry is facing rapidly (and sometimes drastic)
changes in policies and practices, with the growing needs for
CRE integration and the arrival of a competitive market. It
has often translated into internal reconstruction or the reflection on new strategies to adopt, which often leave risky research with potential long-term return in investment with low
priority. This changing context also tends to favour in-house
research from R&D departments at the electricity companies.
The availability of human resources to get involved in out-ofhouse research decreases, as the personnel from the electricity
companies are already highly solicited internally. If research is
not focusing on short- to medium-term return in investment,
and on specific problems of the electricity company (i.e., not
general research), it hardly attracts attention and engagement”.
• The need for companies to assure return on investment of
time in the project, the company must put enough human
effort in the project to control its outcomes. In the words of
an SME stakeholder:
“Generally speaking, there is a difficulty to play with the
generality level of the results: the company does not foresee
the gain it can achieve with research results that are sometimes too general and the reverse”.
• Environmental and jurisdictional considerations act as brakes
to scientific collaboration with the electricity industry: companies may express concerns about sensitivity of data and results
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in regard to environmental (avoid helping environmentalist
lobbies) and jurisdictional (avoid losing control of confidential
issues in relation to security and risk) issues. Power stations
are permanent structures for which public consent is difficult to obtain, which, in many cases, cannot be moved to less
sensitive locations, due to the particular needs for a certain
locally available resource (e.g. water for generation or cooling).
• Structural changes inside firms like privatization may render
the company position less comfortable because of ambiguity
of their role regarding regulation – should they move from
“public agents sharing general concerns about the environmental impact of their activity – kind of country planners”
to “economic actors considering environmental regulation as
mere constraint of their activity”.
Scales of engagement

The question of finding the right scale of action for implementing the diverse strategies necessary to translate the vision of a
low carbon Europe into reality has preoccupied the COMPLEX
team from the beginning of the project. de Boer et al. (2015)
argue that local, decentralised approaches to energy generation
and distribution are key to a successful transition. On the other
hand, for the case of Spain, Alonso et al. (2016) find that the
NUTS2 regions (Autonomous Communities) that have made the
greatest progress in the implementation of renewable energies in
Spain are those where key regional actors in science, industry,
civil society, and administration are most strongly linked. The
lesson to be learned here is that no one scale is necessarily more
or less appropriate than any other, but that structures must be
put in place to allow key actors flexibility to work across scales.
Scale was found to be relevant to the success in companies’ enga84

gement with other actors in the following ways:
• Many national level companies have developed structures
that limit their flexibility to operate at subsidiary scales. This
means that even where policy makers are keen to emphasise
the (renewed) importance of working at the regional level,
regional structures of national companies no longer have much
influence on a company’s technical or financial strategy – in
France, for example, regional branches of national companies
lost influence in the last decades once the main production
and transport means were in place. Thus, although multiple
initiatives related to renewables and “smart demand” were
blooming at regional scales, and triggering new partnerships
with academic stakeholders, the research interlocutors in big
companies are no longer situated at the only right level of
for analysis/knowledge of the problems. For example, in the
French case, boundary agents with key abilities in land planning, very useful for CRE development, as previously demonstrated in the case of hydropower development, are acting at
the regional scale, and not involved in research cooperation
(to our best knowledge). These findings support the call by
de Boer et al. (2015) for additional work to be done to fill in
the significant gaps in regional and local scale planning for
renewable energy.
• The scale of a company’s activity and competence may not be
well aligned with other actors’ scale of operation. Two
examples can be given to support this finding. In Northern
Italy, the need to take into account the broad question of
climate change was ‘imposed’ on the electricity companies in
the frame of the negotiations for the updating of the water
rights (concessioni idriche). The companies are now required to
consider water availability for hydropower over the next three
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decades under climate change (impacts on glaciers, for
instance). But although these companies have effectively
succeeded in “maximizing the utility of climate information
in their decision process” (Brown C. et al., 2012), there is still
a long way to go in terms of maximizing the small scale
variability in their decision making, including interacting
with different sources of CRE, with different actors (users)
and different policies.
• Hydropower companies, as the “oldest” producers of renewable
energy, have traditionally divided their policy and decision
making framework into two: management of resources at
short scale (several days and catchment scale) and planning
of their resources at large scales (season or years and regional
scales). The first was taken care by the “operational forecasting centres” and had no “decision” power, while the second
was taken by the “optimization and R&D” departments, with
more influence on decisions and policy. Intermittency and
variability link these two in a way and demand an internal
re-organization, which is not straightforward to main companies. It is unclear how to engage with research partners from
outside – who do not view the “energy business” structured in
such way – in such a context.
• Many electricity companies are still focussed around technical
optimisation of production (especially with the issue of intermittency in CRE), and less concerned with “social optimisation”, or ensuring the compatibility of energy uses with other
environment or water uses within a catchment or a region.
In this sense, there is still an issue of poor receptiveness to
the idea of stakeholder engagement, and an unwillingness to
seriously involve local communities (sometimes accompanied
by a view that these things are too important to allow them
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to be subject to the whims of the locals). This can lead to
serious conflicts (e.g. see Ferrario & Castiglioni, 2015), antagonising local populations and making clean energy development harder to implement elsewhere. The idea of hindering
important progress has become common currency nearly
everywhere. Unfortunately, in many cases a negative label
such NIMBY (Not In My Back Yard)as is applied as a convenient excuse for what are often actually poorly designed policies executed without adequate public consultation (Wolsink,
2000).
Co-operation and competition

Research in CRE is currently challenged to go beyond the study
of the impacts of intermittent climate variables on CRE production, and integrate climate variability at different scales in a CRE
mixed generation. Knowledge here goes far beyond the understanding of natural processes at local scales, and involves the integration of a variety of disciplines for system understanding and
modelling power systems at regional, national and continental
scales. Insights from various communities of knowledge are
needed and in-house (inside the electricity companies) competences may be not enough. Opening and sharing questionings
on paths for innovation (and effective solutions) is however sometimes incompatible with the current competitiveness context
between companies. When collaboration exists, it is carefully
monitored and controlled: data is confidential, points of view are
self-censored, and current and projected constraints to the evolution of CRE-based power systems are not open access information. Particular areas of tension that may reduce the effectiveness
of crosssector cooperation can be identified:
• Tensions between established companies that invested in
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standard production means, new companies developing
renewable production, transporters trying to take the best of
the transition to take the control of production and storage
means (see for instance the tensions between “lobbies” with
the open conflict between Eurelectric, the union of electricity
industry, and ENTSOE, the association of European transporters, about the “property” of pumped storage means).
• Tensions inside companies that up to recently were handling
production, transport and storage and within which, now,
general balance is questioned.
These tensions exacerbate screening effects, personal confusion
of interlocutors regarding the level at which to tackle problems,
and certainly make it more difficult to engage stakeholders in
a research project,). The key difficulties relate to economic and
technological competition. The following key examples emerged
from our research and fall approximately into two broad categories; 1) competition between companies; 2) competition between
services.
1) Competition between companies:
• Tension between transporters (helped by public support to
develop grids) and small producers needing fair access conditions to grids triggers “indirect interest” in research about grid
access that these small companies does not want to pay for.
• Difficulty to choose interlocutors between national and regional companies.
• Companies avoid redirecting ideas to other firms that have
greater need by, for instance, sharing a research topic between
two companies.
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2) Competition between services:
• Big companies are organized with many barriers between
trades (hydroelectricity, other renewables, transport, economy),
between R&D and more operational departments, between
national and regional technical departments inside the same
company. Competition triggers screening effects leading to
having to deal with the wrong stakeholder.
• Also present among services: R&D departments try to keep
exclusivity of academic contacts, screening both their own
“trade departments” and territorial departments/services.
Conclusions and recommendations

Stakeholder engagement is essential to a successful transition to a
low-carbon society. Insufficient attention has been paid to involvement of the private sector, especially large energy companies.
The presence of large energy companies like EDF and SINTEF
as embedded project partners, and the long trajectory of involvement by the project team partners in France, Norway, and Italy
in cross-sector research collaboration around CREs provided an
opportunity to examine the nature of the relationship between
science and the private sector in this field.
Though practice partners were involved constructively and
successfully as stakeholders throughout the duration of the
COMPLEX project, the process was neither smooth nor easy. As
Table 1 shows, many more potential stakeholders were contacted
than the number that finally accepted to become involved in the
project. Some stakeholders withdrew their participation halfway
through, others, changed their role from a visible partnership to
a more discrete advisory role.
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We conclude that stakeholder engagement is not an easy task
in the energy sector in transition. However, the situation has
improved since the start of the COMPLEX project.
Some stakeholders were already collaborators of the scientists
involved in the project, and were involved in drafting the project
proposal. To widen the involvement, two main approaches were
employed, workshops (described in section 3) and report reviews asking stakeholders to review the work undertaken by the project.
Some stakeholders also attended COMPLEX project meetings.
The workshops (1 in Norway, 2 in Italy) were successful and
provided useful insights about achieving the transition to clean
energy (Borga et al., 2014) but were not very well attended. In
one case, although the stakeholder apparently appreciated these
activities (“a very interesting meeting in Vienna and Stakeholder
workshop in Trondheim”), they did not regard them as important enough for collaboration to be deepened any further.
The second approach to stakeholder engagement, asking stakeholders to review the research team’s work, was quite successful,
but de facto limited to the companies involved in the project
(EDF and SINTEF).
One clear priority that emerged from this work was the need to
trigger new forms of active and creative engagement of stakeholders.
Over the long run (remembering over the last, say, 3 decades), we
have probably very recurrent conclusions:
• Even if our results seem often of no (direct) use for companies, we think we have impact through the recruitment of
our students and the mere fact that our collaboration lasts.
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• The capacity of companies to interact relies on a small
number of “boundary agents” and more generally on human
networks.
• The alignment of science with the needs of the company
versus modern science governance and evaluation is a central
source of tension.
Detailed analysis of the results of the stakeholder engagement
process allowed us to identify six key areas that are important to consider in order to increase private sector involvement
in research. These are: 1) Motivation; 2) Boundary agents; 3)
Stakeholder relations as social networks, 4) Changing conditions
and priorities; 5) Scale of engagement; and 6) Cooperation and
competition. Some recommendations are offered for dealing with
the challenges faced under each of these areas:
Motivation

Private sector stakeholders are subject to the pressures of their
industry and will not necessarily participate out of pure altruism.
The individual company representatives may be very interested,
but their firm’s priorities often may not offer them much freedom
to participate in activities that are beyond their firm’s core areas
of operation. For this reason, attention should be given to the key
motivations of these actors at all stages of engagement, e.g., for
drafting a project proposal or formulating a policy. We identified
the following four motivations in our own stakeholder community 1) to externalize work or aspects of work that cannot be
done by the company; 2) to share new ideas that are too risky
to be explored by the company at its own expense; 3) to learn
new ideas and ways of thinking; 4) to meet young scientists that
can become future collaborators (recruitment). Each stakeholder
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community will have its own set of motivations – care should be
taken to identify these before beginning the engagement process.
Boundary agents

There is a need to see beyond the unhelpful abstract jargon of
the term “stakeholders” into the complex network of social interactions beyond. We use the term boundary agents to describe
those key individuals, by virtue of their personal interests, particular skills set or work history, who facilitate exchange between
institutions, or between departments in the same company. An
important point to make here is that institutions under pressure are sometimes not tolerant of successful boundary agents,
because they may not “tow the party line”, or because they
possess a harder to identify and less-structured skills set. Though
there are likely to be examples in industry, a clear example here
is that of the modern, increasingly management-oriented university, which frequently chooses to rid itself of cross-sector collaboration spaces and staff without clearly defined university roles,
usually citing space considerations or administrative efficiency.
If applied too zealously, such a policy risks eliminating boundary agents, and will hinder, not enhance, knowledge transfer
between sectors of society. If care is taken to identify appropriate
boundary agents at the start of a project or process, much time
will be saved later on.
Stakeholder relations as social networks

Genuine and lasting stakeholder engagement takes time - some
of the relationships considered here are the product of decades
of collaboration. This does not fit within the typical 3 or 4
year project timescale. When new stakeholders are re-cruited,
it is important not to expect the confidence and trust rela92

tionships seen with more established networks to emerge rapidly.
This is particularly true of engagement with companies where
issues of confidentiality and competition may be relevant.
Engagement under changing conditions and priorities

Industry has different priorities to research, and this needs to be
clearly understood and negotiated at the outset of any collaboration. As we found under the COMPLEX project, these priorities may change, sometimes drastically, while a collaboration is
ongoing. The best way to deal with this is to employ a flexible
and pragmatic approach. Boundary agents may sometimes be
encouraged to reveal information even where there is no official
policy. Sometimes the change of attitude of stakeholders may be
more revealing than the information they provide directly – for
example, the cooling of private sector stakeholders’ interest in the
COMPLEX project seems to reflect a wider picture of reduced
industry interest in CRE development across Europe.
Scales of engagement

The findings that we report here suggest that close attention
should be paid to finding the right scale of engagement for the
stakeholder community, and an effort should be made to involve
actors with competence at all scales. As we explain above, this
may be more difficult that is first apparent, as the scale of action
of a firm’s interlocutors may not match the scale required for the
study in question. Thus researchers may find themselves offered
a stakeholder who has no knowledge of the region of interest,
because the relevant regional stakeholders are not members of
the upscale “external collaboration” departments.
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Cooperation and competition

Finally, engagement processes with private sector stakeholders
need to consider to what extent cooperation can reasonable be
offered to other stakeholders without violating company concerns
about confidentiality of information. Stakeholders may be unwilling to share technical information if they think this information
may become available to their competitors. It is also important
to note that this aspect limits the effectiveness of the “snowballing” technique (whereby an initial stakeholder identifies other
stakeholders, leading to an ever-increasing “snowball” widening
of the network), since firms may deliberately avoid identifying
competitors.
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SECTION II

TESTIMONY – What We Learned

S

ECTION I DESCRIBED the principal findings of the three
workpackages that did the most work with external stakeholders. These WPs (2, 3 and 4) were all linked to the integrative package, WP6. WP6 was arguably the most demanding of
all our WPs. It was responsible for the hard integration of databases and software tools - work that is described in a companion
volume to this report. However it was also responsible for the
soft integration work that we described as Model-Stakeholder
fusion.

One of its principal deliverables, D 6.5, was to be a participatory modelling framework that would provide a resource that
could be used outside the project. The idea was that, “by attending
workshops with other WPs conducted in a hierarchy of scales we will
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.” (COMPLEX DOW, page 32)
This proved to be much more difficult than we had anticipated.
After a substantial delay and a strong push for integration at our
final plenary meeting in Sweden, D 6.5 was eventually delivered in month 40, about 10 months later than we had anticipated. Although one could argue that our case-study WPs all
achieved some sort of fusion between their models and external
stakeholders, we must acknowledge that WP6 failed to achieve
a comparable level of integration between case-study WPs
and WP6. Some of us were doing conventional participatory
modelling, in which external stakeholders and modellers were
working together to develop software, others were using models
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to support their work with external stakeholders or developing
purely conceptual models. These are very different approaches
to model-stakeholder fusion and it is hard to see how a single
document could cover both activities.
COMPLEX is not the only research team to have concluded that
this particular circle cannot be squared. In a recent article in
Nature Climate Change6 Geels et al (2016) discuss three analytical
approaches and conclude that: “full integration of these approaches
is not feasible, because of foundational differences in philosophies of
science and ontological assumptions.” With that in mind, Section II
has allowed contributors to D 6.5 to write separate reports for
this section and given them some license to describe their own
perspectives and opinions.
This approach creates a challenge for the reader, who is expected
to remember that none of the contributors to this section claims
to speak for and on behalf of the whole COMPLEX team. Key
points of disagreement emerged as the DOW was being written
and remain unresolved as the project draws to a close. Section II
contains testimony, not definitive over-arching truths.
In Section III we will encounter an anticipatory approach that
models a human activity system that does not yet exist. We have
discussed at some length whether an ‘anticipatory model’ could
reasonably be described as ‘a simplification and abstraction of
reality’ and come to the conclusion that it cannot. A system that
•••
6
Bridging analytical approaches for low-carbon transitions doi: 10.1038/nclimate2980
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does not yet exist and which might possibly never exist can only
be described as ‘real’ in a universe of discourse where reality is
a state of mind. None of us has argued that reality is a state of
mind.
Anticipated systems may not be real, but the disagreements
between individual researchers undoubtedly are; we have argued
about them, and the arguments sometimes became heated. At
the time of writing our project is in its 40th month and there is
no sign of consensus about these concepts.
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4. WHAT STAKEHOLDERS REALLY THINK ABOUT MODELS

Jayanth Raghothama and Sebastiaan Meijer
In this report we present background work on the issues inherent in models, especially when used to inform a decisionmaking
processes. Following that, we present a game-based approach
through which this context is examined. Following the game
session, the players (all of whom are policy makers at different
counties within the Stockholm-Mälar region) are asked to reflect
on the model and the use of the model for planning. Given that
the model was designed to be only approximately correct, this
provoked a discussion on the appropriate use of such models and
methods in a planning process.
Modelling in complex systems

Despite the vast improvements in computational power, and the
methods by which we process information, there is little evidence
of the benefit of (computational) tools in situations where policy
makers are faced with problems in complex systems. Focusing
on simulations and models, this could be because of a dissonance
between the requirements of a decision making process, and the
perspectives through which these models are built. Reviewing
studies on simulations and models for policy analysis shows that
most such models are designed from the modellers’ perspective
(van Der Leeuw, 2004; Weinstein et al., 2001).
Central feature in such simulations is that they inform decision making by providing insights on “good” choices within the
system, or create representations to allow for realistic explorations
of the dynamics of systems. The manner in which simulations
can inform decision-making processes depends in turn on their
validation and evaluation. In complex systems it is practically
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impossible to adequately represent or make predictions about
such systems, primarily because of their complex nature, the
implausibility of simulating open worlds in a (necessarily) closed
simulation and the lack of availability of comprehensive datasets
that describe such systems (Batty, 2012; Petersen, 2012).
Under such circumstances, it is hard for a modeller to design and
build a model without understanding exactly how the model
is going to be used. Situating a model in its proper context of
use within long and complicated decision-making processes will
bridge this dissonance and will be crucial for the model to deliver
scientifically valid relevant insights into decision making. This
can be achieved by first gathering data and insights from decision makers on how computational models can serve them best.
In the following sections, the authors present a modification of
the popular game Democracy 3 (D3) which was used to provoke a
discussion on the use of models in decision-making. The systems
dynamics model in D3 was modified to suit the context of the
Stockholm-Mälar region. Decision makers from the counties in
the region played the game, and the debriefing session provided
valuable insights on how best to use such methods and tools.
Democracy 3

Democracy 3 is the latest version of the popular entertainment
game, Democracy (Harris, n.d.). D3 is a political strategy game
and simulates the desires, motivations and loyalties of people
in a country. The people are voters in the country, simulated
through a neural network model and forming social groups, such
as capitalists, socialists, environmentalists and so on. The player
takes on the role of a politically elected government, and has to
implement or change policies and keep the voters happy. Policies
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have Effects, which are parameters that denote how the country
is performing on various aspects. For example, increasing Education Subsidies will improve Education as an effect. All policies
are implemented by turning them on, or by increasing their
level in a slider. Policies and Effects also influence how the voter
groups feel about the government.
Figure 4.1 shows a screenshot of the user interface for D3. The blue
icons are Effects, white icons are policies which can be changed,
and social groups are shown in a rectangular block in the centre.
Green arrows indicate a positive influence, red arrows a negative
influence. By modifying the model in D3, it is possible to create
games for specific countries, such as UK, USA and so on.

