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1. Editorial Introduction
This Volume, prepared within a few months of project closedown, is to provide an
introduction to our project’s work on pathways to a low carbon economy, rapid
systemic change and stakeholder engagement. Inevitably, such a report will be ‘work
in progress’ and I apologise for any inconvenience caused by clumsy expression,
inconsistencies in style or referencing, or typographic errors. It can take many
months to nurse a paper through several drafts, steer it through peer review, prepare
and check proofs and get it into good journal. We thought it more important to create
a publicly accessible archive of preprints and drafts than to delay communication
while we polished our wares, some of which will be hidden behind journal paywalls.
This report follows the project’s workpackage structure insofar as it can. COMPLEX
had 7 workpackages. WP1 was managerial and reported directly to DG Research. It
dealt with human resources, deliverables, finances and ethical oversight.
WPs 2, 3 and 4 were regionally-based case-study workpackages, all of which worked
with external stakeholders to explore pathways to a low carbon economy. These
three WPs could, in principle, have been mounted as ‘stand-alone’ projects. WPs 5
and 6 were cross-cutting task-sets. WP 5 built models of the climate-energy-economy
nexus. WP 6 dealt with all aspects of integration, from coupling models, to linking
model inputs and outputs, to participatory modelling (working with external
stakeholders to formulate models).
Workpackage 7 dealt with information transfer and project legacy. As the project
developed, WPs 5, 6 and 7 naturally came closer to each other and to the case-study
WPs. This convergence was planned and we worked hard to achieve it. However we
have tried to tease them apart again fir this volume so readers will understand more
about the processes involved in integrative research.
The main body of the text is organised into six sections, most of them corresponding,
more or less, to a project workpackage. There is inevitably some overlap between
these workpackages, but most of Section 2 deals with Workpackage 2; most of
Section 3 with Workpackage 3, and so on. Section 5, however, combines material
from WP5 and part of WP6 and Section 6 combines the rest of WP6 with WP7. Each
section contains one or more ‘policy brief’ addressed (implicitly or explicitly) to a
recognised stakeholder community. Each policy brief is prefaced with the words ‘why
it matters’. Some of these briefs take the form of glossy brochures that have been
distributed or circulated to external stakeholders, others are abstracts of
presentations or reports written for stakeholder communities or preprints of articles
published in scientific and technical journals or discussion documents.

1.1 The Call
The COMPLEX project was mounted as a response to a competitive call to develop
“Advanced Techno-economic Modelling Tools for Assessing the Costs and Impacts
of (climate) Mitigation Policies”. Our project was funded to create new modelling
infrastructure and methods that would help Europe make the transition to a low
carbon economy. However the call text was unusual in that it contained the following
words:
“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
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difficulty to represent non-linearities, thresholds and irreversibility. Re- search 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 stake-holders is highly recommended.”

This suggested 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. 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.
We wrote our research proposal on that understanding and were pleased and
gratified that the evaluators selected our project for funding. One of our priorities has
been to develop new ways of understanding and managing rapid, irreversible
systemic change. Non-linear, irreversible change is commonplace, so one might
reasonably ask why we need special modelling tools to handle it?
We do indeed have some excellent models of rapid systemic change, many of them
describing natural systems. To understand how they work, it is useful to introduce
some key ideas. Systems analysts often describe rapid change as ‘non-linear’. In
‘linear’ dynamics small differences between the values of control variables usually
have little effect on the outcome. With non-linear systems, however, small differences
in the values of control variables can have very large effects.
An atomic power station is a non-linear system. Small masses of radioactive material
release small amounts of energy as isotopes decay. The more radioactive material
we bring together, the more energy it produces. However, there exists a ‘critical
mass’ beyond which the system flips into a self-reinforcing dynamic, generating huge
releases of energy. Nuclear power stations work by managing the system very
precisely in the vicinity of that critical threshold. If the critical mass is never reached,
then the power station will not produce power. If the control mechanism fails, as it did
at Chernobyl, the reactor can melt down.
Physical and chemical systems can be engineered in ways that make these
thresholds manageable, but the situation with ecosystems and human activity
systems is much more complex because the science and the system co-evolve.