Figure 4.1. Screenshot of the User Interface for Democracy 3

The game for the Stockholm-Mälar region was to be played in
a workshop in the context of the COMPLEX EU project, which
aims to create new policy instruments for transition towards
a low carbon society by 2050. The objective for players in the
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game is to act as the government of Sweden, and reduce the CO2
emissions in the region. The Stockholm model was created in
a series of preparation workshops with policy makers from the
region. In these workshops, the model as developed in D3 was
presented, and policy makers were asked to reflect on how the
model can be changed to suit the local context. These changes
were incorporated into the model to create the Stockholm mod.
D3 is designed to be modified. The core model of the game
is available in the form of comma separated value (.csv) files.
Modifications are meant to be achieved by adding files in a different folder with the same names. Mod files are meant to add
policies and effects to the core model, ensuring that the core
model remains untouched and available for future modifications.
However, this mechanism of creating mods for the Stockholm
region was insufficient, since the changes to the core model were
too many. As such all the changes were incorporated into the
core model of the game. The Stockholm mod was created first
by changing the core Policies, Effects and Voter Groups files to
reflect the context of the region, and by adding data such as GDP,
Population to the mod. The Policies, Effects and VoterGroups
files are all linked, and relationships are created by using simple
formulae. Error checking was performed by implementing a
custom parser for the csv files, which checked for inconsistencies
in the files, and by continuously play testing the mod over several
turns in the game, to ensure that the game would not crash.
In contrast to the effort taken to have a complete (approximately,
based on feedback) model, effort to validate the Stockholm mod
was not undertaken, because the game was meant to provoke
the policy makers into completing the model themselves, and to
reflect on how such tools can be used effectively. This is based
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on the assumption that instruments such as interviews or focus
groups would not be as effective in explicating the same issues as
an interactive, fun and exploratory game would be.
The Stockholm mod was played with 18 policy makers, who
played the game in groups of two. They all played the game
simultaneously, on different machines. The setup for all the
groups was identical. The game was played twice in two sessions
over the course of a single day, once in the morning and once in
the afternoon. The game play in both sessions lasted for approximately 45 minutes. A debrief was conducted immediately after
both sessions. Both the game play and debriefs were recorded on
video cameras, and conducted in in Swedish, while the game and
game interface were in English.
After each session, the players were asked to fill a form explicating the different entities (policies, effects, groups or others)
in the mod they found missing, or correct existing variables. In
debrief they were asked to reflect on the conceptual nature of the
model and the game play. The videos of debrief, and the forms
were transcribed and translated into English.
In the following sections we present an analysis of the policy
makers comments, mainly focusing on the debrief comments.
Discussion

Following the transcription and translation of the debrief
comments, the data was treated as qualitative in nature and
analysed accordingly. The data was analysed for major themes
that emerge. The authors tagged all comments made with keywords from the professional simulation vocabulary, and then
grouped them in themes that link to the discussion on the use
of models as presented above. The themes are presented below,
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in no particular order.
There were over 60 comments commented over the 2 rounds of
game play.
Systems unrepresented in the model
The analysis demonstrates that the policy makers prefer the
model system to be complete. They notice important systems or
sub systems that are not included in the model. The following
comments were made:
You could adjust the number of policy instruments so that it roughly reflects the proportion of
emissions in each sector. The agricultural sector for example, is difficult to find and it still gives
quite a lot of carbon emissions. Environmentally aware consumption/production is missing.
Heating options etc. are missing.
The analysis shows a preference not just to have a complete model with all aspect systems
included, but to have a complete model that is contextually relevant.
Policy makers also prefer the model to include and if possible, present the model from different
perspectives. Perspectives such as ethnicity, gender, political perspectives and so on need to be
included in the model:
It is still the politicians' prime objective function and the politicians in charge. Sometimes
you lose that perspective in the discussions. For me it is perhaps one of the most interesting
parts. Could be interesting to add a general gender perspective throughout the game. What
questions/answers would be directly affected?
Are there gender or ethnicity perspectives related to attitudes?
These perspectives or attitudes can be linked to the voter groups. Policy makers were very interested in being able to observe how these perspectives, or attitudes change over time, especially
in relation to changes in policy:
The voters always have the same attitude to anything before and after a decision. It would be
interesting to see that now it's like this now but once it got started, it may be changed. It is
incredibly difficult because it is so difficult to predict how people will behave afterwards. It
depends on many things.
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Legislation becomes the norm and internalized gradually and it usually takes 20 years in a
societal perspective. It is 20 years since the paper collection started at this time, it is a great
educational projects. Today, you become outcast if you do not sort your garbage and then surely
you defend yourself. There are those changes.
You can influence attitudes through campaigns, information and knowledge, and with this
dimension too you can be able to do actions that change and influence behaviour and moreover
create acceptance in order to get re-elected again. It would be a further dimension to this with
attitude and changed behaviour.
Relating this theme to the earlier theme of aspect systems, policy makers preferred to have
complete models of the technical components (such as water, electricity, heating etc.), and then
understand how changes in those components affect attitudes and perceptions. This is because
of their expertise in their respective domains, the predictability of technical components, the
intractability of social perceptions, and the impossibility of predicting human reactions:
These factors as what it will cost, what it will lead to efficiency, it is very predictable factors.
You have this in your analysis in your daily work. How does this affect attitudes, how does
that affect perceptions of things is something you do not normally have in their calculations.
This is where you feel that if you have to have a decision support that will give another dimension, it is the attitude pieces and that is where I think you could have an added value.
Should be adapted to Swedish conditions. E.g. free school lunches, cannabis is not legalised etc.
Consider removing items that are not relevant to Swedish conditions and translate operational
language to Swedish.

Perspectives
Policy makers also prefer the model to include and if possible,
present the model from different perspectives. Perspectives such
as ethnicity, gender, political perspectives and so on need to be
included in the model. Here are their comments:
It is still the politicians' prime objective function and the politicians in charge. Sometimes
you lose that perspective in the discussions. For me it is perhaps one of the most interesting
parts. Could be interesting to add a general gender perspective throughout the game. What
questions/answers would be directly affected?
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Is there also a gender or ethnicity perspective to attitudes??
These perspectives or attitudes can be linked to the voter groups. Policy makers were very interested in being able to observe how these perspectives, or attitudes change over time, especially
in relation to changes in policy:
The voters always have the same attitude to anything before and after a decision. It would be
interesting to see that now it's like this now but once it got started, it may be changed. It is
incredibly difficult because it is so difficult to predict how people will behave afterwards. It
depends on many things.
Legislation becomes the norm and internalized gradually and it usually takes 20 years in a
societal perspective. It is 20 years since the paper collection started at this time, it is a great
educational projects. Today, you become outcast if you do not sort your garbage and then surely
you defend yourself. There are those changes.
You can influence attitudes through campaigns, information and knowledge, and with this
dimension too you can be able to do actions that change and influence behaviour and moreover
create acceptance in order to get re-elected again. It would be a further dimension to this with
attitude and changed behaviour.
Relating this theme to the earlier theme of aspect systems, policy makers preferred to have
complete models of the technical components (such as water, electricity, heating etc.), and then
understand how changes in those components affect attitudes and perceptions. This is because
of their expertise in their respective do- mains, the predictability of technical components, the
intractability of social perceptions, and the impossibility of predicting human reactions:
These factors as what it will cost, what it will lead to efficiency, it is very predictable factors.
You have this in your analysis in your daily work. How does this affect attitudes, how does
that affect perceptions of things is something you do not normally have in their calculations.
This is where you feel that if you have to have a decision support that will give another dimension, it is the attitude pieces and that is where I think you could have an added value.
The other factors are more traditional financial planning or technical developments which are
much more predictable what it will lead to but not this social aspect

System dynamics
Related to the previous theme, the decision makers are also very
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interested in observing changes over time. This can be seen as a
need to observe trends over time and to have possibilities to intervene at the right time in the system. These interventions can be
considered as different scenarios, and they prefer to observe how
different scenarios change the system over time and relating it
to the earlier themes, they would prefer to observe how attitudes
change over time in reactions to policy changes:
When it comes to the need for a tool to create policies, then it might have an influence in what
order you do things. How can you handle that in the game? It can have a major impact on the
result. Regarding history. Can you go back and see what you have done? We worked for some
quick points, little in between and the slower ones. It would be of interest to be able to start with
a base to work with in a couple of years and then you can “sweeten” with additional measures.
Being able to look back and see which policy initiative being launched and for the years to
come. You might want to try these variables and the next time you want to test other, to make
it just like in politics and the democracy.

Governance and agency
Another important theme is agency within the model. The parameters in the model should be related to the governance level
that has agency to change that parameter, and as far as possible,
all major governance levels should be included in the model,
linking this to aspect systems:
I think of what we keeps coming back to, there is a dilemma in that virtually all the actions
we are doing here is related to the state. And in reality we want everyone to be on a regional or
local level, and that is where you really need to think about. Where is the dilemma? It is not
that you need to think about or it is not that local democracy.
From an energy and environmental perspective, the EU is an important actor.

Model flexibility, openness, exploration and game play
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The four inter-related themes of model flexibility, openness,
exploration and game play also emerge. Policy makers prefer
to make changes to the model themselves, to have a tool that
enables them to include aspect systems and perspectives that are
important to them in the model:
It is built so that you in some cases want to be able to pull down an empty ball and be able
to enter things that have been missing, for example, transport, train or boat traffic. And by
yourself link some of the balls to each other and as a result of the game see what was added.

This implies that models should be built according to the
perspectives of the decision maker, and the inflexibility of the
model is a hindrance to decision support:
The only thing you could do was to raise agricultural subsidies and you cannot freely do it with
the logic they have now, then you had to do in a different way, and those choices did not exist.
There is a lot that could be done. We have free school lunches and this comes from an area where
you do not have it that way, it's like a completely different starting point.
There is a point in the general if you want to use it as one of those tools. There are a lot of
things that we lack and if we add them there are other things we miss so it is itself the solution
to the game.

The notion of flexibility contradicts to a certain extent the notion
of complete ness. A complete model will be complex and make it
hard to change very easily:
There is an option to make the model more complex and instead make it possible to change some
parameters.

A related notion is that of openness, where policy makers are
sensitive to hid den parameters, the assumptions behind the
model and the data and literature that substantiate the model.
This could be because of the general incomprehensibility of
models, especially by policy makers. Making decisions based on
models that policy makers do not understand can be hard, especially in complex systems:
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I would like to have as a supplement here, it is that there were some little box where you
could gather and find the scientific literature. Why is it calculated this way? Provide links
to information of scientific or other data that has been used. What is the underlying principle
for weighting costs?
If you're going to use it as decision support you must be able to discern the data by which the
game is based on. If you could tap into your own data, I think you could use it. You have to
have full control of data to be able to use it.

Another related notion is that of exploration, which emerges
strongly from multiple comments, many of which have already
been described earlier. Policy makers want to explore the model,
and as mentioned earlier change the model to suit their needs
and to try different options and scenarios. There seem to be
multiple reasons for this, some of which are derived from the
themes described previously. They prefer to test the assumptions in the model, explore it from different perspectives, watch
how the model evolves over time and compare different scenarios and starting points for the model. This could be because of
the intractable nature of complex systems, and policy makers
prefer an understanding and exploration of the dynamics and
processes in the system over predictions of future states (Lee,
1994; Petersen, 2012). They “like to play with” and “like to play
in” the model and do not perceive the two as different:
One would like to see the change in game plan according to your previous actions. Connections
between things would have to be changed. Bicycle and things like that, I think is such a thing.
You get used to different things, you get used to drive a car, you get used to ride a bicycle. Your
preferences depend on how it looks in the community.
You see it more as a framework when you read the facts and then you start the game under
those conditions. It would be interesting to see if we could have scenarios, i.e. several parallel
games going on at the same time where you run a scenario where you invested on one thing, and
so running a scenario where you do in a different way and to be able to compare the different
scenario developments. It is of course very difficult to grasp the "real life" in this but you can
still see the one or the other and how they turn against each other, which will quickest lead to
results and which will influence attitudes, etc.
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One of the most important things about this is that it is fun. As a politician you are confronted
with thick stacks of paper, and it is not that uncommon for politicians and city councillors and
others, have not read the paper yet before a meeting. When you walk into this (game) so if you
read the small text and ingests some information, it is a pretty important part and you become
curious about the things that do not match one's perceptions and that was why I started thinking that maybe if you press the button, there would be a reference to where it all comes from and
that it can spark an interest to actually look at the research.
You want as substitute your own judgement with some kind of science You want as well as
clear some of the things out and then have it as a light-app to test these things in which you
pinpoints a side track. Because it takes time to get to know something. I had a thought also of
the external factors that can change over time and also scenarios. The development may be this
or that or some other way. Being able to put this game against a number, maybe four different
future scenarios and play it in the different environments.

Conclusions

Modellers and simulators are inclined to believe that their
products are powerful tools for the description of complex
systems, and that these tools can be used to inform decision
making and lead to better decisions. Modelling as an activity is
done from a scientific perspective, or at least from a modelling
perspective, which is at constant odds with its context of use
within a decision making process. It is important to note that
decision makers frequently have different problems and different
requirements from models.
Decision makers prefer models and tools that are open, flexible
and complete, which enable them to explore different perspectives and tools and understand the dynamics of the system under
study. This can be perceived as a call for highly elaborate models,
but this will on the other hand close down the inherent flexibility.
Models should reflect the nature of the system under study.
117

Achieving open- ness in a model will prove difficult, since by
its very nature, building a model within a computing system
means that the model boundaries should be closed at some point.
Conceptualizing an open, flexible model that is at once complete
and scientifically valid is a challenge.
Models should also facilitate exploration, which in conjunction
with the open- ness and flexibility means that models should
allow its users to change relationships and parameters within
the model. Facilitating the exploration of the bi-directional relationships between technical components (energy, water, etc.) and
social perspectives (attitudes, perceptions in society, etc.) is key.
Also important is to be able to explore these relationships over
time. As before, allowing exploration in an open, flexible and
complete model while maintaining scientific validity will prove
an enormous challenge.
Other important aspects are that of agency and realism. The
model should account for agency within a governance structure.
The model should simulate, or provide structures to link parameters to governance. The model should also be realistic within
the local context, by including various aspect systems specific to
the area or domain under study, and relate these aspect systems
to the governance levels present in that local context.
Models and simulations have come under increasing scrutiny
and criticism of late. Among the many criticisms is that models
have increasingly failed to deliver on their promise of realistic
complex simulation and valid predictive ability. From the data
gathered through the Stockholm version of Democracy 3, it
appears that this can be addressed to a certain extent by building
many models of the same system or phenomenon from different
perspectives, in the pluralistic sense. It can also be addressed by
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aiming to provide frameworks for valid model building from
different perspectives rather than trying to simulate complex
phenomenon at high levels of realism and validity.
Given that this is almost impossible in complex systems, perhaps
models should look to satisfy other requirements, and engage
actual users in the form of decision makers to deliver those
requirements.
A new era for gaming simulation might begin!
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5. LOCAL POWER AND LAND USE: SPAIN AND NETHERLANDS

Cheryl de Boer, Richard Hewitt, Hans Bressers, Patricia Martinez
Alonso, Verónica Hernández Jiménez, Jaime Díaz Pacheco and Lara
Román Bermejo
Decentralised and smaller-scale approaches to Renewable Energy
may facilitate or accelerate implementation under certain conditions. Key elements supporting this hypothesis are 1) larger
projects have more visible spatial impacts, and projects with high
spatial impacts are slow to develop in places with strict planning regulations and where land use changes are open to public
debate, and 2) larger projects require large investment of capital
which developers may be unwilling to outlay when economic or
legislative changes generate instability in the sector (De Boer et
al., 2014).
Some articles exist with respect to the spatial implications of
land based PV installations (Tsoutsos et al., 2005; Chiabrando
et al., 2009; Turney and Fthenakis, 2011) and the landscape
impacts and related implementation issues of wind turbines
(Álvarez-Farizo and Hanley, 2002; Martínez Alonso et al. 2016;
Drewitt and Langston, 2006; Fox et al., 2006; Stewart et al.,
2007). However, there are few local or sub-regional scale studies
on implementation or land planning conflicts specifically due
to displacement or incompatibility of uses with the development of RELF (Renewable Energy-related Landscape Features).
RELF are the physical structures necessary for the deployment
of Renewable Energy (RE). This is an important area of study
since there has been a relatively recent emergence of local RE
developments aligned with the transition to a more decentralized energy model. Often due to the smaller impact per installation, the typical Environmental Impact Assessment (EIA) or
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related planning instruments do not apply and installations can
go “unnoticed” from a planning perspective. We focus principally on wind and PV developments since they can be achieved
through both large and small-scale activities, which are important for increasing the resilience of the energy supply in a given
region or locality.
This chapter describes research undertaken to discover how
contextual (qualitative and quantitative) data can be used to
understand land use patterns and possible future scenarios of local
renewable energy in the Netherlands and Spain. We provide here
the results of our literature review of the available knowledge
on spatial impacts of RE and a summary of what this means
for researchers attempting to understand this dynamic field.
Our main research in this project is related to the relationships
between land use change, renewable energy development and
policy. We dedicate this research note to increasing the visibility
of how current data is limiting us in understanding this dynamic
and important relationship. Secondly we introduce very briefly
the model being developed to help us understand these relationships and relevant case studies that we are applying it to in order
to advance future studies in understanding the spatial impacts
of RE. As such, this research will support future efforts in the
fields of land use change modelling and those involved in areas
of public administration research related policy implementation.

Literature review of the spatial impacts of RE

The spatial impacts of implementing various renewable energies
(RE) are complex and dependent on the technology as well as
the particular context in which RELF are implemented. They
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may be visual, physical, functional, long term, short term, easily
reversible or not, etc. Spatial impacts are related to the topography of the landscape, the area of land physically covered by
RELF, the current land use and geography, the distance from
areas of natural beauty or sensitive ecosystems and biodiversity
(McDonald et al., 2009). Full attribution of spatial impacts of
RELF requires an understanding of the entire implementation
and usage process chain; impacts may include changes to existing infrastructure, land conversion and agricultural productivity
impacts, ecosystem modifications and habitat and biodiversity
reduction, aesthetic changes and adjustments to recreational
potential. Some spatial impacts, such as the negative impacts of
wind turbines on bird populations (ecological impacts), landscape
visual quality (aesthetic impacts) and disruption to food supply
from transforming agricultural land to biofuels (direct land use
impacts) are widely known. Other related aspects, such as land
use intensity, indirect land use change and land multi-functionality have received less attention in the literature. In the following
paragraphs we provide a review of the literature relevant to the
question of spatial impacts associated with solar PV and wind
energy implementation and then include a more detailed discussion of land use, the key focus of this paper. Much literature
relevant to the potential spatial impacts of RE development was
identified; however, significant gaps do exist. The spatial impacts
of solar energy installations are generally less well studied than
for other RE types. The impact of Solar Thermic (ST) energy is
likely to be minimal, since this is mostly associated with heating
systems added to buildings (Tsoutsos et al., 2005), but the spatial
impact on the territory of photovoltaic energy (PV) installations
may be quite substantial. In addition, though the literature on
wind energy is abundant, few studies seem to relate to the direct
land-use impacts of wind installations, a key concern of our rese122

arch. Overall, precise assessment of expected and real impacts
was generally sparse for all RE types. One exception to this is
that spatial impacts due to land use transformation, from food
to biofuel has been deeply studied; however the focus on RELF
requires information on the location of these “crop installations”.
Gathering the information related to this is seen as a particular
issue in and of itself as crops for biofuels are not distinguishable
from regular crops from a land use perspective. As such, we have
chosen not to include bio-mass related RE in this research.

Direct land-use impacts

Alterations to land use can be expected to occur for all new RE
installations. PV installations and wind turbines that are not
located on top of already existing infrastructure will reduce the
ability to use the land for other activities, though to different
degrees based on the previous land uses and the type of project
implemented. While for example, it could be expected that much
agricultural land would be too valuable to turn into PV fields,
new standards requiring a percentage of utility supplied power
to come from renewable sources is resulting in large-scale PV
projects expanding into a wide range of locations and ecosystems
that were once considered uneconomic. The potential land use
issues and concepts related to PV and wind installations found
in the literature are highlighted below.
Construction phase impacts are relevant to the installation of
PV or wind installations (Chiabrando et al., 2009). Large scale
wind installations, together with their associated access roads
and electricity supply infrastructure have major direct impacts
and are compatible only with some existing uses (e.g. forestry,
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pasture). Literature relating to impacts of wind turbines however
mostly deals with issues around ecological or visual impact of
the erected turbines. Research with stakeholders to estimate
the social cost of wind farm developments in Saragossa (Spain),
identified loss of natural areas and the impact of access road
construction as key impacts (Álvarez-Farizo & Hanley, 2002).
In this work, stakeholders consulted in the Spanish region of
Navarre noted that the impact of access construction was one of
the factors that provoked public controversy when the first wind
farms were developed in the 1990's (Martínez Alonso, 2016). A
lack of assessment procedures established at an international level
for PV is also contributing to this gap (Chiabrando et al., 2009).
The concept of land use intensity is important when addressing
the land use impacts from installation and operation of large
scale PV plants (Turney and Fthenakis, 2011). Land use intensity
is a metric that expresses the quantity of land transformed relative to power output or unit of electricity generated. The land
occupation relative to the time the power plant is in use is also
important and should take into account the time required for the
land to recover following use. While land use intensity for large
scale solar installations and coal plants was comparable in the
short term, over the long term PV installations required lower
land areas for equivalent energy generation capacity (Turney and
Fthenakis, 2011). These authors found that recent commercial
PV power plants in the US covered an average of 25km2 GWp−1.
They estimated also that in cases where the PV systems were
installed in forest areas that recovery of the forest requires an
average of 10 years. Additionally they calculate that a 30-year
old PV plant occupies ~15% less land than a coal power plant
of the same age. The study of overall land coverage of PV panels
that has increased due to legislative incentives in Italy quantified
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the future potential impact with an assumption that between 7
and 10 m2 of surface area is necessary to generate 1 kWp (Chiabrando et al., 2009). A continuing increase in the installed capacity of 10 MWp per month would then result in between 80,000
and 100,000 m2 of additional PV land cover per month.
These studies are surprising since they challenge two key
popular assumptions, 1) that solar installations always occupy
far less land than coal plants – in fact their impact is initially
comparable and only begins to show advantage after ~25 years;
and 2) energy generation capacity of solar is per se less intense
than all fossil fuels – something that can be seen to be untrue if
intensity is measured over the lifetime of the plant (Turney and
Fthenakis, 2011). These impacts are related to land based PV,
not those that are implemented on top of existing infrastructure.
More generally the available literature suggests that, besides
the various negative impacts, there may be a number of potential land use benefits of PV systems. PV projects can be used to
reclaim degraded land and reduce requirements of transmission
lines of electricity grids; be used in scenic areas and National
Parks, where the avoidance of pylons and wires is a major advantage; can be integrated into the façades of buildings; used as
a cladding material for commercial buildings; and provide
shading and heat extraction (Tsoutsos et al., 2005). Additionally,
greater multi-functionality is generally more possible than with
many other energy technologies. Placing PV panels on top of
existing infrastructures rather than on forested or farmland can
also prevent biodiversity loss (Turney and Fthenakis, 2011). The
main negative land use impacts related to PV systems are the
loss of amenity; the implementation of a PV system in once-cultivable land limits the soil productivity in that area (Tsoutsos et
al., 2005). The electricity output in this case is then competing
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with food production and as such is similar to the dilemmas
faced by energy crops (Chiabrando et al., 2009). Some negative
visual aspects have also been noted but there is little certainty
about how these impacts are experienced.

Aesthetic impacts

The literature on aesthetic or visual landscape impacts resulting
from RE installations relates mostly to wind energy as widespread
deployment of wind turbines has taken place over the last 2 or 3
decades. Since this literature is extensive the following summary
is intended to be illustrative rather than comprehensive. Generally the research on the aesthetic impacts of solar is based on
solar cells that are not added to previous infrastructures. This
needs to be considered when determining the relevance of these
impacts to the context at hand.
“One of the most difficult-to- quantify ... environmental costs is
visual impacts, whether from wind, solar or hydropower developments” (Álvarez-Farizo & Hanley, 2002). These authors used
choice modelling techniques based on stakeholder interviews to
estimate the social cost of wind farm developments in Saragossa,
Spain. Respondents tended to value impacts on flora and fauna
more highly than impacts to the visual landscape or to the area's
rare geological heritage. This study is notable in that it recognises that wind farm developments have significant social costs
and that these costs can be assessed through engagement with
local stakeholders. In a study of annoyance due to wind turbine
noise in Sweden, it was found that interviewees in a municipality
in the south of Sweden were more likely to report annoyance due
to turbine noise if they felt that turbines negatively impacted the
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visual landscape (Pedersen & Persson Waye, 2004). In general
respondents accepted the necessity of wind turbines but felt
that their contribution to the landscape scenery was negative.
Further, in a 2007 study of renewable energy planning in the
Netherlands, found the visual evaluation of the impact of wind
power on landscape values to be the most dominant factor in
community acceptance of such schemes (Wolsink, 2007).
Although there seems to be broad general consensus about the
importance of visual impact of wind energy developments, not
all authors explicitly consider it (Aydin et al., 2010).
Stakeholders interviewed in this study’s Navarre case considered
that public controversy related to installation of wind farms in
the 1990s had now mostly been resolved (Martínez Alonso et
al., 2013) thanks to public information campaigns and growing
general awareness of environmental issues. Other parts of Spain
have seen political disagreement between autonomous communities (e.g. between Castille and Leon and Cantabria) over the
visual impact of wind energy installations in border areas of
landscape beauty (Martínez Alonso et al., 2013).
For solar energy installations, (del Carmen Torres-Sibille et al.,
2009) the aesthetic impacts of PV installations can be quantified based on 4 criteria: visibility, colour, fractality and concurrence between fixed and mobile panels. This study determined
the overall impact by expert opinion through a Delphi procedure. Different impacts were generated by different types of
plants in different types of landscapes. The proximity to urban
or recreational areas was however not taken into account and so
this study can better be seen as potential aesthetic impact since
frequency of impact was not considered. Analysing subjective
reactions requires a cognitive study of people’s preferences for
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PV power plants. There is yet no psychological research specific
to PV power plants in the literature according to (del Carmen
Torres-Sibille et al., 2009), and this would be extremely important for highlighting successful opportunities for implementing
these projects in urban and semi-urban areas. The only empirical results related to land use impacts was that differences in
size were important in the overall impact of the subjects and
that both objective variables and subjective feelings were taken
into account when making their judgments. A scoping survey
completed in the province of Overijssel found that among those
(N=15) that completed the survey, the landscape implications
were of lower importance in the development of PV energy
than other factors such as importance for the environment, and
economic benefits.

Recreational impacts

Implementation of RELF may also imply changes to the land as
a public amenity. Metrics for the impacts of RE installations on
recreational resources have not been developed but would likely
be similar to the aesthetic impacts mentioned earlier (Turney
and Fthenakis, 2011). However, additional factors may need to
be considered such as loss of public access. While wind farms
may be accessible to the public, in most cases PV arrays are not.

Ecological impacts

Ecological impacts relate to habitat loss or damage, such as insect
and bird death from intense light generated by solar installations
or wind turbines, and increased use of resources such as water.
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The impact of wind turbines on birds has been widely studied
e.g. (Drewitt and Langston, 2006; Fox et al., 2006; Stewart et
al., 2007) and the importance of this aspect for assessing the
environmental impact of windfarms is wellrecognised. In the
previously mentioned study stakeholders in Saragossa valued
impacts to flora and fauna more highly than other landscape
impacts (Álvarez-Farizo & Hanley, 2002). The authors include
resource depletion in their list of environmental impacts of PV
systems, since their manufacture required scarce materials (In/
Te/Ga). A 2009 study of the territorial and landscape impacts
of PV systems identifies impacts from landscape fragmentation,
vegetation degradation, interference with flora and fauna as well
as microclimatic change caused by the daytime warming of the
surface of the solar array (Chiabrando et al., 2009). Concerns have
also been noted about impacts to wildlife, which may prohibit
solar development on large areas of desert land in California
(Turney & Fthenakis, 2011).
In terms of habitat and biodiversity impacts, research continues
on measuring habitat fragmentation, and risk assessment of
complex ecosystem collapse. Land use intensity is often used
as a proxy for assessment of impacts on biodiversity (Turney &
Fthenakis, 2011). However, biodiversity can be directly measured
by species density (recorded in the Millennium Ecosystem
Assessment), and PV installations can be sited accordingly in
less biodiverse areas. The water needed for cleaning solar panels
is approximated at 500–1000 gallons per MWp of panels per
year (Turney & Fthenakis, 2011). The hydrological footprint of
large solar arrays, particularly in arid or semi-arid environments,
is likely to be considerable.
The term energy sprawl addresses the varying spatial extents of
different energy production techniques (McDonald et al., 2009).
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It is the product of the total quantity of energy produced annually (e.g., TW hr/yr) and the land-use intensity of production
(e.g. km2 of habitat per TW hr/yr). This is used to address the
potential habitat effects of energy sprawl, and to show that more
compact energy generation does not necessarily reduce damage
to biodiversity. Particularly important is that energy production techniques can have multiple effects on biodiversity, which
“operate at different spatial and temporal scales. Biodiversity
impacts that are likely to scale with real impact include habitat
replacement and habitat fragmentation. Further, the longevity of
the impacts… also… varies” (McDonald et al., 2009:3).

Spatial planning for RE impacts

Spatial impacts of different types of RELF can be assessed,
but no simple calculation will enable the right technology to
be selected to ensure maximum capacity for minimum spatial
impact. Instead impacts should be determined based on the
particular characteristics of the area in question. Many different
criteria for siting of RE installations need to be balanced to take
into account the various types of impact from each technology.
For example, while the elevation of the wind turbines increases
the area of aesthetic land use impact compared to PV, the actual
area occupied by PV is the main intrusion into the landscape due
to their low elevation and wide expanse.

Reversibility

Some impacts resulting from installation of RELF are quickly
reversible through the removal of the relevant installations,
130

such as solar panels or wind turbines. In other cases previous
or alternative uses will only return once the previous state has
been regained. Clearly, installations in urban areas on rooftops
are nearly completely reversible, but large scale land clearance
for wind farms or PV arrays may take decades or centuries to
recover. In general, spatial planning procedures do not deal well
with the issue of reversibility, often because high value land
uses such as urban development or mining are irreversible on a
human time scale.
Large scale wind and solar developments in the EU require
an Environmental Impact Assessment (EIA), which includes a
visual impact analysis. Though there do not seem to be many
published examples (EIA studies are mainly an annex to the
project itself), a GIS-based visibility catchment (viewshed)
analysis would be an appropriate starting point for evaluation of
visual impact. Published research exists on the environmental
impacts from the manufacturing and decommissioning phases
of PV power equipment however more studies are needed about
the installation and operation phase.

Planning methods

Local communities can experience difficulty in deciding the
siting of PV installations (Chiabrando et al., 2009). Innovative
approaches involving participatory cartography are one way to
address these difficulties (Martínez Alonso et al., 2013; Lange
& Sigrid Hehl-Lange, 2005; Van Hoesen & Letendre, 2010).
Modelling approaches directed at RE installation location, such
as Multi-Criteria Decision Making (MCDM) procedures (Aydin
et al., 2013) or optimal site potential models (Yeo & Yee, 2014),
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are beginning to emerge and are likely to offer a way forward with
respect to the spatial allocation of RELF in line with environmental criteria. This section provides an overview of the two case
studies used in this research to understand how local RE development is taking place and particularly what elements of spatial
issues are developing alongside it that should be considered.
The study of local renewable energy development from a spatial
perspective is a relatively new field of study. Two cases were
chosen with different spatial contexts in order to develop understandings of relationships that take place in both space-scarce
(the Netherlands) and space-abundant (Spain) areas. In the
Netherlands, locally based solar implementation is increasing
exponentially. Collective purchasing, crowdsourcing and small
scale solar farms are becoming commonplace. The highly regulative nature of Dutch spatial planning could be used to reduce
the changes seen due to solar energy. Currently this is only being
done in cases where the scale is considered to be industrial and
not for personal or community use. Discussions are being held at
the provincial level about how to incorporate medium size solar
installations in the landscape, but no final decisions have been
made. Wind energy is highly regulated and has not achieved
much in comparison to other countries in Europe. In Spain,
previous advancements made through large scale wind and solar
installations have come to a standstill due to an altered funding
environment at the national level. Current developments are
considered to be more modest or small scale and need to address
more local issues due to the lack of support from higher levels.
Connecting the types of local RE projects and the resulting
implementation processes and land use impacts that have taken
place in these two cases is desired in order to provide us with
the necessary preliminary data to simulate and model these rela132

tionships. What is missing from the available literature is how
qualitative and quantitative social factors increase or decrease the
likelihood of implementation of renewable energy in different
cases. In this ongoing research we are using a specially developed
integrated participatory land use model APOLUS - Actor and
Policy Land Use Simulator.
APOLUS is articulated as two model blocks (see figure 1): Land
demand and Land use allocation are connected by a feedback
loop. The land demand model block determines the amount of
land to be changed or combined with RE uses which is then
allocated in the land use allocation model block. Land demand
is initially determined for each scenario on the basis of factors
exogenous to the land allocation block, but land allocation
outcomes are fed back into the demand block so that the system
is modified dynamically as RE implementation progresses. To
produce simulations of land use and RELF at future dates (e.g.
2020, 2050), the storyline and simulation approach is employed
(White et al., 1997). Storylines are developed through the participatory process and the model represents them. This enables
the contextual factors related to the implementation process to
be introduced into the model. Determination of RE demand for
each scenario is a key challenge. As noted above, the demand
model block also needs to consider multi-functionality, enabling
the allocation of new RELF in existing land areas. It is anticipated that more multi-functionality of land use will take place
in the Netherlands area than in Spain, so some difference in the
operation of the system across the two areas is anticipated.
As such, the differences and similarities between the chosen
case studies will give us a perspective on different European
approaches to land use and renewable energy. The model enables
us to incorporate geographical, social and economic factors into
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the development of future scenarios with the help of expert and
local stakeholder input. Doing so at a regional/local scale in our
two case studies will provide direction as to what type of spatial
land use data is necessary for understanding land use changes
associated with local renewable energy development.

Results and discussion

Implementation of local RE installations, as with any change to
local resources or amenities, is more effectively accomplished if
it is community driven and if both costs and benefits are shared
across different members of society. As seen in Spain, a success
story can turn into failure overnight if implementation is excessively reliant on top-down mechanisms such as legislative support
and subsidy regimes. Conversely, even if a considerable amount
of general support for renewable energy policy exists, at a local
level many residents feel that a renewable energy system may
limit their quality of life (Chiabrando et al., 2009). A number of
important points emerged from the preliminary case study work
that need to be addressed in the spatially focused simulation
model that has been developed to study these implementation
processes. These are as follows:
1) Multi-functionality: No clear distinction was identified
between wind and PV energy with respect to multi-functionality
of use. In the opinion of Spanish stakeholders, PV energy installation development implies loss of the previous land use, while wind
energy was regarded as compatible with other uses. This is quite
different to the current situation in the Netherlands where there is
strong resistance to wind energy because it is viewed as incompatible with the landscape, yet PV on roof tops is generally accepted.
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Since multiple land uses are not recorded under Corine land cover
data, it is not possible to verify whether there were good examples
of compatibility of land-use from the maps. It is very important
that the simulation model take multi-functionality into account
since under some circumstances RE must be incorporated into the
existing land uses without taking them over.
2) Temporal resolution of innovations: Another challenging
aspect of this research is the speed at which changes are taking
place and the minimal level of oversight which can occur. This
is particularly visible for the diffusion of PV panels in the
Netherlands. An underlying hypothesis is that new projects are
influenced by the presence (or lack) of other PV panels in the
area. Detecting the presence of any causal aspects to this relationship implies a need for data on a highly detailed temporal
scale. However, since this level of detail is not present in the available open data, the model will be tasked with simulating this
process. By generating plausible outcomes from multiple model
runs, the simulations model serves as a virtual laboratory for
exploring the spatial and temporal diffusion of these processes.
3) Path dependency: A further challenge to the successful development of future scenarios is the underlying assumption that the
past land use relationships will hold in the future (path dependency). Using past land use change relationships as the basis for
the scenarios has a number of issues. As technologies change, the
underlying characteristics of RELF also change. This is true particularly with respect to the footprint and aesthetic impacts that
are related to a technology. To address this, we include a certain
amount of randomness into the development of scenarios and
will also include the changes in potentially influential contextual
factors as variables in the model. The spatial allocation component of the model, the cellular automata model of White and
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collaborators (Alcamo, 2008) is especially suitable for this kind
of work, since small changes to model parameters can produce
highly divergent outcomes as the simulation progresses, a feature
known as bifurcation. Model results are thus not limited to a
few scenarios (e.g. business as usual, renewables super development, continued fossil fuel dependence etc.), but instead produce
a broad range of possible options based on the various bifurcations from each scenario path. Multiple model runs can be used
to assess the probability of the various outcomes. Model results
can assist policy makers in assessing the likelihood of the developments having an impact in their particular area based on the
timespan over which they expect their policies and plans to be
relevant.

Conclusions

The need for additional and interdisciplinary studies related to
the development of local renewable energy is clear. The multiple
types of RELF possible will have significant and varying impacts
on the speed and success of the energy transition in various places.
The increasingly private and local nature of renewable energy
development increases the complexity of monitoring and understanding these processes. We aim for this study to provide some
insight into the gaps and lack of information available for policy
makers and planners in preparing, supporting and steering the
local, decentral renewable energy transition.
Abbreviations Used

RE – Renewable Energy
RELF – Renewable Energy Landscape Features
136

References
Alcamo, J. (2008). The SAS approach: combining qualitative and quantitative knowledge in environmental scenarios. Environmental futures: The practice of environmental scenario analysis 2, 123-50.
Álvarez-Farizo, B. and Hanley, N. (2002). Using conjoint analysis to quantify public
preferences over the environmental impacts of wind farms. An example from Spain.
Energy policy 30(2), 107-116.
Aydin, N. Y., Kentel, E., Duzgun, S. (2010). GIS-based environmental assessment
of wind energy systems for spatial planning: A case study from Western Turkey.
Renewable and Sustainable Energy Reviews 14(1), 364-373.
Aydin, N. Y., Kentel, E., Sebnem Duzgun, H. (2013). GIS-based site selection
methodology for hybrid renewable energy systems: A case study from western
Turkey. Energy Conversion and Management 70, 90-106.
Chiabrando, R., Fabrizio, E. Garnero, G. (2009). The territorial and landscape
impacts of photovoltaic systems: Definition of impacts and assessment of the glare
risk. Renewable and Sustainable Energy Reviews 13(9), 2441-2451.
De Boer, C., Hewitt, R., Bressers, H., Hernández Jiménez,V., Martínez Alonso, P.,
Warbroek, B. (2014). Stakeholder input and feedback on model development of
PLUS4-CMP. Project Report for EU FP7 Programme COMPLEX Project.
del Carmen Torres-Sibille, A., Cloquell-Ballester, V.A., Cloquell-Ballester, V.A.,
Ramírez, M.Á.A. (2009). Aesthetic impact assessment of solar power plants: An
objective and a subjective approach. Renewable and Sustainable Energy Reviews
13(5), 986-999.
Drewitt, A. L. and Langston, R. H. (2006). Assessing the impacts of wind farms on
birds. Ibis 148(s1), 29-42.
Fox, A. D., Desholm, M., Kahlert, J., Christensen, T. K., & Krag Petersen, I. B.
(2006). Information needs to support environmental impact assessment of the effects
of European marine offshore wind farms on birds. Ibis 148(s1), 129-144.
Lange, E. and Sigrid Hehl-Lange, S. (2005). Combining a participatory planning
approach with a virtual landscape model for the siting of wind turbines, Journal of
Environmental Planning and Management 48(6), 833-852.
Martínez Alonso, P., Hewitt, R., Pacheco, J.D, Román, L, Hernández Jiménez, V.,
Bressers, H., and de Boer, C. (submitted). Sun, wind and political will: participatory
analysis of renewable energy policy implementation in Spain and its implications for
a low carbon future.

137

Martínez Alonso, P., Hewitt, R., Vicente Guillén, J., Román, L., Hernández Jiménez,
V., Pacheco, J.D. (2013). Climate Related Energy Developments in Spain, COMPLEX
FP7 project report. Available on line at: http://www.complex.ac.uk/outreach/publications/reports/OCT-COMPLEX_Deliverable D3.1_26122013.pdf.
McDonald R.I., Fargione J., Kiesecker J., Miller W.M., Powell J. (2009) Energy
Sprawl or Energy Efficiency: Climate Policy Impacts on Natural Habitat for the
United States of America. PLoS ONE 4(8), e6802.
Pedersen, E. and Persson Waye, K (2004). Perception and annoyance due to wind
turbine noise—a dose–response relationship. The Journal of the Acoustical Society
of America 116(6), 3460-3470.
Stewart, G. B., Pullin, A. S., Coles, C. F. (2007). Poor evidence-base for assessment of
windfarm impacts on birds. Environmental Conservation 34(01), 1-11.
Tsoutsos, T., Frantzeskaki, N., Gekas, V. (2005). Environmental Impacts from the
solar energy technologies. Energy Policy 33, 289-296.
Turney, D. and Fthenakis, V. (2011). Environmental impacts from the installation
and operation of large-scale solar power plants. Renewable and Sustainable Energy
Reviews 15(6), 3261-3270.
Van Hoesen, J. and Letendre, S. (2010). Evaluating potential renewable energy
resources in Poultney, Vermont: A GIS-based approach to supporting rural community energy planning. Renewable Energy 35 (9), 2114-2122.
White, R., Engelen, G., Uljee, I. (1997). The use of constrained cellular automata for
high-resolution modelling of urban land-use dynamics. Environment and planning
B 24, 323-344.
Wolsink, M. (2007) Planning of renewables schemes: Deliberative and fair decision-making on landscape issues instead of reproachful accusations of non-cooperation. Energy Policy 35, 2692–2704.
Yeo, I., and Yee, J. J. (2014). A proposal for a site location planning model of environmentally friendly urban energy supply plants using an environment and energy
geographical information system (E-GIS) database (DB) and an artificial neural
network (ANN). Applied Energy 119, 99-117.