1.2 What’s special about human activity systems?
The difference between human activity systems and natural systems has to do with
equifinality and innovation. I illustrate with some familiar examples:
An insect like a cricket passes through a number of moults each of which creates a
rapid burst of growth. The animal has a hard external skeleton, which it must shed in
order to grow. The process is non-linear in the sense that small variations in
physiological variables trigger a rapid spurt of growth. It is also irreversible. However,
it is relatively easy to model because much of the animal’s morphology (form) and
physiology (dynamic processes) are conserved through successive moults. A
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butterfly, in contrast, ends its larval phase with a critical period of morphological and
physiological turbulence and emerges as a qualitatively different type of system.
This gives us a spectrum of non-linear transformations to consider. The extreme
points on this spectrum can be described as conservative and non-conservative. A
perfectly conservative transformation would create a non-linear step-change, but
would do so in a way that preserves the underlying structure (morphology) and
process (physiology). The new system might be bigger, or larger, or a different
colour, but its structure and dynamics would be unchanged. At the other end of the
spectrum, an extremely non-conservative transformation would create a system with
a qualitatively different form and processual structure.
The extreme points on this spectrum are so rare they can safely be ignored. Realworld science deals with non-linear transformations that are imperfectly conservative.
Indeed, politicians, philosophers and historians often spend a lot of time arguing
about where, on this spectrum of continuity and change, a particular transformation
should be located, and these arguments often generate a lot more heat than light as
the protagonists explore the paradigmatic tension between conservative and
reforming tendencies. Scientific approaches to human activity systems often founder
on these arguments as political factions argue about whether human activity systems
are (or should be) governed by principles of continuity or change.
The idea we want you take home from this introduction is that both types of nonlinear dynamic are found in human activity systems. Sometimes human activity
systems leap from one state to another in a non-linear way, but much of what we
knew about the morphology and physiology of the old system is still true in the new.
Sometimes human activity systems pass through a period of turbulence that changes
them almost beyond recognition. The evidence that this can happen is
incontrovertible; we are no longer dependent on palaeolithic (Old Stone Age)
technologies and mindsets, for example.
Arguments about continuity and change often reduce to different time-perspectives. It
is obvious ex post - i.e. with the wisdom of hindsight - that the transition from hunting
and gathering to agriculture was possible and, under certain circumstances, even
likely. However it is far from obvious that hunters and gatherers, viewing the
transition ex ante, would have had any idea where human activity systems were
going or have any need of systems concepts at all. Non-conservative system-flips are
understood backwards, but are experienced forwards1.
Unlike human activity systems, insect life-cycles are equifinal - we can make lots of
observations of caterpillar end-states, ex post and use inductive reasoning to
generalise from that ex post knowledge, to caterpillars that have not yet hatched.
Although much of what we know about the morphology and physiology of the
caterpillar doesn’t apply to the adult butterfly, we can develop two scientific models,
one of which works for the caterpillar and one for the butterfly. If we are clever and
gather the right data, we may even be able to model the turbulent transition between
these states and even learn to manage them to our own advantage. This is possible
because we can use inductive reasoning to generalise from past knowledge to future
circumstances and guess where the system is going to end up.