138

6. FUTURE SCENARIO MODELLING: AN INSIDER’S VIEW ON
UPPSALA

By Cecilia Sundberg
The research described in this chapter began before the
COMPLEX project was funded and will continue after the
project has closed down. This report draws on six years of experience of collaboration on transitions to a low-carbon society
between academia and public and private actors and civil society
in Uppsala, Sweden. My journey started with a student project
on local energy system planning in my course for Energy Systems
Engineers in 2009 and has evolved since then. This text summarises some reflections on this process. Starting with a short
description of the collaboration and the model, I reflect on the
knowledge and understanding that has developed in the modelling process. Some examples are given on technologies of interest
and how these have, or have not, been integrated into the modelling process. Then I describe some institutional aspects related to
the collaboration, and summarise the findings.
The Uppsala roadmap to a low carbon society

With over 200 000 inhabitants, Uppsala (59°N; 17°E) 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. The current energy system is characterized by a combined
heat and power (CHP) plant that distributes district heating,
electricity, district cooling and steam to the central urban area,
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with the main fuels being peat, municipal waste and biomass.
Biogas is produced at five facilities and the gas is used either in
conjunction with heating or is upgraded for use in public transportation.
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 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 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 from all members.
The Uppsala roadmap was initiated 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. The working process was
initiated in 2013 within the framework of the UCP, aiming to
analyze potential pathways and measures to reach the munici140

pality’s long-term climate objective. An inclusive process was
set up, 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 the 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 scenariobuilding
and modelling of the future energy systems.
The model covers all energy use and all greenhouse gas emitting
activities and processes within the municipal borders of Uppsala.
In addition to this, long-distance travel by the inhabitants of
Uppsala is included. For energy use, life cycle greenhouse gas
emissions of fuels and electricity have been added to the direct
emissions in Uppsala.
The overall framework when developing scenarios has been a
backcasting method, starting with formulating images of the
future that are target-fulfilling whereby possible trajectories and
measures has been identified and quantified as far as possible.
Participatory backcasting is a method for system innovation
and socio-technical transition with involvement of stakeholders,
which includes defining first steps and roadmaps towards an
envisaged system change (Robinson, 2011).
The project group developing the roadmap and the model has
included researchers, senior advisers at the Uppsala municipality,
a representative from Vattenfall and a project manager from the
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Mälardalen Regional Energy Agency. Throughout the project,
many stakeholders from the UCP were included in the process of
developing scenarios and collecting data. A number of students’
projects was 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).

Some model considerations

The roadmap and its associated model were performed with the
geographical boundary of the Uppsala municipality as system
boundary. This is due to the local initiative and local collaboration regarding transition to a low carbon society. Such delimitation is appropriate in the Swedish context, where the local
authorities have a strong role, whereas the regional authorities
are rather weak. Data on energy use and emissions are available
at the local scale from the national statistics authorities, and it is
this feasible to model the system at that level.
Despite the rather strong decision-making power at the local
level, the operational space for energy system transformation is
largely determined at higher levels, notably the European and
national levels, which set frameworks as well as regulate details
in many aspects of the energy system. The taxes and subsidies
decided at the national level are decisive for the costs of introducing new technologies. Another way that the national government influences the local level is through Vattenfall, the 100%
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state owned energy utility that in Uppsala owns the district
heating grid and plants, and the electricity grid. As a key stakeholder in the local energy system, Vattenfall has been an active
partner in development of the roadmap and the LEAP model.
The scenario development was influence by the local experience
of the institutional landscape, especially the dependence of local
development on national policy. Three of the scenarios focused
on the activities at the national levels, whereas two have their
emphasis on local action. For example, the selection of two reference scenarios was guided by contradictory signals from the
national government, with a strong rhetoric commitment to
long-term emission-reduction being combined with a perceived lack of action in the short term during the project period
2013-15, especially regarding targets and development towards a
fossil-fuel independent transport system.
Many other energy scenario projects in research and policy
making are based on economic modelling of energy systems. In
this project, it was decided not to model the economy at all.
This was primarily based on former experiences from students´
projects, where it has been difficult to access reliable figures on
current costs for activities and interventions in the energy system.
Moreover, previous predictions of oil and electricity prices have
been highly inaccurate even at the time scale of a few years.
Consequently, it was considered meaningless to make prognoses
about future costs and to use them to model the energy system
on a time scale of decades, considering all uncertainties about
future costs. However, there are often implicit considerations of
costs (at least relative costs) underlying the choice of technologies
in the various scenarios. Furthermore, costs at the level of users
and investors depend strongly on economic incentives from EU
and national government.
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The future scenarios build on knowledge on the current and
historical use of energy and its related climate impact. In addition to future scenarios, there is a need for establishing statistics
for monitoring the development over time of energy use and associated greenhouse gas emissions. In parallel with the roadmap
project, two minor projects have been performed for developing
climate and energy statistics for the city of Uppsala and the
Uppsala region. The city of Uppsala has an established routine of
calculating annual greenhouse gas emissions and using that in
planning and evaluating progress towards a low-carbon society.
The other municipalities in Uppsala County do not have such
routines in place, but the regional projects aim at establishing a
common method for energy and greenhouse gas accounting in
the region.

Challenges and opportunities for implementing system change

During the course of the collaboration, certain technologies and
system solution has emerged as interesting for various reasons,
and the development is driven by different actors. A few examples
will be given here, namely food, food waste, biogas, biochar,
willow short rotation coppice, and hydrogen.
In the Total potential scenario, agricultural land not needed
for food production was assumed to be available for bioenergy
production. It was assumed that food production volumes will
constant, but require less land due to increased productivity. For
the land not used for food production, a high-yielding bioenergy
production system was selected, namely short rotation coppice
willow. It was assumed that the wood produced is used as fuel
for combined heat and power (CHP) production. This produc144

tion system is established in Sweden, for example in Enköping in
Uppsala County.
Carbon storage in soils or vegetation was not modelled. This was
because there was no basis in data or method available for the
work when the project started and it was not considered a priority by the local stakeholders. However, knowing the large size of
carbon fluxes between the atmosphere and soils and vegetation,
this was not satisfactory. Especially when changes in land use
are modelled, it is necessary to include C in soil and vegetation, in order to correctly estimate greenhouse gas impacts in
different scenarios. This is of particular interest in scenarios that
include major changes in local production and use of biomass. As
a consequence, our next step in the modelling work is to develop
a new module that takes into account the fluxes of C between
atmosphere, soils and vegetation when the production of short
rotation coppice willow is increased to satisfy the demand for
more biomass for district heating and combined heat and power.
The work is performed by PhD student Torun Hammar and
builds on her previous work (Hammar et al., 2014; Hammar
2015, Hammar et al., 2016).
Knowledge about greenhouse gas emissions from bioenergy
systems (including carbon storage in soil and vegetation) has to
some extent guided the selection of technologies for the Total
potential scenario. This includes the choice to produce short
rotation coppice willow on agricultural land, which stores additional carbon in soil, wood and roots (Hammar et al, 2014). The
choice of pyrolysis of straw, to produce energy as well as biochar,
a stable carbon source that is recirculated to soil, is based on
knowledge about greenhouse gas balances of pyrolysis and
biochar systems (Ericsson, 2015). Contrary to removal of straw
for energy purposes, addition of biochar does not give reduced
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carbon content in soils. It probably gives an increase in soil C
content, which has not been included in the model.
The Uppsala municipal council decided in 2014 on a longterm
goal (until 2023) to serve 100% organic food in publicly financed
food services such as schools. This could potentially lead to large
changes in local agriculture, which would affect the potential
for bioenergy production. This has not been considered in the
model, but is of interest for future research.
Reduction of food waste is a topic that is high on the agenda, from
the European to the local level. This is a target that has risen in the
past few years. It was not preceded by research, so research capacity
has developed in parallel with policy development and implementation. The basic message is simple: large amounts of food that
could be eaten, is wasted in various parts of the food chain. This is
a wasteful use of resources, including public funds for public meals
such as school lunches and hospital meals. It also has large environmental impacts, including climate impacts. These climate impacts
are not visible in climate statistics at national or local level, as they
are distributed in various sectors (agriculture, industry, transport,
buildings etc.). However, they have been estimated by life cycle
assessment (Scholz et al., 2015; Eriksson et al., 2015). Research is
ongoing regarding systematic approaches to food waste minimization, quantification of waste amounts, environmental impacts and
various. At the same time, efforts are ongoing to reduce food waste
in schools, food retail stores and other parts of the food chain.
Discussions have emerged from time to time on how to integrate
food production and food waste into the Uppsala LEAP model,
but this has not yet been implemented. Various data management
issues are expected to arise in such an endeavour.
In the roadmap, the biogas development was targeted towards
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biomass sources where biogas systems are expected to have a large
positive environmental impact, and where there are few alternatives to anaerobic digestion as energy recovery method. Biogas from
animal manure is a major current priority in Swedish agricultural
policy. As manure has large moisture content and its production
is spread in the landscape, biogas was assumed to develop in the
way that is currently most feasible for small installation, i.e. for
combined heat and power. Today, small scale upgrading of biogas
to vehicle fuel quality is not technically and economically feasible.
However, there is technology development in this field, and during
the time frame modelled, opportunities for smallscale upgrading
to vehicle fuel may become available.
Biochar, charred biomass produced by pyrolysis of agricultural
residues of forest biomass, has been identified as an interesting
technology for sequestering carbon in soils, at the same time as
other benefits such as improved soil fertility are provided. The
biochar research field is growing rapidly and the number of
projects and researchers involved is rising steadily in Sweden as
well. There is also a practical development with farmers, energy
utilities and various entrepreneurs looking for opportunities with
these technologies to contribute to climate change mitigation as
well as improved productivity in agriculture or more efficient
energy systems. The technology has been included in the Uppsala
roadmap and is further explored in an ongoing MSc thesis project
(Isaksson, 2016). Planning and application for funding is ongoing
for a collaborative research project in the Stockholm-Uppsala
region on quantification of climate impacts and other environmental impacts, for potential biochar-pyrolysis projects of interest
for public and private actors in the region. This is a result of the
Uppsala climate collaboration, as well as other research at SLU and
KTH (Ericsson, 2015).
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Hydrogen is being promoted as an interesting energy carrier for
the low carbon economy. Benefits are that it has better storage
properties than electricity, that it provides clean exhaust when
combusted, that it is an excellent fuel in fuels cells, and that it
can fairly easily be converted to and from electricity (although
with considerable heat losses). Toyota is promoting hydrogen
as a preferred energy carrier for the future (Toyota, 2016). The
first hydrogen cars are now available on the market and there is
an ongoing effort to provide infrastructure for hydrogen cars.
Just like electricity, hydrogen is an energy carrier that can be
produced from both fossil and renewable energy sources, so
hydrogen is not necessarily a low-carbon technology. The local
authorities in Uppsala have been approached by various private
actors interested in the establishment of a hydrogen vehicle
fuel station. The roadmap project and the academics involved
were not prepared to give advice on this issue, as hydrogen was
not a technology that had been investigated in the roadmap
project and thus no data or technology assessment were available.
Hydrogen is however now being investigated in an ongoing MSc
project (Isaksson, 2016). This is an example that new technologies emerge, that have not yet been analysed. However, it is
fairly straightforward to analyze the system implications of the
new technologies on the Uppsala energy system under different
future scenarios, using the Uppsala LEAP model.
In this section, a number of technologies of interest for the low
carbon society have been described. They are examples of how
the roadmap model can be used for assessment of new technologies that were not originally included (hydrogen), how technologies assessed and found interesting in the model can be
further developed in other projects (biochar & pyrolysis), how
the model is being expanded with a more explicit geographical
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and land-use – perspective (willow) and how adjacent challenges
could be included, but would require more work as perspectives
and system boundaries do not match (food waste).
Institutional support and limiting factors for collaboration

The model and collaboration was developed most intensively
during a year and a half from the end of 2013 to the beginning
of 2015. Though there is a joint interest from several parties for
continued collaboration, there is no established plan or funding
for the future. Although it has been a very successful collaboration in many ways, there are institutional challenges for the
collaboration. Certain success factors, as well as limiting factors
can be identified:
Success factor: Common interests and complementing competences. Uppsala University and SLU together teach a 5-year
combined BSc and MSc programme n Energy Systems Engineering. These students have an excellent understanding of technical aspects of energy systems at a level of relevance for the
programme, being able to make quantitative and qualitative
models of the energy system as it is now, and simulating various
future developments. They have been able to make useful contributions in the project course Energy System planning as well in
MSc thesis projects (Byfors, 2014; Lantto 2014; Isaksson, 2016).
Having projects defined by, and in collaboration with external
actors such as the local authority and Vattenfall have been a
strong motivating factor for the students, which has increased
their learning in the project.
The research group at SLU, with a basis in biomass and biofuels,
was complemented by a team from Uppsala University with
expertise in energy use in buildings and solar power. Together,
149

these teams have been able to provide the required technical
expertise for the project. The researchers and students have had
the capacity to combine and complete pieces of information from
many different sources, both local information from the various
actors involved, and information from the scientific literature
and national government reports.
Success factor and challenge: the long-term perspective. On the
one hand, there is an opportunity in the transition to low-carbon
society being a long-term endeavour. The public and private
bodies can have the patience for the slow development of knowledge in research and higher education. Having a PhD student
work for some years before delivering results is not a major
problem. The UCP is an excellent format for collaboration, and
its three-year planning period is a cycle that works well with the
time-perspectives of academia.
However, it this long-term perspective, and planning for longer
time collaboration between academia and he local authorities, is
not well institutionalised within the organizations in Uppsala.
There is a need to develop these institutions and formalize the
collaborations, and until they are in place, this work rests on the
initiative of individuals within each organization. There is no
long-term funding for the academic work in the collaboration; it
depends on externally funded projects and educational funding
of students´ projects.
Institutional challenge: collaboration within academia. The
Uppsala low-carbon society collaboration has benefited from
collaboration between various individuals and departments
at SLU and Uppsala University. We share students who study
energy systems from a wider range of perspectives (though
mainly technical and natural science-related) and many of the
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senior academics have working relations across subjects in their
role as university teachers. However, universities are decentralised organizations and it has proven difficult to coordinate
academic competence to provide it to the project and to the UCP
in general. Both Uppsala University and SLU entered the UCP
from the administrative side, with the environmental management as part of the infrastructure and support side of the university. Organizing collaboration across the administrative-academic
divide within the university has proven even more difficult than
crosssubject academic collaboration, as there is stronger need for
top management support, which has been difficult to mobilise at
SLU, mainly due to changes of top management in 2015-16, in
combination with the transfer of a key researcher (C. Sundberg,
author of this text) from SLU to KTH (Royal Institute of Technology) in Stockholm. The opportunities and challenges with
an Uppsala – Stockholm collaboration remain to be discovered.
Institutional opportunity and challenge: funding. There is plenty
of funding for research and for collaboration between research
and other sectors, in the fields of sustainability, as well as energy
systems within the Swedish research funding system, but there
is completion for funding. For good and for bad, the funding is
fragmented on many funders. Many projects require co-funding,
which is more demanding regarding networking and administration, than applying for fully funded projects.
EU-projects are planned in advance and there is limited flexibility as to channelling them in new ways that were not perceived
at the time of application. Horizon 2020 projects international
collaboration and large investment in resources for the application process.
There are European regional strategic funds that in the current
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period (2014-2020) have transition to low-carbon society as one
of their targets areas. Discussions have been ongoing in the
Uppsala and Mälardalen regions on how these can be used strategically for collaboration between various stakeholders, including
academia. An over-arching project aiming at long-term strategies and roadmaps, could be useful to support development and
prioritization of more targeted development projects in various
fields, all together contributing to a low-carbon society.
Efforts to make joint applications, i.e. research projects with
strong external collaboration, can be excellent meeting points.
Researchers are dedicated during the application process and can
be accommodating for concerns and interests from other parties.
However, the intensive application processes are followed by long
periods of waiting for the evaluation of the research proposal, and
the momentum is lost. In case the proposal is not funded, the
resources invested in planning and building the collaboration is
often lost. After having been through such a cycle a few times in
very different constellations, I begin to see this as an unplanned
and unwanted result of the way the system with project application and funding is set up. As researchers are often opportunistic, it is easy to move on to applying for some other project
instead, rather than taking up the lost case and looking for other
sources of funding for the same project idea.
The large variety of sources for funding and the proliferation of
small projects, results in a project landscape of various activities.
This may be good for giving bottom-up initiatives a chance to
grow, but is hardly a way to strategically manage a transition to a
low-carbon society. At least some kind of coordination, so that the
various actors have an understanding of the project landscape that
they are part of, would improve the chances of channelling funding
to projects that can have wider impact for regional development.
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Institutional challenge: the local and the regional. The local
collaboration in Uppsala has worked well, but scaling to a wider
collaboration with a wider impact has proven difficult. Sweden
has a tradition of planning being strong at the local level and
weak regionally. A regional strategic plan is being developed
every four years. In the Uppsala region, it will be decided later in
2016. In preparation for this, a series of seminars and workshops
were held during 2015, to give input to the plan, and to discuss
its aims among various stakeholders. As part of this process,
development towards a low-carbon society has been in focus in
one seminar and integrated into several other seminars, including
the seminar on rural-urban relations. The Uppsala road-map
was used as input into the process and several academic partners
have been involved in the seminars. The regional strategic plan
is guiding document that is supposed to guide strategic investment and development projects.
In addition to this, another regional body, the Uppsala county
board, has an assignment from the national government to coordinate energy and climate issues at the local and regional level.
At the regional level and the Uppsala city level, it is evident
that data support, in the form of statistics of energy use and
related greenhouse gas emissions, are needed. Works has been
ongoing to organize this, as described above. However, the other
municipalities in the Uppsala region are considerably smaller
than Uppsala (up to 40 000 inhabitants) and lack the capacity
to manage their own data and use that as support for planning
and evaluation of actions to reduce greenhouse gas emissions
(Bryntse and Sundberg, 2016).
In total, there are good opportunities for collaboration, in terms
of common interests among various public and private actors and
academia; students with a relevant educational profile; various
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potential funding opportunities; a topic suitable for long-term
academic collaboration and an institutionalized collaboration at
the local level (the UCP). Challenges for collaboration lie at the
less well organized regional collaboration; difficulties in collaboration within universities; lack of stable financing of research
activities and lack of structures for joint project development and
acquisition of projectbased funding.
The model has shown to be a versatile tool for technology assessment and strategy development. It is not just in the numbers
and data it presents that its strength is manifested. It is also a
starting point for discussions around choices for the future development of energy production and use. The model is a basis for
future collaboration between actors who have been involved in
its development. However, it may also be a hindrance to those
who have not been involved. It can play a part in the established
collaboration in Uppsala within the Uppsala Climate Protocol.
It also has potential to be one piece in a future strategic collaboration between academia and the public and private sectors
for the whole Uppsala, or Mälardalen, or Stockholm-Mälardalen
region. At the local level there is a collaborative structure for the
low-carbon society in the UCP. At the regional level, the institutional framework is not yet available.
Conclusion

Cities have been identified as central for transition to lowcarbon
society. Within the city setting, actors such universities, local
universities, public and private companies, can find ways to
collaborate, to develop processes of change, of introduction of
new technologies, of planning for a low-carbon future. But cities
don´t exist in isolation, they are in contact with the surrounding
countryside locally and with neighbouring cities. In this text,
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some results from collaboration within Uppsala on modelling
future scenarios for the low-carbon society have been described.
Opportunities and challenges for consolidating this collaboration, and for expanding it to a wider region, have been discussed.
The transition to a low-carbon society can be helped by models
of local and regional energy system futures and their climate
impacts. Models can give guidance on the ability of certain technologies to contribute to the energy system, and for the combination of technologies in the energy system to provide required
energy services and contribute to long-term climate change mitigation goals. However, wide-reaching long-term collaborations
to support development require not only good models and data
management, but institutional support for connecting stakeholders from various sectors with common interests, developing and
funding projects and disseminating results. Thereby projects can
result in development of knowledge, beyond individual learning
and archived project reports.
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7. INTEGRATIVE RESEARCH AND THE STAKEHOLDER PROBLEM

Nick Winder and Isabelle Winder
Throughout the project’s life, the co-ordinating team (WP1) has
been urging those working with stakeholders to be precise about
who or what their stakeholders are. The advantages of doing this
are three-fold. First, an explicit list of key stakeholders creates
a sense of realism in the project. Many of the stakeholders we
would like to engage with - the general public, say, or multinational corporations, are unlikely to be swayed by our work.
Identifying the stakeholders we can actually reach enables us to
deploy project resources to better effect. The second advantage is
that an explicit stakeholder inventory makes it easier to demonstrate the project’s impacts in an auditable way.
The third benefit of an explicit stakeholder analysis is ethical. In
many problem-domains there are two broad stakeholder communities, the political insiders and the opposition. At a first glance it may
appear that these two are implacably opposed to each other, but
first impressions may be misleading. A detailed stakeholder analysis
often demonstrates the existence of a third stakeholder community
that we may reasonably call the unacknowledged stakeholders. If the
argument is about how best to drain a marsh, for example, nobody
wants to consult the frogs. Attempts to emancipate unacknowledged stakeholders often cause insiders and opposition to come
together, instantly united in their determination to prove that the
outsiders are not stakeholders at all. If the unacknowledged stakeholders are human, they will be portrayed as irrational, feckless,
anarchic or even criminal. If they are non-human, there will be
the usual rhetoric about ‘putting humans first’. If you can bring
unacknowledged stakeholders into the mainstream, the likelihood
of innovation increases dramatically.
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The present writer’s impression has been that those working
with COMPLEX stakeholders have been less enthusiastic about
the task of identifying and characterising stakeholder communities, often for understandable reasons. Some of the contributors
to section I have been working with external stakeholders for
many years and already know who their stakeholders are. Others
quickly realised that the time-constraints imposed on a project
like ours limited the time available for reconnaissance. They
joined pre-existing initiatives or identified stakeholders by a
‘snowballing’ process that uses known stakeholders to obtain
information about and access to unknown stakeholders. These
methods work extremely well in most circumstances, but there
are occasions when something more is needed.
In practice research projects, with their tight time-budgets and
strict lists of deliverables are not congenial environments for
this work, which calls for an open-ended process of trust-building and conflict resolution. A research project, which is a fixed
program of work with a start date, an end date and key deliverables, seldom has the resources needed to pull this off, though
some of our COMPLEX teams have been involved in this work.
Our research in Uppsala and Spain, for example, draws on an
open-ended program of participant observation, trust-building
and advocacy that began before the COMPLEX project and will
continue after the project closes down.
This is a sufficiently important point to justify emphasis. A
project like COMPLEX cannot just parachute in to a region, raise
people’s hopes and expectations, grab some data and run away. To
do so would create an atmosphere of mistrust and hostility. Some
fragile rural environments and depressed urban regions have
become so frustrated by this behaviour that fixed-term research
projects are no longer welcome. If you, who read this report, are
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thinking of working with stakeholders whose cultural or natural
life-support systems are imperilled, we recommend you to follow
our example and recruit partners with a long track-record in the
regions of interest. You should make it clear from day one that
your project is time-constrained and pay special attention to the
project’s exit strategy and legacy.
This chapter will deal with a simplified variant of the stakeholder problem by answering the question:
What is a stakeholder?

The story is told of a climate scientist who visited the Arctic
to meet with key stakeholders – people working in primary
exploitative industries like mining, fishing and herding which
would be influenced by changing climate. In one of these northern towns citizens listened attentively while he explained about
small global temperature rises, their impact on atmospheric and
ocean circulation, ice-melt, sea-level rise and extreme weather
events. At the end of his talk he invited the audience to help him
understand what the impact of these changes would be on their
own lives and was met with polite, but confused silence. He was
a good listener and encouraged them to talk about the problems
that most engaged their own community. They told him their
biggest problem was the lack of young women, who tended to go
south for education and not come back. The sex ratio was hopelessly imbalanced and young men had trouble finding mates.
The process of de-population, it turned out, was subject to a
positive feedback loop. The words ‘positive’ and ‘negative’ should
not be taken to mean ‘good’ or ‘bad’; many positive feedback
loops are vicious. A negative feedback loop occurs when a control
mechanism reverses a trend, as a thermostat switches off a heater
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to prevent a room getting too warm. By analogy, a positive feedback loop reinforces a trend.
As the population of this Arctic town dwindled, the cost of maintaining good ante-natal and paediatric care was becoming harder
to meet. It seemed likely, in the near future, that women whose
labour was not going well would have to be transported long
distances to the nearest maternity hospital. This perceived risk
was accelerating out-migration among young women. Moreover,
the parents of young boys were themselves moving to regions
where the sex ratio was more even, further accelerating de-population. Even opportunities for shopping seemed to accelerate
depopulation. Buying durable goods was not a problem, but
perishable foodstuffs like fresh fruit and vegetables could only
be bought if the cost of hauling it in and the benefits of trading
were met. As the community shrank, there was a genuine fear
that there would no longer be bananas in the supermarket.
These positive feedback loops were having a very negative effect
on morale. Although some of the citizens were naturally interested in research on climate change, nothing they could do would
change the way the climate system evolved - they would have to
adapt to climate change or migrate like everyone else. Consequently, they did not see themselves as stakeholders in any research
project on climate change. A research project on the demography
and economy of Arctic settlements would have been a different
proposition. They could see themselves becoming stakeholders
in that.
This salutary tale illustrates the importance of thinking carefully
about what words like ‘stakeholder’ signify, The COMPLEX
project, for example, could easily write about ‘stakeholders’ in
hand-waving terms; talking about ‘the general public’, say, or
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the energy sector, but to do so would be to exaggerate our own
agency and domain of influence. If we are to work in an integrative way, bringing scientists and external stakeholders together to
create new knowledge, we need a definition of the word ‘stakeholder’ that reconciles our research interests to their concerns.
A common-sense definition would be that a stakeholder is an
organism, individual, institution or ecosystem that ‘has a stake’
in something. That phrase, ‘organism, individual, institution
or ecosystem’ could reasonably be replaced with the indicative term ‘system’ and the definition re-emerges as: A ‘stakeholder’ is a system that ‘has a stake’ in something. The phrase
‘has a stake’ gives the misleading impression of a conscious and
deliberate investment. Many stakeholders are unwilling and
unacknowledged; wild orangutans, for example, are unwilling
and unacknowledged stakeholders in forest clearance projects.
In practice, stakeholders tend to be systems whose dynamics are
influenced by the thing in which they ‘have a stake’. The dynamics of those orang populations, for example, are influenced by
forest clearance projects.
Finally we need to consider what the words ‘something’ signifies
and it is enough to consider the types of ‘things’ in which one
might be a stakeholder. Clearly, the banking system is a ‘thing’
and so is the COMPLEX project, a lottery would qualify and
so too would a business. All these ‘things’ are human activity
systems of one sort or another.
If we put all these ideas together we come up with the following:
If the dynamics of some system Y have been modified by a named
human activity system X, then Y can be described as a stakeholder
in X.
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This definition has two significant implications for the
COMPLEX project: First, it implies that all the scientists working
on the COMPLEX project, together with partner institutions
and funding agencies are also stakeholders in the COMPLEX
project. So too are the NGOs and CSOs with which we consult,
the policy makers and energy companies we work with and
those of our peers who take the time to read our findings. The
size and character of these stakeholdings may vary, but there is
no qualitative difference between a scientist’s stakeholding in
the COMPLEX project and that of the people who attend our
meetings or work with us on a daily basis. Second, it implies that
many of the people, institutions and ecosystems we would dearly
like to influence are not COMPLEX stakeholders. Our project
has had no measurable impact on the ‘general public’, the Great
Barrier Reef, national governments, global warming, or the coal
industry, for example - the COMPLEX project has not re-shaped
system dynamics on these scales.
Like most research projects, the strongest stakeholders in
COMPLEX are the scientists themselves, their employers and
funders. This group of internal stakeholders is followed, at some
distance, by small groups of external stakeholders that the project
interacts with regularly.
Integrative research and innovation

The old distinction of policy makers from scientific experts and
stakeholders is the first casualty of the integrative approach,
which moves the focus of research from doing science for external
stakeholders to doing science with them. Over the last two
decades this focus on doing things with external stakeholders
has come to be described as ‘co-production’, a concept often associated with the Nobel laureate Elinor Ostrom. Indeed, in recent
162

years ‘co-production’ has become a catch-all term that describes a
great range of methods and traditions. Here we will use the word
‘integrative’ to describe the general case and preserve Ostrom’s
term for that specific intellectual tradition7.
Epistemic diversity plays a role in integrative research comparable to that of biodiversity in ecology; it is a source of adaptive
potential and ecodynamic resilience. Many natural scientists find
this idea counter-intuitive and even unscientific: surely, if two
people have logically irreconcilable worldviews, then at least one
of them - possibly both - must be wrong? To pretend otherwise would be to slip into relativism - the error of believing that
that any viewpoint, however absurd or baseless, must be taken
equally seriously. In practice, however, integrative research is
seldom relativistic. Rather, it exploits the distinction, attributed
to Niels Bohr8, of a deep truth from a trivial truth. To contradict a
trivial truth would be to speak a trivial falsehood, but it is sometimes possible to contradict a deep truth and speak another deep
truth. Integrative research deals with deep truths.
Integrative research often creates opportunities for innovation for enabling humans to change the course of history by changing
their minds. Innovation is arguably the single most significant
difference between science in the second half of the 20th century
and that which went before. Pre-WWII science often dealt with
•••
7

Ostrum, E (1990) Governing the Commons

In: Discussions with Einstein on epistemological problems in quantum physics.
Bohr writes of the old saying about ‘the two kinds of truth. To the one kind belong
statements so simple and clear that the opposite assertion obviously could not be
defended. The other kind, the so-called "deep truths," are statements in which the
opposite also contains deep truth.’
8
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hypothesis testing, and philosophers argued about the relative merits of verification and falsification. In post-war science,
however, predictions are commonly used to trigger or encourage
innovations that would make their truth or falsity undecidable.
The COMPLEX project, for example, does not strive to demonstrate the truth or falsity of climate-change predictions; it seeks
innovative solutions to socio-economic problems that will modify
human behaviour in a way that renders the truth or falsity of
those predictions undecidable.
Although integrative science is a product of the later 20th century,
ideas about logically undecidable predictions are not. They are
clearly described in Aristotle’s Posterior Analytics, for example, and
have been discussed under the rubric of ‘Future Contingents9’ for
many centuries.
Jonah’s Paradox, uncertainty and meaninglessness

Elsewhere we have written of two related ideas: Jonah’s Law10 and
Jonah’s Paradox. Jonah’s Law states that humans can only predict the
course of history in respect of phenomena they cannot influence and can
only change the course of history in circumstances where their predictions
are potentially meaningless. Jonah’s Paradox (see Box 1) states that any
attempt to predict the future of an innovative system, even a prediction
based on a perfect understanding of system dynamics and initial conditions,
will generate logically undecidable propositions if the prediction is shared.
Since integrative science is intended to facilitate, or at least understand innovation and innovations create new knowledge that influences human behaviour and change system dynamics, integrative
researchers need to be aware of Jonah’s Law and Jonah’s paradox.
Our predictions are always uncertain and sometimes downright
meaningless.
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Consider, for example, a prediction of the mean summer temperature on the top of Ben Nevis in the year 2500. Categories like
‘mountains’ and ‘temperatures’ are ontologically robust. They
can even use probability methods to get a handle on the level
of uncertainty because the ontology is robust enough to make
it possible to speak of hypothetical populations of mountains
and long-term climate scenaria. Predicting the gross domestic
product of Scotland in 2500, however, would imply that the
polity we call ‘Scotland’ and its economy would still be recognizable 500 years from now. Such a prediction is not merely
uncertain; it is meaningless because a host of innovations could
intervene which might sweep our geo-political worldview aside.
It is not meaningful to speak abstractly about populations of
polities a little like Scotland 500 years from now because human
activity systems can innovate11.
•••

A Future Contingent is a statement of the form: if it rains, there will be a sea-battle
tomorrow. If it rains, we will be able to establish its truth or falsity ex post. If it
does not rain, we will never know whether the prediction was true. Predictions in
the integrative sciences are usually contingent on formal models of natural systems
and current knowledge about human-environment interaction. If humans innovate
in ways that change or refute these beliefs, the truth or falsity of those predictions
will never be known.
9

Jonah is said to have refused a direct instruction from god to prophesy the destruction of Nineveh. His grounds were that the iniquitous population would innovate
- making reparation so that god would forgive them. This would falsify Jonah’s
prophecy. Jonah was so anxious to avoid false prophecy that he ran away to sea where
a storm and passing fish forced his hand. When he finally conveyed god’s message,
it all turned out as anticipated: the people made reparation, Nineveh was saved and
Jonah sulked for days.

10

11
One could argue pedantically that a catastrophic geological event might blow a
hole in the Grampian mountains or that miners might be inspired to destroy Ben
Nevis and that these events would render the prediction meaningless, but the mountain has existed since the Devonian period (400,000,000 years). The polity that is
Scotland has changed a great deal in 4 centuries and Ben Nevis remained a mountain
throughout that period. The probabilities of predictive meaninglessness differ by
many orders of magnitude.
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The distinction of uncertainty from meaninglessness is a rich
source of misunderstanding between the analytical sciences and
the discursive humanities and much of that misunderstanding
comes to rest on the concept of ‘reality’. In study domains like
cosmology or palaeontology, where human agency is limited
and innovation seems unlikely, it may be reasonable to speak
of ‘reality’ as that which is independent of human knowledge
and agency, but even in these disciplines there are at least two
different flavours of ‘reality’ to consider. Material reality refers
to objective, observable things like mountains and cloud-formations, while abstract reality refers to ideational structures,
mathematics and symbolic reasoning.
The tension between rationalist and empiricist views of reality
can make it difficult to integrate the research output of natural
scientists trained in different traditions. Pure mathematicians and
statisticians, for example, tend to have very different worldviews.
The situation becomes even more complex when humanists enter
the team, bringing with them ideas about ethics and consensus.
When humanists speak about socially constructed ‘realities’,
natural scientists often become uncomfortable and accuse them
of solipsism – of believing that Pythagoras’ theorem or meteorites are figments of the imagination. This is as unhelpful as it
is incorrect.
One of the great challenges for integrative science is to stop researchers getting locked into territorial displays about reality. A
defensible strategy for avoiding these squabbles is to accept that
reality is a phenomenon, a bundle of sense-data and ideas that have
been shaped by individual experience, neurophysiology, embodied analytical skills and socially constructed consensus (knowledge). Different people can interpret the same sensory inputs in
different ways. It is a matter of indifference whether you refer to
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those perceptual differences as ‘reality’ or ‘phenomena’ as long as
you understand that they are always shaped by prior knowledge,
and that knowledge really is socially constructed.
Innovations are time-asymmetric; they cannot be predicted ex
ante because they are contingent on knowledge we do not yet
possess. They can, of course, be explained, ex post, with the
wisdom of hindsight. Time-asymmetry is one of the greatest
methodological challenges to integrative research and, ironically, one of its principal strengths. A simulation model that
predicts a catastrophic system collapse, for example, could act as
a trigger for pre-emptive innovation, but it could equally well be
dismissed on the grounds that, as we come closer to the predicted
event, humans will innovate in a (currently unimagined) way
that miraculously avoids the catastrophe.

Integrative research and reflexivity

Stakeholders have a fractal structure. The word fractal refers to
an object in which the same type of pattern is repeated on every
scale. A government agency, for example, is a named community
of organisms whose collective action is influenced by other stakeholders. The same can be said of the community of lobbyists
that represents a commercial sector, the community of migratory
wildfowl wintering in a marshland, or a group of birdwatchers.
Each of these stakeholder communities has a characteristic spacetime scale - a domain of influence, if you will.
Of course we are not saying that each stakeholder community is
exactly the same as all the others; some stakeholder communities
are always co-located in space-time - an individual human would
be a case in point - but many are almost never co-located. The
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fundamental idea is that all are stakeholders in the sense we have
defined and each has a characteristic space-time signature.
Box 1: Jonah’s Innovation Paradox
Professor Jonah, the distinguished political scientist, has built a model which
predicts that Hillary Trump will win the next election because of tactical voting.
Jonah is absolutely correct (the tactical voters really are going to put Trump into
office) and everyone knows Jonah is a brilliant, indeed, omniscient modeller.
Jonah doesn’t favour H.T. but, as one voter among many, cannot change the
outcome of an election. So he takes out an advertisement in the newspaper and
communicates his fears to the population. You are a potential tactical voter. When
you read the advert, you must decide how to respond. Your first question might
be: is Professor Jonah right or wrong?
You know that Jonah can predict the result of the election and that he is
omniscient. It might seem logical to vote as if he were right. Unfortunately, you
also know that he has shared his knowledge with many others. If enough of
these electors change their voting behaviour, then Jonah’s prediction (reputation
notwithstanding) will be wrong and you should vote accordingly. However, if
enough people disregard Professor Jonah, he will have been right and you should
act as if this were so, . . .
As soon as Jonah tells everyone what he knows with absolute certainty, he generates
a potentially undecidable proposition. You have no basis to decide whether the
assertion is true or false ex ante despite the fact that you know he is omniscient and
so was undoubtedly correct at the time he wrote the advertisement. You simply
have to resort to guesswork or wait and see how it all turns out. Of course, if
Jonah hadn’t taken out that advert, the truth of the prediction would have been
ensured, but then H.T. would win the election and Jonah would have failed to
change the course of history.
This is Jonah’s Innovation Paradox

The same organism can often belong to many stakeholder
communities, each with a different space-time signature. An
individual human, for example, can be a member of a religious
community, a civil servant, a birdwatcher, … and so on, and can
switch roles by wearing different stakeholder ‘hats’ in different
contexts12. This role-switching behaviour is largely unconscious
and individuals can flip between roles and culturally embedded
habits in ways that allow them to accommodate logical and
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behavioural inconsistencies. The researcher dedicated to reducing
carbon emissions, for example, may drive a car, take foreign holidays and be a member of a pension scheme that invests heavily in
petrochemical industries. Such inconsistencies are often amplified on larger space-time scales, leading to problems of cross-policy compliance in which well-meaning, habitually embedded
activities in one context frustrate policy initiatives in another.
An integrative research project like COMPLEX is a reflexive
structure; the ontology of the research team reflects that of the
study-domain on which it works. The research team is a stakeholder, a diverse community of individuals trying to and influence
the behaviour of diverse communities of (external) stakeholders,
some of which are themselves trying to understand and influence
diverse (external) stakeholder communities of their own. The
result is a network of fractal systems (hereafter a fractal network),
each of which has its own space-time signature and context. A
wild orangutan, for example, could be a stakeholder in a research
project on the impact of forest clearance, so too are the trees she
lives in, the researchers who work on the orangs, the farmers who
want to work the cleared land, the snack manufacturer looking
for cheap sources of palm oil, the committee that funded research and the politicians and civil servants who control research
investment, and so on.
In general the further one travels along that fractal network, the
weaker the stakeholding becomes. However, a seminal paper
titled the Strength of Weak Ties by Mark Granovetter explains that
•••

The popular literature on fractals is often self-contradictory, suggesting that
fractals are infinitely self-repeating while arguing that material objects like coastlines and trees are really fractals. Trees and coastlines are not infinitely self-repeating.