1

This sentence paraphrases a famous statement made by the philosopher Søren Kirkegaard
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Equifinality and inductive reasoning enable scientists to blur the distinction between
the ex post and ex ante perspectives and manage non-conservative system-flips. It is
the foundation on which a great deal of policy-relevant science is based. It can only
be done reliably when the system at hand belongs to a statistically large, wellunderstood category of similar systems. The method provides no leverage at all if the
system we are studying is unique. COMPLEX has been working to develop methods
and modelling tools that can be applied to systems where the principle of equifinality
cannot be defended, even as a working hypothesis.
The ‘morphology’ and ‘physiology’ of human activity systems is determined by habits,
beliefs, scientific knowledge, patterns of social exclusion, institutional constraints and
geo-political power-struggles. While political factions are arguing about continuity and
change and the differences between the way the system is and the way the system
should be, policy-relevant scientists are creating new knowledge and engaging with
broad stakeholder communities. In so doing, we generate even more turbulence. The
equifinality principle simply doesn’t obtain in these situations because we cannot
anticipate the effects on human activity systems of knowledge we do not yet possess
and dynamic processes we have not yet had the opportunity to study. Human activity
systems are not equifinal, they are innovative - we humans can change the course
of history by changing our minds.
Scientists are not the only group capable of triggering innovations that, in periods of
systemic turbulence, can drive rapid systemic re-organisation; all human activity
systems can do this, but the potential for innovation and the existence of geo-political
turbulence create a range of ethical, theoretical and methodological challenges.
Whereas conventional research teams try to maintain the distinction of science from
politics, COMPLEX, with the generous backing of DG Research, has been pioneering
a high-risk, high-gain strategy that has required us to selectively weaken this
boundary and develop scientific tools that provide leverage in periods of systemic
turbulence. Our project’s name, COMPLEX, is not an acronym, but an adjective. The
climate / energy / economy nexus is a complex system.
Further information about our work with stakeholders can be found in Section 6 below
and our final scientific report Volume 1 (Towards a Model-Stakeholder Fusion).
Volume 2 of that report deals with Non-Linearities and System-Flips. The value and
policy-relevance of our modelling infrastructure will be established (or not) by the
corpus of case-study work that emerges over the coming years. We originally
planned to produce a single volume (Volume 3; Establishing Policy Relevance) of
applied and policy-relevant case-studies by the end of the reporting period. In the
event, Volume 3 became so large we were obliged to prepare two sub-volumes, 3a
and 3b, both of which are available on the website.
This Volume - Volume 4 - completes the set by providing an executive summary of
the project as a whole and pointing the reader towards relevant reports and
deliverables available on-line.
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2. Climate Related Energies (WP2)
Workpackage 2 has focussed on an interesting feedback cycle that connects the
climate system to renewable energy sources. We are all familiar with the idea that
fossil fuel consumption can change the climate, but there are other sources of energy
whose yield and intermittency patterns are themselves shaped by climatic factors. If
the wind fails to blow, the sun fails to penetrate or the rivers run dry, some ClimateRelated Energy sources (CREs) may be interrupted. The transition to a low carbon
economy will necessarily involve a shift to renewables, some of which are CREs, and
hence sensitive to climate variability. Further information about the work described
below and a complete set of references to supporting literature can be found in
Volume 3a (Section 1) of our Final Report and the Annexes to Section 6 of the
present volume.
Facilitating the decarbonisation of the European electricity system is a complex
process. On the one hand, this process is embedded in multi-level legislation, market
rules, economic and technological constraints, private initiatives and public interests.
On the other hand, it must also consider the multiscale climate and environmental
variability governing CRE resources (Engeland et al. 2017 for a review). CRE
integration in the energy mix potentially conflicts with land and water use as well as
environmental regulation (François et al. 2014a, b). From a European policy
perspective energy logistics, how and where to produce, transport, store,
complement, sell and buy these renewable energies are critical questions. Answers
must be guided by a robust knowledge of where and how climate-related energy is
available in regard of energy demand. The tools and models, developed within WP2,
mainly focused on this point.
Projections of past and future CRE were assessed based on either Global Climate
Model (GCM) outputs or on locally more refined values from downscaling techniques
that link GCM variables (called predictors) and local climate variables that serve as
inputs for CRE modelling. The confidence in a CRE projection is related to the
confidence in the values of the corresponding GCM outputs or predictors. The
performance of various CMIP5 models (Coupled Model Intercomparison Project) in
simulating variables of CRE interest – the statistical properties of daily mean sea
level pressure fields over the 1950-2005 period in a first step – has been assessed
by attributing weights to each GCM through a Bayesian framework developed within
WP2 (Renard et al. submitted). Taking the Twentieth Century Reanalysis (20CR)
data as a reference, results show that, for any chosen observation uncertainty level,
the weights of the various GCMs vary markedly but smoothly across 12 European
regions.
We built CRE-Prospector, a support tool for multi-CRE resource analysis. It analyses
the balance between energy demand and climatic energy resource by exploration of
present and future climate databases. Over local, regional, national or continental
areas CRE-Prospector simplifies the elementary functions of an electricity system
feeding a significant part of the demand with renewables. The generation converts
meteorological and hydrological input variables like wind speed and river discharge
into energy by integration over the area at a chosen time step. Inputs are either
observations, reanalyses or GCM downscaled data. WP2 developed SCAMP, a
statistical tool preserving the correlation among the downscaled input variables (see
Figure 1 and Raynaud et al. 2016 for further details).
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Figure 1: Scatterplots of seasonal Pearson correlations associated with each predictor and couple in
reference data (X-axis) and in downscaled regional series (Y-axis). Correlations are obtained from
daily time series and are displayed for winter (DJF, ellipses symbols) and summer (JJA, rectangle
symbols). The size of a given ellipse (respectively rectangle) corresponds to the 95 % confidence
interval of the correlation coefficient estimation.