12
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long-distance, weak stakeholder links may be significant triggers of rapid systemic change. The stakeholders with which a
project has closest links are often locked in to patterns of reciprocal obligation that prevent them taking much-needed action.
Research projects on orang conservation, for example, may have
less impact on politicians than voters and lobbyists. Politicians
experience conflicts of interest that can make it impossible for
scientists to influence them. These receptivity barriers become
manifest as ‘boundary constraints’ that limit the agency of some
stakeholders. Some of those boundary constraints are explicit,
but many are unspoken and unacknowledged.
Powerful stakeholders do not like to be told they are solving the
wrong problem and create a barrier of administrative and political blocking actions that prevent integrative research projects
innovating in a disruptive or inconvenient way. This, in turn,
generates a strong professional selection-pressure that differentially advances the careers of scientists who don’t rock the boat
too much. Institutional vetoes tend to remain in place as long as
institutions are perceived as strong and credible and may even
be tightened in difficult times, leading to social exclusion and
even repression. The great innovation cascades occur when that
hegemony slips, as it did in Western Europe in 1920s and again
in the 1960s and in the nonaligned and Soviet blocs in the 1990s,
tend to create opportunities for mavericks with lots of weak,
long-distance connections and fewer obligations and constraints.
The mavericks posterity credits with great foresight and those
whom textbooks say played pivotal roles in innovation-cascades
are usually part of a wider undercurrent of social change and
re-conceptualisation that was suppressed by institutional vetoes.
After the deluge, those mavericks are feted as innovators and
institutions repair themselves by shifting the responsibility
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onto the old regime. This couldn’t happen today, of course,
because now we have scientific advisors who really understand
how science works - advisors whose credentials have been vetted
by powerful institutions. In this way a new set of institutional
vetoes are created and the stick-slip cycle begins again.
Rival hypotheses or deep truths?

Receptivity barriers do not belong to the domain of the natural
sciences - they are social, cultural and economic artefacts that
limit the scope for innovation. Stakeholders committed to innovation naturally find them frustrating and many are out-spoken
critics of powerful institutions; arguing, in effect, that the world
is going to the dogs, but that everything would be alright if only
institutional vetoes were relaxed and people listened to them.
Institutional actors, of course, see the process from a very different perspective. They believe eco-warriors and activists are
extremists who fail to appreciate how much damage would be
sustained if powerful institutions were to collapse. The phrase
‘too big to fail’, which was heard frequently in the aftermath of
the 2008 crash epitomises this institutional perspective.
One might imagine that an integrative project like COMPLEX
would champion a third way approach - the revolutionary
eco-warriors are extremists and so too are the ultra-conservative
institutional actors, what we really need is a compromise position that lies somewhere between these extremes. However, as
we explained in Section 2.1 above, COMPLEX is open to the
possibility that there is no compromise position. Perhaps the
eco-warrior and the apparatchik are not extremists at all, but
members of different political ‘disciplines’ with different spacetime signatures; perhaps each group is looking at some polarised
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‘deep truth’ from a different perspective; perhaps causality is
complex.
If so, the reason the reformer believes powerful institutions
systematically suppress and veto uncomfortable innovation and
undermine cultural and ecological life-support systems is that
they do. The reason institutional actors think eco-warriors are
disruptive iconoclasts willing to compromise intuitional stability in order to achieve their goals is that they are. The dialectic
tension between these reciprocally coupled cause-effect systems,
each with its own characteristic space-time signature, establishes
dynamic equilibria that hold human activity systems in a familiar basin of attraction. Innovations occur when the balance
between these polarised truths flickers or wobbles in a way that
allows new ideas to infiltrate mainstream thought and new behaviour patterns to emerge.
If both perspectives are true, then the fears and preoccupations
of these two must be taken seriously too. The collapse of great
institutions would indeed be catastrophic. Indeed, we have
ample evidence that this is so; institutional collapse from the
French revolution to the de-stabilisation of established regimes
in Iraq, Libya and Syria have all had unwelcome knock-on
effects. Predictions about environmental degradation, the limits
to growth and the importance of subsidiarity which, 40 years
ago were the preserve of tree-huggers and the lunatic fringe of
science, are now widely accepted by mainstream scientists and
policy makers. Revolution is not an option, and neither is business as usual.
Integrative science requires us to explore the possibility of switching control between these poles and allowing microscale
events to trigger innovations that will change the dynamics of
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the system being studied. Our aim must be to bounce it from a
dangerous attractor to one that is gentler and more sustainable.
Of course research projects have limited influence. Powerful
institutions only become stakeholders in integrative projects on
their own terms and systematically ignore uncomfortable truths.
The same can also be said of reformers and political activists.
Nobody said integrative research was easy.

Complex causality

In the classical sciences causal relationships are space-time invariant, but in complex systems research, the relationship between
cause and effect is linked to space-time perspective. Each
perspective brings some phenomena into the foreground and
backgrounds others. The relationship between cause and effect
is often clear within each of these quasiclassic domains, but may
be reversed or confounded as space-time perspectives change.
Complex causality is not a philosophical construct - it echoes
Niels Bohr’s ideas about deep truths. The only reason it seems
a little odd is that most disciplinary communities tend to keep
these perspectives in separate categories and to defend them from
refutation as if they were trivial truths.
Consider, for example, a limestone catchment. Viewed from the
deep time perspective of geology, it is clear that water movement has cut through rocks to create limestone gorges, fissures
and underground rivers. Surface water redistributed sediments to
create new landscape features. Water movement causes landscape
structures. When the same landscape is viewed on the mesoscale of hydrology, however, it is equally clear that persistent
landscape structures - riverbanks, underground cave systems and
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flood plains, say - constrain the passage of water through the
catchment. The shift of perspective seems to transform cause
into effect and effect into cause. It corresponds, more or less, to
the distinction of geomorphology from hydrology, each of which
brings one of these deep truths into the foreground and backgrounds the other.
Coming down a step further to the micro-scale, we see that the
system can flip from one set of causal structures to another in
response to environmental perturbations and human action.
Indeed, humans often manipulate causal structures, for example
by building dams and harnessing hydro-power, by clearing forest
or abstracting water from the aquifer. Although unforeseen and
unwelcome events occur in hydrogeological systems - flash-floods
are an obvious example - they can be managed by re-shaping
human activity systems in ways that mitigate or accommodate
system shocks by modifying the space-time signature of the
system and switching control between the poles represented by
two deep truths.
Innovative hot-spots often occur in situations where causality is
complex and the three space-time perspectives of Annales historiography can be valorised. There is a deep-time perspective with
one set of cause/effect relations and a synergetic conjuncture,
where cause/effect relations are usually very different and often
appear to be time-symmetric. Finally there is a micro-scale
where narrative chains of events occur, some of which can re-organise the system from the bottom-up by flipping it from one
conjunctural attractor to another.
In the natural sciences, which deal with situations where human
agency is limited, conjunctural attractors can often be characterised experimentally and predicted ex ante. If the power flows, the
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light bulb will emit light, if not, the bulb will be dull. In human
activity systems, however, the new conjunctural attractors may
be contingent on ideas we have not conceived and knowledge we
do not yet possess. The difference is that between metastability
and innovation or, perhaps more helpfully, between uncertain
and meaningless predictions.
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SECTION III

Anticipatory Modelling and Innovation Management
Nick Winder and Isabelle Winder
Some ways of thinking about models are fruitful and some are
not. The idea that a model is a map of reality, for example, is
not fruitful because it draws us into debates about the nature
of reality. After more than two millennia of philosophical argument, the one thing we can say about reality is that people argue
about it. Semiotics, the study of symbols and context, is useful
because it helps us understand why debates about reality get
nowhere.
One of the simplest semiotic concepts is the semantic- or semiotic triangle, a figure that can be developed naively and which
leads quickly to non-trivial problems.
One starts by using it to represent
the relationship between an object,
a symbol and an idea. We need a
simple example. Fido the dog is at
once a physical object, an ordered set
of symbols:
The Semantic Triangle

Fido

and the idea those symbols evoke in the human mind.
That naive form of the semantic triangle can be made a little
more interesting by applying it to different types of word. The
symbol ‘dogs’, for example, represents a class of things of which
Fido is an instance. These category-words are sometimes called
universals - because they represent all the objects of a given type
in the universe and because any statement about a category of
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this type can be reformulated as a statement about the universe.
For example the statement: a dog is a quadruped can be re-formulated as: everything in the universe, if it is a dog, is a quadruped. A
universal is not a physical object and neither is it a pure idea - it
is a sort of hybrid structure.
Every meaningful sentence contains category-words and attribute-words that seem to imply the existence of universals - the
word ‘green’ implies the existence of a class of green things, for
example. Any attempt to define all those category-words leads
to infinite regress. The statement: a dog is a quadruped implies
a class of quadrupeds, which we define as a four-legged mammal
and that requires us to define ‘four’, and ‘number’, and ‘leg’,
and ‘bone’, and ‘mammal’. Meaningful sentences are fractal
structures - they imply the existence of universals which are
defined using meaningful sentences that imply the existence of
yet more universals.
Semantic triangles always imply a relationship between symbols,
ideas and ‘things’. Meaningful statements about things imply
universal categories that suggest unanswerable questions about
the truth or falsity of statements. We who, are trapped in a finite
interval of space and time, cannot examine every dog in the
universe closely enough to establish that it is a quadruped.
Some universals can reasonably be thought of as collections of
physical objects, but many cannot. The set of real numbers, for
example, is not a collection of physical objects; it is an abstract,
transfinite collection of symbol - idea lines. Now this creates a
problem for modellers. Real numbers are not physical, material
objects (though rational approximations to Reals may be) and
yet we tend to think of these abstractions as (in some sense)
substantively real. So perhaps we can’t talk about semantic
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triangles naively, in terms of symbols, ideas and objects, but
must accept that there is some substantive domain to which
those symbols and ideas refer.
Let us now consider the word ‘models’. Clearly ‘models’ is a
universal - a class containing all the models in the universe.
Every model can be represented symbolically and corresponds
to ideas about some substantive thing. Some models refer to
material objects and some do not. In this respect the set ‘models’
is analogous to the set ‘semantic triangles’. Every model can be
represented as a semantic triangle, with a symbolic vertex, an
ideational vertex and a substantive vertex that represents the
‘thing’ being modelled. There are symbols, ideas and substantive
things, which may or may not be physical objects. The mapping
can work the other way too: every semantic triangle is also a
model - a symbolic representation of the relationship between
the domains of ideas, symbols and substantive ‘things’. However
we don’t know enough to say that the sets of models and semantic
triangles are isomorphic because both sets, as we will see, are
logically open.
Every non-trivial model contains symbol-sets that describe things
and attributes of things, which implies the existence of universal
classes that can be modelled. Each model makes multiple recursive references to instances of the class called ‘models’, each of
which makes recursive references to more instances. Any attempt
to bottom that recursive chain out leads to infinite regress. So
there comes a point when you have to stop fussing about the
significance of words like ‘reality’ and do some modelling.
The semantic triangle described above is ‘good to think with’,
but there are limits to its usefulness. Semantics are more or less
static, so you need to understand syntax and grammar and win
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some insights into the way the human mind creates meaning.
Without these, you will not be able to organise and manipulate
symbols or interpret the results. We need to get from the statics
of the semantic triangle to the dynamics of communication.
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9. MODELLING THE MODELLING PROCESS

Nick Winder and Isabelle Winder
This section will develop a generic model of the modelling
process, a task that would be impossible were it not for the reflexivity of integrative systems. These models will take the form of
annotated diagrams. A wide range of diagramming conventions
is used in systems analysis and it
Figure 9.1: a dynamical system used as
may be worth-while to observe
a model of some substantive domain.
The ideational domain is not in this
that these diagrams are to be
diagram - it’s in you.
interpreted cybernetically. The
arrows represent information
flows13.
This diagramming convention
allows us to provide a simplified
representation of a model that
can be applied to computational
and qualitative models without
loss of generality. A model is a
symbolic representation of our
ideas about some substantive
research domain. The act of modelling requires us to develop a
symbolic notation represents the state of the substantive domain
as a collection of symbols. These symbols can be words, numbers,
diagrams or switch-states in a computer.
Every systems model establishes an analogy between two domains
that correspond, more or less, to the distinction of theory from
hypothesis. The substantive domain represents our knowledge or
beliefs about a particular arena of activity. It is usually represented
by a description of system ontology, including an informal inventory of things and categories of things and a state-description at
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some time, t, supplemented with additional information about
the dynamic processes that transform the system’s state through
time. Our knowledge about the substantive domain tends to be
provisional, and modellers are psychologically well-prepared to
revise and up-date these hypotheses.
The theoretical component of a model appeals to knowledge
about a complete genus of systems of which the study arena
in which we are currently working is an instance. Theoretical
knowledge can be thought of as a symbolic domain that allows us
to describe the system as an instance of a general class with its
own characteristic ontology and current system state.
A simple example will clarify. If we write:
Radioactive carbon isotopes decay exponentially
the sentence contains words, definitions and appeals to grammatical knowledge that belongs to the domain of symbols,

•••

The concept of information used here is not that used in Shannon and Weaver style
information theory, which measures information in terms of binary integers. As C
H Wad-dington pointed out in his book Tools for Thought, the telegraph messages:

13

MEET HIGH MARKET TWELVE TEN and MEAT HIGH MARKET TWELVE TON

only differ in two characters and therefore have similar Shannon / Weaver information contents. When one places them in context, however, one is an appointment to
meet at the junction of High Street and Market Street and the other an instruction
to offload 12 tons of rotten meat.
In human activity systems, information is a data-stream that changes the recipient’s
state. A data stream that has no impact is not information. In practice this means
that the data flow itself is often less significant than the interpretive context or
framework the recipient uses to interpret those data.
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but communicates information that describes the substantive
domain. The relationship between symbol and substance is given
meaning in the embodied mind. Meaning is in the mind of the
beholder.
Modellers often appeal to our intuitive understanding of physical
spaces and use it to characterise some abstract and occasionally
difficult ideas. Just as a geo-space is a set of possible locations in
a landscape, so a ‘state space’ would be a set of possible states.
This spatial analogy allows them to harness mathematical ideas
about dynamical systems and use them to build formal models.
In mathematics a dynamical system is a mapping of some ‘space’
onto itself. You can think of that mapping as a symbolic manipulator that receives information describing the system’s state
(location) at time t=n and delivers information that describes its
state (location) at t=n+1. By connecting the output of the information-processer to the input, you can iterate and re-iterate the
program and predict the system’s state at t= 0, 1, 2, 3, … and
so on.
Dynamical systems can be used to simulate a time-series or
trajectory of movements through the ‘state space’ of some system.
Under certain circumstances we can use our spatial intuitions to
develop a rich language that describes types of location in a statespace. An attractor, for example, is a region of the state-space that
tends to trap passing trajectories, while a repellor is an unstable
region that tends to drive trajectories away. A basin of attraction is
a region that funnels trajectories into an attractor. We can even
speak about different types of attractor - point attractors, say, or
cyclical attractors.
Although attractors, repellors and basins are easy to visualise in
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simple geometrical spaces where dynamic trajectories are smooth,
continuous and well-behaved, modellers often use these terms in
more complex situations where it may be impossible to operationalise geometric ideas like distance or curve. The language
of dynamical systems survives the transition to these non-metric spaces, though our spatial intuitions may be challenged and
pop-science books often speak of ‘strange attractors’. The use of
computers is very important when state-spaces get messy and
dynamic processes can no longer be reduced to smooth, continuous curves. Although quite simple dynamical systems may be
analytically intractable, it is often possible to use digital computers to characterise attractors, repellors and basins in complex
systems.
The iterative methods we have described for dynamical systems
can only be guaranteed to work if the state-space is ‘closed’ under
transformation, i.e. if the product of every symbolic manipulation is a location in the same state-space. If you were to input the
state of the economy today and the output named the winner
in a horse-race last week, then the model would be very difficult to operationalise, even with the help of a computer. Classical
systems modelling method requires that the symbolic manipulator maps the space onto itself. This constraint can be thought of as
a boundary condition that restricts our attention to dynamical
systems whose state-spaces are logically closed or bounded under
symbolic manipulation.
However the substantive domains that engage the COMPLEX
project are not logically closed - they are capable of innovating.
In an innovative system, the state-space is not bounded under
symbolic manipulation. The key idea is that our models (symbolic
domain with symbolic manipulator) influence our actions in the
substantive domain. Those actions may have unforeseen conse183

quences that force us to revise our models. In this way, we establish a reciprocal flow of information between the substantive
and symbolic domains that allow them to co-evolve. Instead of
speaking in terms of state-spaces, this approach requires us to
contemplate ‘model spaces’ in which every location corresponds
to a different model and there are reciprocal information-flows
between the substantive, symbolic and ideational domains.

Example 1: DOW as anticipatory model

Stafford Beer14 observed that we humans do not solve everyday
problems by trial and error, for example we do not say to our
children ‘Quick, run across the road. Damn! They died.’ Rather
we run mental simulations designed to help us anticipate and
manage risks or opportunities and teach them how to behave.
The process of developing a model-stakeholder fusion can be envisioned in these terms. Our aim is to negotiate a consensus about
dynamic processes, risks and opportunities. Every model-stakeholder fusion is the product of an ex ante (i.e. forward-looking)
mental simulation that represents stakeholder understanding,
aspirations and concerns.
A model-stakeholder fusion usually relates to a reflexive problem
domain or arena that contains, amongst other things, a fractal
network of stakeholders, some of which are actively involved in
the modelling process. All stakeholders (modellers or not) have,
at their disposal, an unbounded ‘possibility space’ of behaviours
•••
14

(1979) The Heart of Enterprise
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and responses that represent their operational competence. The
model receives information from the arena, processes that information internally and transmits new information to its stakeholders that modify their operational responses. These responses
change the state of the arena, which may transmit further information to the model, triggering another cycle of informationflows.
As explained earlier, models have two domains: a substantive
domain that represents the stakeholder’s current hypotheses about
the arena at hand and a symbolic domain that locates the arena in
a more general theoretical context. In many of the COMPLEX
project’s case-studies, the process of symbolic reasoning is simulated by a digital computer and the statespace the model maps
onto itself is logically closed, or bounded under transformation.
However, the model-stakeholder fusion we describe here represents an arena that contains the modellers, together with other
stakeholders, with each stake-holder community forming part
of a fractal network that incorporates large parts of the system
being modelled.
As stakeholders work on the model, the negotiation process can
change their understanding of the arena in ways force them
to revise the substantive domain of the model and even define
qualitatively new state-spaces. The co-dynamic interaction
between substantive, ideational and symbolic domains creates a
measure of logical openness which implies that some, at least,
of the symbolic reasoning must be carried out by stakeholders
outside the model itself.
Some of our case studies, for example, used participatory modelling techniques in which stakeholders were actually invited
to change the model’s ontology or suggest different types of
185

cause-effect relation. They might be invited to re-draw maps so
as to simulate changes in planning regulations or the effects of
installing renewable energy generators on their own homes, for
example or to perturb the system’s state by imposing a carbon
tax. In this way stakeholders engaged in a process of negotiation,
both among themselves and with the model, that re-shaped both
the model and stakeholder mindsets in real time.
Similarly, the process of writing the Description of Work
(DOW) involved a lengthy program of negotiation with participating scientists. Text would be drafted, evaluated, rejected or
re-drafted until the draft seemed plausible, operationally practicable and scientifically worthwhile. We were not aiming for
an historically accurate description of the COMPLEX project.
Rather, we were running mental simulations, ex ante that would
characterise future threats and opportunities. The finished
DOW was a model-stakeholder fusion that would form the basis
for co-operative action at the next stage of our work.
Fig. 9.1 (above) is an attempt to realise this complex, reflexive
structure in the form of a cybernetic diagram. Whereas, in Fig.
9.1, the model is represented by a symbolic domain coupled to a
symbolic manipulator, the situation in Fig. 9.2 is rather messier.
We have used a dotted line to approximate the model boundary,
which now consists of a symbolic domain linked to a substantive
domain by reciprocal information flows.
Here, as in Fig. 9.1, substantive domain that describes the ontology of the arena together with our best understanding of system
dynamics, threats and opportunities. There is also a more or less
fixed theoretical framework, the symbolic domain. Most computer
models have an internal symbolic manipulator, but some, at least
of the symbolic manipulation, now takes place outside the model.
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The current state of the model is transmitted as information to
the modelling team - labelled ‘Operation’ in this diagram, which
works with other stakeholders in the model’s Arena to interpret
and respond to that information.

Figure 9.2. A Model-Stakeholder Fusion in which operational decisions are facilitated by
gathering information about the state of some system (substantive domain) translating that
information into symbolic form (usually as data) and effecting some analysis. Two vertices of
the semantic triangle - the symbolic and substantive domains - are represented explicitly. The
third vertex - the ideational domain - is represented by you, the observer, though your symbolic
reasoning processes, actions and the arena within which you act are represented by the boxes
outside the dotted line.

Whatever else it may be, a model-stakeholder fusion is much
more complex than the mapping of a bounded state-space onto
itself. The model represents an arena that contains the modellers
and the model itself. As the model is revised and developed,
it changes mindsets among some stakeholders which, in turn,
changes their behaviour and modifies system dynamics. This is
a perfect example of what COMPLEX has been calling ‘complex
causality’. Like the landscape which is created by water move187

ment and also constrains the movement of water, the modellers
use their understanding of system structure to create a model
which changes their understanding, which in turn changes the
dynamic structure of the substantive domain
The ‘model-space’ explored by this model-stakeholder fusion is
logically open and unbounded. That word ‘unbounded’ may give
a false impression. When we use it, we do not mean that absolutely any conceptual model, even irrational or impossible models,
can be developed this way. In practice most of the modifications
made to the model revised hypotheses about the substantive
domain and modified the model’s internal symbolic manipulator.
The Symbolic Domain that represents scientific theory tends to
be much more stable than the Substantive Domain. This means
that the ‘model space’ is unbounded in the sense that stakeholders can use it to innovate, exploring ideas about model ontology
and dynamics they would not have been able to represent at the
outset, but it is not boundless. There is a backstop of theoretical
constraint that contextualises the work. This theoretical backstop is an institutional constraint that limits the project’s agency.
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10. THE DESCRIPTION OF WORK (DOW) AS MODEL

Nick Winder and Isabelle Winder
Although this Section deals with modelling in general, the
model that has most strongly influenced it is the DOW, written
4 years ago to describe the work the COMPLEX project would
undertake, its Milestones, Deliverables and expected impacts.
There are three reasons for this emphasis. Firstly, one of the
writers is very familiar with the DOW, having spent in excess of
2,000 hours negotiating the model-stakeholder fusion and co-ordinating the program of research. Secondly, both writers have
devoted a considerable block of time to the task of dissecting the
theoretical domain of the DOW out and presenting it separately.
The DOW, like all models, is a hybrid structure, with hypothetical and theoretical domains, but the accompanying monograph
on the Behavioural Ecology of Project-Based Science is almost
pure theory. Consequently, the DOW is much messier and more
conjectural than the monograph, which has been extensively
validated and fine-tuned to past experience.
The monograph was the product of more than 25 person-years
research on the applied anthropology of integrative socio-natural
science. Our ideas have certainly evolved over those years, but
the rate of change has definitely slowed. The principal author,
for example, learned most of what he knows about project design
and co-ordination more than a decade ago. Over the last decade
he has learned that cybernetic diagrams are very useful ways of
communicating ideas about project management, that projects
managed to minimise internal conflict seldom innovate, and
that high conflict levels usually destroy trust to the point where
innovation is impossible. Small to medium projects (250,000 2,000,000 €) are much easier to keep within these bounds than
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large ones, in part because work-packages become self-sufficient
and re-searchers have fewer incentives to look outside and in part
because the combinatorial structure of large projects makes it
much harder to service bilateral and trilateral relationships. The
projects on which he worked over that decade were productive
and the theoretical lessons learned were valuable, but theoretical
framework was established early on and has proven stable.
The third, and most important reason, for focussing on the
COMPLEX DOW is that it has passed through two distinct
phases of existence. In the first phase, the DOW was used ex ante
to develop model-stakeholder fusion as described in 4.1 above. In
that phase, the COMPLEX project only existed as a collection of
ideas, aspirations and hopes. It took about 12 months to take the
DOW from inception to negotiation. With 7 workpackages and
17 institutional partners, the DOW is a substantial document
(113 close-written pages) and the process of researching it and
steering it through negotiation was arduous and time-consuming. Since the EUs evaluators awarded the proposal a very high
score and all the partners felt the DOW was an accurate and
workable description of the system they wished to create and
manage, it seems reasonable to describe the finished DOW as a
successful exercise in model-stakeholder fusion.
In the second phase of the work, we switched from an ex ante to
the ex post modus operandi by finalising the DOW and incorporating it into a contract with DG Research and strengthened
with a legally binding Consortium Agreement. Although the
DOW contained a full list of the Milestones and Deliverables
that comprise the project’s boundary conditions there could
no suggestion that the model had been validated. None of us
had worked on the COMPLEX project before, because it hadn’t
existed. All of us were hoping that the project would inno190

vate by finding new ways of thinking about the transition to a
low-carbon economy and new strategies for facilitating that transition. This hope created a non-trivial challenge for the project’s
steering board. How could we distinguish between a project that
deviated from the DOW through ill-luck, poor management or
mission-creep from one which deviated from the DOW because
it was capitalising on an emergent opportunity for innovation?

Boundary conditions

The COMPLEX Model Repository contains one model that
doesn’t fit the standard pattern established by the project. It was
not a computer program or a database or even a formal description
of some process, but a short book titled The Behavioural Ecology of
Project-Based Science15. This book contextualises the COMPLEX
project itself by describing some of the techniques and ideas that
could be used to increase the likeli-hood of success in integrative
socio-natural science.
The COMPLEX project and each of its workpackages are human
activity systems and, as such, reflect (i.e. have the same ontological structure as) the human activity systems they study. The
concept of reflexivity described in the preamble to this volume
can be confusing, at least until you get used to the idea of fractal
networks of systems, each with its own characteristic behavioural
roles and space-time signature, but it is also an advantage. The
•••
15
https://www.researchgate.net/publication/261175321_The_Behavioural_Ecology_
of_Project-Based_Science
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project can be used as a ‘test-bed’ for experiments in innovation-management and integrative research that would be ethically indefensible in other contexts.
A project coordinator can build three or more of these ‘testbeds’ in the course of a decade and curate insights from one to
another. COMPLEX, as we have already indicated, was just such
a test-bed. We have used it to valorise the concept of a model-stakeholder fusion.
COMPLEX maintains a distinction between two types of administrative activity that give our project a Janus-headed structure:
the inward-looking face of the administration-Janus is responsible for the project’s day-to-day management. Management tends
to be responsive, fluid and largely automatic. When a car is being
driven within conventional safety standards, for example, the
skilful driver is managing a continuous process that involves a
complex of small-scale, semi-automatic responses.

Figure 10.1: The Two-headed god Janus
https://en.wikipedia.org/wiki/Janus#/media/File:Janus1.JPG
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The outward face of the administration-Janus looks towards
the institutional context within which the project is located. It
is responsible for negotiating the ‘boundary conditions’ within
which the project will operate. These constraints define the basis
on which the project will be regulated. Regulation is usually organised around auditable targets - objective measures of compliance and system health. On EU projects, for example, the list of
project Milestones and Deliverables, together with the accounting and reporting conventions set out in the General Contract,
and the specific terms and conditions laid out in the Consortium
Agreement provide the regulatory framework for the project.
These boundary conditions set limits beyond which the project
may not go.
The car analogy used above to describe managerial action can be
extended to regulation. A car driven within boundary constraints
is being managed - the ride should feel smooth as the driver and
the vehicle respond flexibly to changing circumstances. However,
if speed increases dangerously or the road becomes slippery, then
the system shifts from a managerial to a regulatory mode as the
driver makes rapid corrections to avoid driving off the road or
drifting into the wrong lane. A process that depends solely on
managerial action is usually safe, predictable and controllable.
When regulatory boundaries are violated, however, unforeseen
consequences are likely and some sort of top-down, hierarchical
action is required. Sometimes these emergents are unwelcome
- like the erratic movements of a car out of control. Sometimes,
however, they are the source of new insights and innovations.
When the boundary conditions are violated, a warning sounds
and the project must be re-oriented. Integrative projects are often
high-risk, high-gain ventures and it often happens that one or
more boundary conditions cannot be satisfied. When this occurs,
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an explicit process of re-negotiation is initiated that sets new
boundary conditions. Key external stakeholders must be involved
in this process. In practice, DG Research maintains a distinction between modifications that can be signed off by the Project
Officer and those which require that the contract be re-negotiated. This effectively sets boundary conditions on the boundary conditions and amounts to a moratorium on some types
of adjustment. In an institutional context the regulator would
be called something grand like: ‘Board of Directors’ or ‘Senate’,
but integrative projects are transient, heterarchical consortia, and
regulators usually consist of a steering group with representatives
of key external stakeholders.
One of the most challenging tasks for a project regulator is that
of distinguishing a research activity that has gone off course as
a result of bad luck or bad management from one that stands on
the threshold of a valuable innovation. The validation problem
is significant here. As explained earlier, each project is regulated
and managed in respect of a discursive model called the Description of Work (DOW). When it was first written, the COMPLEX
DOW was an aspirational document - a model of a projectsystem that did not yet exist, but which we would like to bring
into being. The DOW was a meld of ex post experience and ex
ante aspiration. Those aspirations included the desire to innovate.
Once the proposal had been evaluated, selected for funding
and the project negotiated into existence, the DOW became, in
effect, a decision-support model that would be used as a basis for
managerial and regulatory action. This shift from ex ante aspirational model to ex post decision-support system requires a little
flexibility. If we were to treat the DOW as a well-validated blueprint of what the COMPLEX project should be, we would run
the risk of over-regulating the project and stifling innovation. If,
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however, we were to ignore evidence of unplanned mission-creep,
the project would be rightly judged a failure. A balance must be
found.
For inexperienced co-ordinators these decisions are often one-shot
operations that either go well or go badly. As experience is gained,
however, the co-ordinator develops insights into the research
process that can enhance the probability of a happy outcome.
Some co-ordinators try to avoid conflict at all costs, developing
fuzzy measures of success or failure and working round non-delivery or system failure in the hope that everything will turn
out alright. Others favour sharply bounded, objective measures
and enforce every detail. The present writer’s experience is that
conflict-free projects seldom deliver high-impact results, but that
excessive conflict creates discursive ‘noisiness’ that undermines
trust. In practice, it is helpful to develop general, theoretical
model of innovation-processes based on experience gained over
many similar projects, as we have done with COMPLEX.

Distinguishing mission-creep from innovation

The strategy used in COMPLEX was to mark the transition
from ex ante model-stakeholder fusion to ex post decision support
by imposing boundary conditions on the DOW. The boundary conditions, as we have explained, were pre-agreed, auditable indicators of compliance and system health. When those
boundary conditions were subsequently violated, the hypothesis
represented by the model was taken to have been refuted, and the
project’s knowledge-state changed. The model had to be revised
to accommodate the new knowledge. Usually the effort of revision was trivial - mistakes had been made or plans had failed and
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regulatory action was taken to nudge the project back on-course.
Occasionally, however, an opportunity was found to do things
better and resources were shifted to reinforce the deviation.
Regulators need to devote a little time and effort to distinguishing between careless, unlucky or incompetent system
management and innovation potential. In the latter case, the
violated boundary condition corresponds both to a loss of control
and to a perceived opportunity to do things differently. The recipients of these insights usually experience a strong, affirmative
feedback stimulus that simultaneously changes their understanding of how the system works and what their role in that system
should be. Although epiphanies are often experienced as sudden
insights, they invariably follow an extended period of research
effort and contemplation. That research process probably involves
the formation of new patterns of neuro-connection in the brain.
The Aha! moment occurs when some event activates a cognitive
trigger that brings those new circuits on-line.
The regulator can usually distinguish system-failure from innovation because those responsible for managerial control become
excited and enthusiastic. They start talking about opportunities they had never imagined and completely new ways of doing
things. Sometimes they actually experience an identity-change
comparable to a religious conversion and dedicate part of their
lives to realising this opportunity. Above all, they take possession of the new ideas and demand the opportunity to strike out
on a new track.
When projects run out of control, in contrast, researchers are
more likely to cover their tracks, shift blame and responsibility,
or pretend that everything is going to plan - they haven’t really
gone off course - “Yes, we know that the research schedule says
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we should be doing this, but what we have done is at least as
good”. If the project has run so badly off course that everyone
can see deliverables slipping, they may start trying to negotiate
more resources - they need a little more time, more data, a bigger
budget, another chance, ... next time things will be different.
In most circumstances where boundary conditions are violated,
regulators will select the negative feedback mechanism that
forces the project back on-course, either by clawing resources
back from the failing team or by taking over responsibility
for task management. This negative feed-back, whether it be a
private instruction to ‘straighten up and fly right’ of a formal
Compliance Notice issued under the Consortium Agreement, is
almost always perceived as some sort of punishment. There will
be grumbling, a loss of confidence and trust and, under extreme
circumstances, complaints about the unreasonableness of the
project co-ordinator and project officer.
This negative feedback mechanism always makes the project
harder to regulate and often have unforeseen and unwelcome
consequences. It helps if the Consortium Agreement has real
teeth because uncooperative individuals will usually be overruled by their line managers within the partner institution.
Sometimes, alas, the individuals involved refuse to co-operate
altogether and the regulator must decide whether to tighten the
screws further or write some part of the shared work off. There
is no decision harder than the decision to write off sunk capital
and move on.
Of more interest here, however, are those rare occasions when
a research team encounters an opportunity to innovate and the
regulator needs a backup system - a positive feedback mechanism that reinforces the deviation and allows the team to explore
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a new conceptual model. The wonderful Aha! moment that
accompanies the acquisition of new knowledge provides a sort
of litmus test that regulators can use to distin-guish a potential
innovation from a probable failure. With a potential innovation,
those involved become enthusiastic and ‘take possession’ of the
deviation, arguing persuasively that it should be reinforced and
rewarded.

What does a decision-support model look like?

The resulting model, a decision-support tool included all the
elements of the anticipatory model described above and an additional component that describes and formalises the positive
/ negative feedback switch-state that was activated whenever
boundary conditions were violated. See Figure 10.2.
Whenever Boundary Conditions are violated, information flows
into the box labelled ‘knowledge’, i.e. the team’s knowledge-state
changes and an effort of reconceptualisation is required. That
new knowledge feeds back into the model changing the model’s
location in some abstract space of all possible models. The revised
model can differ in many respects from the model that triggered the reconceptualisation. If the feedback is negative then
a constraint is imposed that eliminates the deviation by forcing
the team back on-track. If a positive feedback mechanism is
selected, then the likelihood of innovation is greatly increased.
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Figure 10.2. A stable decision-support model with boundary conditions. In this diagram the
boxes labelled ‘Knowledge’ and ‘Boundary Conditions’ represent the ideational vertex of the
semantic triangle. The arrows, which represent information flows, show how modelling allows
the three domains - ideational, symbolic and substantive - to co-evolve. The Boundary Conditions can trigger a change in knowledge, which can have knock-on effects elsewhere.
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11. USING THE DOW FOR DECISION-SUPPORT

Nick Winder and Isabelle Winder
Writing the COMPLEX DOW was an exercise we, as a consortium, did together and one might imagine that all those involved
in this process would have the document well fixed in memory.
However, the experience of this project and others has been that
this is not the case. The DOW is often perceived as a hoop-jumping exercise - once we have the contract and the grant, we can
just do our research and everything will all fall neatly into place.
When the project runs off course, those involved tend to take
refuge in their research interests and habits, re-framing their
memories of the DOW to accommodate this drift.
Scientists with little experience of international, competitively
tendered research are particularly susceptible to this forgetting. They understand intuitively that the DOW must promise
high-impact innovative research, but when the pressure is on
to deliver and deadlines are slipping, retreat to laager in a way
that actually reduces the likelihood of a successful outcome. The
more one tightens the regulatory screws, the less safe they feel
and the less likely they are to deliver innovative, high-impact
results.
It is as though research projects have two deep dynamic attractors;
one offers the scientists a great deal of managerial freedom by
pushing responsibility and accountability as far down the delegationchain as possible. The idea is that if people feel safe and free
to experiment, new ideas will bubble up from the research and
some of these will create new opportunities for future action. This
is the heterarchic attractor, characterised by distributed processing.
The second attractor is heavily regulated and hierarchic, with low
trust-levels. It is more angst-ridden, conventional and defensive.
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It would be easy to equate heterarchy with innovation and
hierarchy with paralysis, but actually both causal mechanisms
must be present in all cases. Without strong regulatory action,
the team has too much managerial wriggle-room; the project
will drift off course and quality standards will be low. What
seems to happen is that some unwelcome event (a violated boundary condition) triggers a regulatory response that bounces part
of the project from a relaxed, disciplined heterarchy into a more
hierarchical, defensive attractor and the consortium needs to find
some way of salvaging the situation.
By the end of Period 1 (18 months into the project) boundary
alarms had rung twice and internal quality regulation procedures had been used to re-establish control and get the project
back on-course. Fortunately these problems could be contained
within a particular task-group or WP and corrective action was
duly taken. In practice, regulatory protocols have a strong, hierarchical structure as the co-ordinator, with the backing of Steering
Board members and external funders, puts a task group or WP
into ‘special measures’ designed to bring it back on course. These
special measures are always perceived as punitive. Experienced
internal stakeholders usually get over the discomfort fairly fast,
but less experienced stakeholders often find the experience distressing.
At the end of Period 2 (3 years in), our scientific report was
rejected by DG Research because of delays to WP6 deliverables.
Since WP6 is a mission-critical WP and the triggering event
had been caught by external quality audit, immediate action was
required. The process of redrafting the report became a priority
and arrangements were made for a meeting between the Project
Officer and co-ordinator. Although one has to consider the
possibility that a boundary alarm heralded a valuable innova201

tion, initial indicators were discouraging. There was no evidence
among any of our personnel of a glorious epiphany or of persuasive demands that the deviation from DOW be reinforced, just a
sorrowful acknowledgement that this part of our work together
had gone off-course. Nobody felt a burning need to take possession of these deviations and change the way we worked. Rather
the focus was on emphasising our (very real) achievements and
making the best of the rest.
Regulatory constraints always move a project closed to the
hierarchical attractor, with instructions handed down the chain
from funders to co-ordinator and downwards to WP- and task
leaders. Task- and WP leaders become personally accountable
for non-delivery and their employers may actually be required
to return grants or transfer resources to other partners to make
the shortfall good. It isn’t in anyone’s interests to allow the situation to escalate this way and a decision was made to use our
fourth and final plenary meeting to see whether the project
could be bounced away from that hierarchic attractor towards
a more relaxed, heterarchical configuration in which people
might possibly experience epiphanies and find innovative ways
of carrying the work forward.
Normally with reflexive experiments of this sort, one seeks
informed consent, but in this case we had to be satisfied with
uninformed consent. To tell colleagues that the purpose of a
meeting was to loosen hierarchical control and see whether they
could innovate would create a level of performance anxiety that
might stifle innovation. So the team was invited to consider
using the 2-day meeting in Sweden to prepare an open stakeholder engagement event and individual volunteers were sought
to facilitate that work. There was no shortage of volunteers.
WP6 personnel saw this as an opportunity to get experience
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of work with external stakeholders and get a sneaky look at the
sorts of work WPs 2, 3 and 4 were doing. Others clearly thought
it would be interesting and worthwhile because most of the team
agreed to attend.