Atmospheric temperature and differences between weekdays and holidays modulate the
electricity demand in CRE-Prospector (see e.g. François et al. 2016a, b). Transmission is
assumed perfect over the area and bulk storage is sized as a fraction of the mean demand of
the area. The simplification of the electricity system helps with prospecting possible steps of
a transition to a renewables-only model. Its main merits are the variety and the
transparency of the results. It allows, for instance, the rapid exploration of extreme but
plausible technological scenarios (production, transmission and storage) that can be far from
the current system state (François et al. 2015). We used CRE-Prospector for analysing the
natural satisfaction of the demand (penetration) and the volatility of the energy balance. The
penetration is a key investment performance factor while the volatility indicates either the
need of standby energy backup and transport or the need for demand flexibility. We used
CRE-Prospector over 12 regions across Europe for mixes of run-of-the river hydropower with
solar and wind power (François et al. 2016-a) and for exploring energy penetration
sensitivity at low climate frequency along the energy transition process (François 2016).
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2.1 Matching production and consumption – toward “Prosumption”
The smoothing role of electricity transport, if extended to production variability, changes the
conventional base-load logic. The present clear distinction between consumers and
producers is blurred by the emergence of “energy prosumers” at various levels ranging from
households equipped with individual PV panels to larger communities or industries sharing
more important CRE production means like wind mills or micro-hydro plants. At these
various levels each prosumer will try to manage their own local production-demand balance
and will connect to grids with the hope of finding backup supply and export opportunities.
For instance, PV prosumers start to shift their load into sunshine hours, thus dealing with
fluctuations locally. The myriad of possible prosumer groups will give many possible stable
structures of transmission grids and storage facilities.
The multiscale-multisource availability of climate related energy hence reshapes the socioeconomy of production, consumption and “prosumption”.
The transition to a renewables-only model will jump from one structure to the next one
depending on production and consumption initiatives at multiple levels that all mobilize
climate characteristics considerations and the subsidiarity principle– what is the most
appropriate level to balance production and consumption - hence the multiscale
investigations on the potential CRE-demand balance reported in the following sections that
should help to anticipate possible transition jumps. Integrating renewables adds
uncontrolled variability in the management of electricity systems.