The problem

In addition to its regionally focussed case-studies, COMPLEX
was to have specialist workpackages for model development
(WP5) integration (WP6) and Dissemination (WP7). The integrative workpackage would be responsible for building dynamic
couplings between model components, would develop methods
for comparing the output of different models of the same system
and would develop the model-stakeholder fusion. In the latter
case, WP6 would delegate staff to attend stakeholder meetings
and fine-tune modelling efforts. The theoretical conclusions
of this work are described elsewhere (COMPLEX deliverable
D6.4). Our model-stakeholder work generally achieved a very
high standard of integration, but the managerial framework for
this work must be judged a qualified failure. It was sufficiently
good to facilitate some excellent work with external stakeholders
had failed to achieve the required level of integration between
internal stakeholders.
Our problems seem to have stemmed from the following factors:
The regional case-study teams established links with external
stakeholders early on. In many cases they had had long-standing relations with external stakeholders and simply called them
up. WPs that were well-equipped to use formal participatory
modelling methods already had the modelling competence they
needed in-house. It was easier for their own modellers to work
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with their own stakeholders in their own languages than to call
on the resources of a specialist, integrative WP6 because there
would be language barriers and problems of communication to
overcome.
Not all of our regional case study teams were well placed to
co-operate with WP6 on these tasks. WP3 was, in many cases,
the easiest case-study to integrate because it had experience of
work with very diverse external stakeholder communities and
personnel had been using participatory modelling approaches for
some years. WP2 had strong pre-existing links with technocratic
stakeholders and was well used to developing decision-support
models, it didn’t need support from WP6. WP4 was the least
experienced of our case-study teams, with limited experience of
participatory or decision-support modelling.
Although it had long-standing links with external stakeholders,
WP4 had little experience of an integrative approach at project
start-up, and there were differences in the conceptual understanding of the process. There were also initial recruitment problems
which delayed some of the WP4 tasks. At the first stakeholder
workshop held in Period 1, colleagues from other WPs with experience in integrative method participated and offered guidance
and advice. It appeared that WP4 was not yet ready to follow
through in all parts, but eventually experienced personnel were
recruited locally and some excellent engagement work was done.
WP4 personnel who originally were not quite ready, later played
pivotal roles in our stakeholder engagement work, although there
were delays and receptivity barriers to overcome
On a number of occasions the provisions of the DOW were
forgotten. All our regional case-study teams had time-budgets
divided between their own, regional WPs and WP6, but they
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tended to forget or fail to realise that all their modelintegration
work belonged to WP6. This is a common problem in Framework
projects and will probably continue to afflict H2020. Evaluators
and accountants expect consortia to put management and research activities in different WPs, and to have special, over-arching
WPs for tasks like integration and dissemination, but this is
actually a very unnatural and counter-intuitive way of organising
the work. In reflexive socio-natural science, projects can be testbeds for research methods and the distinction between research
management and research method simply disappears. Scientists
working on a regional case-study find it hard to ‘switch hats’
when they move from research activities to integration because
there is no sharp boundary or warning sign:
“DANGER! EXTERNAL STAKEHOLDERS
APPROACHING!”
As a result of this, activities that belonged to WP6, de facto were
not reported through WP6 and that made WP6 look weaker
than it was. Although the WP6 team repeatedly emphasized the
need for inter workpackage integration, and this message was
reinforced by the co-ordinator, close links between the case-study
teams and WP6 were not established. Connections were made
between WP6 and WP3 fairly early on, but other links were
weak; some WP6 deadlines had slipped and boundary conditions were violated. Our second scientific report was rejected on
the grounds that these delays had not been adequately explained.

What were we hoping to achieve?

The purpose of our experiment was to create an environment
that was propitious to innovation. Innovations take a long time
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- it takes time to grow new networks of neuro-connection and
time to capitalise on new ways of thinking and understanding,
but we had an advantage. Our research team had been working
diligently for three years and so had probably developed a few
new connection-patterns. If we could join forces with external
stakeholders who were themselves interested in in the low carbon
economy and create an environment that was safe enough to allow
people to take small risks and stimulating enough to trigger
epiphanies, we might possibly get some interesting results.
We designed our open day of stakeholder engagement around a
set of managerial principles described in our booklet as follows:
It is a good idea to keep people working in teams of like-minded
specialists most of the time, so their shared knowledge-base is robust
and unchallenged; bring them together in small groups; create a safe,
no-blame culture, exclude incorrigible ‘networkers’ and high-profile spectators – they make the team noisier and harder to manage.
Provide opportunities for social interaction with good food and make
sure there is space for break-out sessions. Avoid hedonistic pleasures
like poison.
Focus the group on one or more specific, auditable deliverables. Don’t
bring them together to discuss the problems of child poverty or global
warming, or to decide whose fault it is that public investment in
science has unforeseen and unwelcome consequences. Concentrate
on some small itch that everyone wants to scratch and link it to a
concrete deliverable.
…. Start with social interaction in small groups and negotiate a
shared task for the whole group to tackle. When people come together,
you need them to leave their cultural hang-ups behind and focus on
that shared target. Once that target has been achieved, or substantial
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progress has been made, you encourage delegates to take possession of
part of the shared task and carry it back into their own cultural
home-ranges. Just about the silliest thing you can do is to create a
trans-disciplinary circus and expect people to operate outside those
comfort zones indefinitely. They will fight. There will be winners
and losers.
The COMPLEX team would be given 2 days in closed session
and would work on three tasks:
1. To come up with a list of external stakeholders and make a
plan for managing project legacy
2. To give the modellers on WPs 2, 3, 4 and 5 an oppor-tunity
to brief WP6 about work with external stake-holders
3. To plan an open day of engagement with external stakeholders
Since the strategic aim was to bounce the team from a hierarchic, discipline-based modus operandi into a more heterarchic
configuration, it was decided that the open day would start with
a brief orientation session and then split into parallel sessions,
each organised by a different team. We would have four small
rooms in a facility called Refugium, where teams would have to
compete for the attention of our visitors. The rooms were small
and sufficiently close to each other to allow people to see and
hear what was going on in other sessions and come and go as
they chose. At the end of the open day, we would invite visitors
who had lasted the course to meet with us and tell us what they
thought we should do next.
Some of our partners expressed frank dismay at this format,
fearing that nobody would turn up to listen to foreigners talking
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about European research and complaining that the program
was too risky. They were told that this was an experiment, that
responsibility for any failure would lie solely with the project
co-ordinator, and that if no more than one or two people turned
up, we would go ahead anyway. If necessary, we would invite
a few stakeholders along as participant observers and we, the
COMPLEX team, would stand in as proxy stakeholders at each
other’s dissemination activities. Once this was explained, the
people most critical of the format threw their weight behind the
experiment, actively re-cruiting delegates to attend the meeting
and arranging for a film-crew to be on hand to record the results.
The Sigtuna Foundation created publicity material and plans
were duly made.

How would we know we had succeeded?

To judge the success or failure of an experiment like this, one
needs some explicit goals. Here are some candidates, starting
with the least ambitious and working up.
1. To give WP6 personnel the opportunity to learn more
about case-study WPs and some idea what it was like to
participate with external stakeholders
2. To get enough external stakeholders to turn up to make
the experience worthwhile and to invite those external
stakeholders to join the COMPLEX project as advisors
3. To temporarily suspend the hierarchical structure of the
COMPLEX project and see whether it can self-organise
into a more organic, heterarchical modus operandi
4. To provide all our stakeholders, internal and external
208

with the opportunity to experience epiphanies and Aha!
moments of their own.
5. To focus the attention of everyone present on the needs of
WP6 (Integration) in the hope of clearing the log-jam of
delayed deliverables

How did the experiment go?

The simplest way to answer that question would be to watch the
film we made of the day’s events:
https://www.youtube.com/watch?v=c1mfbM31fsA&feature=youtu.be

In terms of criteria 1 and 2, there is no doubt the day was a
success. WP6 personnel had some valuable opportunities to
see how work with external stakeholders was conducted by
the various WPs and attendance was excellent, more than 20
external stakeholders joined us for the day, including stakeholders from other EU countries and outside the EU.
The first hour or so of the day was broadly hierarchical in
structure, but the break-out sessions successfully disrupted that
hierarchy, with each session developing a momentum of its own.
The co-ordinator was particularly pleased to receive complaints
from scientists that they had insufficient time to visit the other
rooms. Shortly after this complaint was received, the meetings
became much more fluid as scientists and external stakeholders
began moving through the Refugium, talking, arguing and discussing other people’s work. For one day, at least, the COMPLEX
project assumed a more heterarchic configuration. People seemed
to be engaged and having fun.
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We had some evidence of success with criterion 4 too. The closedown discussion (between minutes 34 and 44 on the film provides
ample evidence of external stakeholders taking possession of new
ideas and dedicating themselves to carrying them forward. We
must emphasise, of course, that these epiphanies were not the direct
product of work with COMPLEX, these external stakeholders have
been thinking about carbon emissions over a long period and have
developed new patterns of neuro-connection that prepared them
well for our meeting, but the meeting seems to have provided the
stimulus that brought some new circuitry on-line.
There is also some circumstantial evidence of changed mindsets
within the COMPLEX team, as people have begun to realise that
they have made substantial commitments to the development of
model-stakeholder fusions of their own and started submitting
text, evidence and reports to WP6.
We consider this experiment to have been a success and invite
our peers and evaluators to make their own assessment on the
basis of the film that records our open stakeholder engagement
and the quality of the WP6 deliverables. However we should
observe that this success could only be described meaningfully
in a situation where failure is acknowledged openly.
COMPLEX is not the only project in the history of DG Research
to have had an interim report knocked back for revision. Normally
project co-ordinators write their final reports in a way that draws a
discreet veil over missteps and pratfalls. Scientists who would not
hesitate to report the negative results obtained in a laboratory experiment often find themselves in an uncomfortable position when
reflexive experiments like COMPLEX generate negative results. It
takes courage to take possession of these failures and stay with the
work long enough to learn something useful from them.
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12. THE COMPLEX APPROACH TO INNOVATION MANAGEMENT

Nick Winder and Isabelle Winder
In conventional modelling theory, model-validation is carried
out ex post, using historical data to align a decision-support
model to the evidence. Conventional decision-support modelling has a strong, ex ante perspective as the validated model is
used to predict the future behaviour of the system under a given
policy scenario. COMPLEX has built and deployed a number of
these conventional models. However, we have also undertaken
some participatory modelling exercises designed to negotiate a
shared understanding of system dynamics, opportunities and
threats. Most of these participatory exercises developed simulation models, but this report has focussed on a textual model, the
DOW, which was designed to provide good regulatory control
whilst leaving enough managerial ‘wriggle-room’ to facilitate
innovation.
This participatory approach suggested a slightly unorthodox
approach to modelling theory in which every model has a stable,
conventionally validated theoretical domain and a fluid, aspirational hypothetical domain. Participatory modelling has a clear,
ex ante focus, because its purpose is to negotiate a shared understanding of risks and benefits and system processes that will form
the basis for future action. When the COMPLEX project shifted
from participatory- to decision-support modelling, however, the
focus moved from an ex ante to an ex post perspective as we continually monitored goodness of fit between the model (DOW) and
the reality that was our project. This is an exact reversal of the
pattern described for conventional modelling.
The idea that decision-support models are used ex post suggests
that the term ‘validation’ must have a slightly different meaning
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in innovation-management. A decision-support model has been
validated if the planned co-operative action went according to
plan, and boundary conditions (measures of compliance and
system health) were respected. The call to which we responded
(see Introduction above) was based on the assumption that the
most useful models were those that have been validated, but
the analysis of innovation management presented here strongly
suggests that invalidated decision-support models may actually
have more innovation-potential. Every time boundary conditions
are violated, the regulator needs to decide whether the project
has simply drifted off-course or has found an opportunity to
innovate.
Human activity systems with explicit boundary conditions are
actually rather rare outside the sciences, but they do occur. The
Lisbon process, for example, was a political initiative intended
to facilitate innovation by encouraging European nation states
to increase investment in RTD to a specific target (3% GDP).
When receptivity barriers prevented them approaching this
target, the Lisbon process was ‘restructured’ to allow the process
to continue despite its manifest inability to hit targets.
Scientific research projects sometimes ‘restructure’ in a similar
way, fudging Milestones and Deliverables in ways that effectively
immunise them against embarrassing failure. The later FPs and
H2020 have adopted strong regulatory protocols that discourage
deceptive restructuring efforts. These regulatory protocols are
an integral component of DG Research’s quality management
strategy, but they put research co-ordinators in the difficult position of needing to distinguish mission-creep, which must be
discouraged with a negative feedback mechanism, from potential innovations, which we need to reinforce.
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Every working model has a stable theoretical domain that usually
represents a whole genus of similar systems and a hypothetical
domain that represents a particular substantive system of interest. The theoretical component exists in some symbolic space
and has usually been validated in the conventional sense of the
word - it has been modified and aligned to fit past experience.
The hypothetical domain, of course, is substantive, context-specific and conjectural and, as such cannot be validated historically. The theoretical domain of a model can be the intellectual
property of small group of co-operating specialists as is the case
with the monograph on the Behavioural Ecology of Projects
prepared for COMPLEX, or it can form the foundation on which
a whole discipline or institutional structure stands. In the latter
case, the disciplines and institutions whose survival depends on
those theories are likely to reject any argument that undermines
it. The theory that science-based RTD drives innovation and
economic development, for example, is culturally embedded in
DG Research, and projects are unlikely to be selected for funding
that explicitly challenge it.
The method of boundary conditions described here is an extension of the ‘rational falsifiability’ approach developed by the
philosopher Karl Popper16 who even tried to hi-jack science by
redefining it as the investigation of falsifiable hypotheses. Popper’s
definition simply doesn’t work in policy-relevant science. When
scientists began to realise the seriousness of the threat faced by
global warming, for example, they didn’t log the prediction in an
obscure journal and start gathering the data that might falsify it,
•••
16

(1959) The Logic of Scientific Discovery
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they began a programme of advocacy intended to trigger innovations that would change the predicted course of history. The
political furore that followed about whether the evidence was
strong enough to justify action was, in part, the product of a
power-struggle between institutional actors and citizens and, in
part, a stubborn insistence on applying late 19th century ideas
about the relationship between science and society to the later
20th century science of complex systems.
Although Popper was clearly wrong when he argued that science
always deals with falsifiable hypotheses, he was right to assert
that individual scientists tend to take the mismatch between
hypothesis and evidence seriously. Many of the inconsistencies
in Popper’s argument can be resolved by taking a special interest in the theoretical aspects of scientific work. Scientists acquire
theoretical knowledge by a process of cultural osmosis and tend
to carry that knowledge unexamined throughout their careers.
They often become frustrated with ‘philosophers’ who challenge
those theories. ‘Philosophers’, in this derogatory sense, are theoreticians who make practitioners uncomfortable.
Thomas Kuhn’s seminal work on the structure of scientific
revolutions has given us a slightly confusing term, paradigm, to
describe this process. In his early work, Kuhn seems to have
believed that scientific paradigms are pairs of rival theories - the
etymology of the word suggests things laid out side-by-side.
Later work by interpreters of Kuhnian theory uses the word
‘paradigm’ to describe a theoretical worldview and to speak
about a tension between rival ‘paradigms’. Either way, it is clear
that revolutionary science often involves a process of generalisation that shifts emphasis from a ‘special’ theory that only really
works in a narrow range of contexts to a more complex, ‘general’
theory that includes the older theory as a special case.
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Over the years it has become clear that the situation in the life
sciences and humanities is more complex than that in physics or
chemistry. Darwin’s evolutionary theory, for example, was much
more complex and general than the ‘modern synthesis’ of genetics and Darwinism that dominated the second half of the 20th
century. Throughout that period there has been a lively debate
about whether the modern synthesis was really a narrow, special
theory and there was a need for a more generalised extension.
That debate will probably continue until biologists run out of
non-trivial problems that can be solved using the modern synthesis and a paradigmatic revolution will favour the emergence of
a more generalised or extended synthesis.
Thomas Kuhn will surely be remembered for pointing out
that the theoretical aspects of a discipline’s knowledge-base are
deeply resistant to change and are often retained long after their
‘best-before’ date has expired. Scientific revolutions tend to occur
when younger scientists lose patience with those theoretical
weaknesses and institutions are too weak to resist the demand
for reform. In practice these innovation-cascades are often correlated across political and social domains, creating a stick-slip
dynamic characterised by phoenix-cycles of institutional collapse
and renaissance.
These considerations require us to consider two broad types
of innovation. The first occurs when boundary conditions are
violated in a way that triggers small-scale, local epiphanies. These
lesser innovations challenge domain-specific hypotheses about
the substantive domain, but leave general theories unscathed.
Lesser innovations can be very valuable and significant, with
knock-on effects that result in substantial changes to the ways
we manage the real-world systems of interest. The COMPLEX
project, for example, has successfully participated in small-scale,
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context-specific innovations in the management of intermittency problems in renewable energy generation and in regionally
focussed case-studies in Spain and the Netherlands. Lesser innovations are generally very welcome among project stakeholders
and are usually applauded as evidence of high impact research.
The second type of innovation occurs when the theoretical or
symbolic domain is tested and found wanting. Theoretical
models have been extensively validated and are stable conceptual structures reinforced by custom and habit. Often there are
profound conflicts of interest, and influential players will try
to explain the evidence away or discredit prospective innovators. Innovators who punch their way through these vetoes and
successfully challenge well-validated theory may trigger cascades
of innovations that effectively undermine institutional powerstructures, generating irreversible changes in many socio-natural
systems at the same time. The economic collapse of 2008, for
example, undermined institutional theories about the trade in
risk, money supply and economic management. At the time of
writing, institutions with strong vested interests in those theories
are mounting a strong rearguard action designed to ‘restructure’
conventional financial and economic models, but political and
scientific opposition is building. An economic innovation-cascade
seems increasingly likely.

Phoenix-cycle or pre-emptive innovation?

This report is intended to be read on two levels; first as a
description of a practical reflexive case-study that used the research team as a test-bed for experimental research on modelling
and innovation-management, and second, as a description of a
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general class of innovation-related problems that block progress
towards a sustainable, low-carbon economy and place institutions in a vicious bind. An institution that has become locked-in
to a particular theoretical model can be a powerful obstacle to
innovation. Key institutional actors feel beleaguered and threatened by outsiders who see those institutions as inert, inept and
dangerous. Both parties are locked in a vicious bind: neither will
feel secure until a blocked innovation-cascade has been released,
and that sense of insecurity reinforces receptivity boundaries and
reduces innovative wriggle-room.
They can’t innovate till they feel safe and won’t feel safe until
they have innovated.
In a complex problem-domain one has to take proper account
of the histories that could have happened, but did not. Some of
those possible histories would have been contingent on knowledge we did not develop and patterns of resource exploitation
we did not explore. They would have been qualitatively unlike
the history we are familiar with in ways we cannot even imagine.
Indeed, one could argue that a simulation model that slavishly
tracks one, and only one, history - the history that actually
happened - has been invalidated in the sense that it is constitutionally incapable of representing non-linear system flips, innovation and irreversibility.
The COMPLEX approach to innovation-management has shown
itself to be capable of facilitating some of the lesser innovations
that challenge the hypothetical domain of a systems model, but
has so far had no measurable impact on general theory. Scientific disciplines and institutional stakeholders have the ability
to block and veto findings that undermine their own stability
and conventional wisdom. However there have been occasions
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in recent decades when institutional receptivity barriers crumbled and innovation-cascades occurred that changed the course
of history irreversibly.
Sometimes these innovation-cascades arose through a peaceful
shift in consensus, as one generation of powerful individuals died
and was replaced by another. On other occasions geo-political
catastrophes, wars and economic crises brought powerful institutions to the point of collapse. Citizens became frustrated with
the status quo and a cascade of stalled innovations was forced
through. Some, but by no means all of these innovations were
scientifically significant. Cause-effect relations in these phoenix
cycles are clearly complex. Institutions that, in periods of geopolitical and economic stability were able to constrain individual
agency became weakened and were eventually forced to give
ground by a rising tide of small-scale demands for reform. Dissidents and criminals sometimes became establishment figures as
institutional checks and balances were swept away. Often there
was an element of vengeful ‘score-settling’ and many instances of
injustice and unforeseen consequences.
Great phoenix-cycles seem to run on a ragged, 50-year, Kondratiev period. The dreadful recession that followed the end of the
Napoleonic wars and culminated in the failed ‘birth of nations’
revolutions of the late 1840s led, in the 1860s, to the emergence
of the modern nation-states, democratic reforms and an innovation-cascade that gave us Darwinian theory and modern social
science. The ‘Roaring 20s’ at the end of the Great War gave
us near-equilibrium ecology and universal suffrage and allowed
quantum uncertainty to make it onto the university curriculum.
The ‘Swinging 60s’, after WWII, was the period when the study
of ecological complexity became scientifically respectable. If
that Kondratieff pattern is maintained, then Europe should be
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right in the middle of a major geo-political catastrophe that will
shortly lead to a scientific renaissance.
There are certainly parallels between the situation in Europe
today and that in the run-up to the two world wars of the 20th
century. Although institutional economists claim we are back
in growth, the poorest and middle classes are not experiencing
the benefits of this growth. Supranational institutions and trade
agreements are increasingly viewed with suspicion as attacks on
national sovereignty, and the refugee crisis Europe faces is clearly
out of control. A vocal minority on internet and social media is
claiming that World War III has already begun and is looking
for individuals and institutions to blame for that war. Mr Tony
Blair and Mr George W Bush are popular choices, as are financial
institutions, political economists, politicians and civil servants.
These are the sorts of situations where the ‘rare but potentially
catastrophic events’ mentioned in the opening paragraphs of this
report can cause rational policies to have ‘undesirable and unforeseen consequences’. If this occurs, institutional vetoes will slip
and an innovation-cascade, comparable to those of the 1860s,
1920s and 1960s is likely. Future historians will doubtless be
interested to know whether 21st century institutions innovated
pre-emptively to avoid the conflagration, as they did in the
mid-19th century; or whether they ploughed through a complete
phoenix-cycle of conflagration and renaissance, as they did twice
in the 20th century. Either way the conditions for an innovationcascade seem to have been met.
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