2.2 European regions are not equal in terms of CRE potential
The integration of renewables is not equally easy across European regions if we consider for
instance that the percentage of consumption naturally satisfied by the renewable
production may vary from 60% to almost 100% (Final Report, Volume 3a Section 1).
Our exploration with CRE-Prospector concerns 12 regions of ca. 40000 km2 in Europe and
North-Africa. As illustrated on Figure 2, these regions show marked differences in the
seasonality of the different sources and in their cross-behaviours – solar and hydro are for
instance in phase in Italy and in opposition of phase in England. Wind has the less marked
seasonality even with a Europe-wide minimum in summer.
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Figure 2: Normalized inter-annual cycle of CRE power generation. Solar- (red), wind (black) and Runof-the river hydro- (blue) power and load (green) in each studied region for the 1980-2012 period.
Light shaded areas show the distance between the 25th and 75th percentiles of the variables obtained
for the period for each calendar day: the x-axis gives the initial letters of the months of the year: the
value of each variable on the y-axis is given in percentage of the average load (François et al. 2016a).

The results of CRE-Prospector bring a new vision of multi-CRE potential in regard to the
literature reviewed by WP2 (Engeland et al. 2017). European regions have unequal ease of
CRE integrability with the best penetration rates increasing from ca. 80 to 95% from North to
South and marked differences in the best way to mix the three technologies. Hydro favours
CRE penetration in a significant proportion of regions all across Europe. Transition is not a
smooth process with performances substantially changing with mix scenarios beyond a rate
of CRE generation of 50% of the demand (i.e. for ɣ value higher than 0.5 on Figure 3). Transition
conditions are different from region to region. Our results on the system balance can be
symmetrically interpreted in terms of demand flexibility.
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Figure 3: Evolution of the penetration rate (percentage of supplied load, %) with the CRE equipment
level (ɣ) for Galicia (Spain) and Norway and for solar (red), wind (black), hydro (blue) CREs and for a
given energy mix (60% wind, 40% solar, orange). The equipment level ɣ is given is expressed as the
ratio between total generation and load (e.g. ɣ equal to 1 means that generation covers on average

the demand over the studied period) (François et al. 2016a).
Scenarios with close to 100% renewable energy in Europe are now typically dated for 2050
(European Climate Foundation). Due to the intermittent nature of wind, river and sun power
at all space and time scales, they involve challenging issues (François et al. 2014; Engeland
et al. 2017). At 2050 horizon, “extreme but realistic” scenarios of grid development oscillate
from local generation to global connection through European Electricity Highways. Deciding
at what level to generate, store and backup energy is a subsidiarity problem that needs to be
supported by new climate engineering tools able to explore intelligibly the mass of climate
data.
Other than nuclear energy, decarbonisation of the European electricity systems means
moving from geological resources to climate resources. Climate variability has different
temporalities and spatialities to geological variability. Its range of time and space scales
overlaps human activity scales making the access to climate related energy intermittent and
ubiquitous while geological energy is, to the contrary, scarce in space and constant in time at
human terms. This deep difference is at the root of many concerns about electricity systems
expressed by the stakeholders we met.

2.3 The present
hydropower

state

and

the

potential

development

of

Rivers integrate weather variability through their basin and branching structure. Natural
river flows are less variable and more predictable than their meteorological drivers –
precipitation and temperature essentially (François et al., 2017). With its ability to produce
and store energy (François et al. 2015), hydropower holds a specific status in the context of
energy transition and renewable energy targets. Our view is that hydro is to be considered
as a CRE like wind or solar (François et al. 2014b). Although models simulate rather well
hydropower generation from a given catchment, its interaction and complementarity with
others CRE are still poorly represented. Modelling results show performance degrees ranging
on time scale and hydrological regime (François et al. 2017c).
In addition to the works covering the 12 Europeans regions, we illustrated the role of
hydropower through two regional case studies – Northern Italy with an active development
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of micro-hydro projects (François et al. 2016b, François et al.2017b,c) and Mid-Norway, a
region of energy deficit in the hydro dominated Nordic Pool (François et al.2017a).
Considering the natural run-of-the-river energy, i.e. ignoring storage effects, we showed that
adding hydropower almost doubled the amount of demand satisfied compared to only solar
in Northern-Italy (43% to 72%) (François et al. 2016b). Conversely adding wind power
generation to the hydro-electricity system of Mid-Norway proved to be almost 100%
efficient and to solve the winter deficit problem (François et al. 2017). Under present climate
conditions, the Mid-Norway energy deficit is about -70 GWh showing a reduction of 65 GWh
resulting from the projected equipment (i.e. wind power and transmission projects).
We also considered climate change effects in these regions. In the case of Mid-Norway, the
system sensitivity to climate variability (natural and forced) proved to be lower than its
sensitivity to technical developments like wind power reinforcement (François et al. 2017a).
In Northern-Italy we showed that the risk of investment should the climate change largely
depends on the CRE mix. The penetration of hydropower may increase in mountains or
decrease in plains, depending on the hydrological regime (François et al. 2017b) (see Figure
4).

Figure 4: Evolution of the penetration rate (PE, %) as a function of GCM changes in precipitation
and temperature variables for different storage capacities and for the given future time periods
(2040-2059 (blue), 2060-2079 (green) and (2080-2099). Boxplots show penetration obtained from a
set of 25 GCMs. The penetration rates are given for Run-of-the river hydropower in low land area
(precipitation driven flow regime: left) and for Run-of-the river hydropower in alpine area (snowmelt
dominated flow regime: right). Scenarios of storage capacities are given in average load hours.
Black dots show penetration rates obtained for the control period (same as Figure 4). (François et
al.2017b)

In summary, hydropower opens opportunities and challenges. To the obvious advantages
seen above in terms of complementing the variability of the other CRE, water management
has to consider other factors than just energy production issues such as water consumption
and environmental constraints (François et al., 2014a,b). We would also draw attention to
the high sensitivity of water resources to climates in mountainous areas (40% of Europe).
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Why it matters 1: Stakeholder Engagement
In addition to its technical work on CRE production the WP2 team worked with
external stakeholders in Norway, France and Italy. This work was qualitatively unlike
that in Spain, the Netherlands and Sweden. Where the Swedish case study looked at
stakeholder diversity from regional to national and supra-national scales and the
Spanish and Dutch work looked at regional and local patterns, the Norwegian and
Italian studies engaged with powerful commercial stakeholders, particularly energy
generators, and focussed on problems arising through intermittency of supply,
climate variation on a range of spatial scales and temporal scales from hours to
decades.
Our work on CREs (Climate-Related Energy) was oriented around renewable energy,
climate variability and regional actions with case studies in Italy and Norway linked to
French energy companies. The main characteristics of the two regions with respect
to the aims of the project were as follows:
Norway: 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 at which level
(local, regional, national, European) the considerations are made. Stakeholders
expect the results from our analyses to be useful, e.g. as one source of information
the counties consider when making their regional climate and energy plans.
Italy: Hydropower and photovoltaics (PV) represent the main renewable energies in
the study area (Southern Tyrol). 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 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 on the
distribution grid with opposite power flow than what it was designed for. The main
problems affecting the further development of hydropower depend on conflicting
demands with other water usages and 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).
Workshops were organised independently, but in the same period and with similar
structure, in Norway and in Italy.
Project partners made considerable efforts to engage the stakeholder community.
Some private sector stakeholders (SINTEF and EDF) were fully embedded in the
project as consortium partners. In addition, close relationships were developed with
stakeholders like CNR, Sun’R smart energy, Statkraft and Eurac either through
continuous collaboration or involvement in workshops. This gave the CRE team a
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distinct advantage when it came to understanding the perspectives of private sector
stakeholders.
However there were problems arising as a consequence of institutional turbulence
and changing market conditions. Our institutional stakeholders hade been engaged in
the project from the start of the design phase. We knew we were solving an important
problem, because key external stakeholders had worked with us to specify it.
However the sad truth is that new policies and new market circumstances meant that
those stakeholders became appreciably less interested in the problem as time
passed.
The Operations Researcher Russell Ackoff produced a paper in 1979 titled: The
future of operational research is past in which he declared that ‘managers do not
solve problems, they manage messes’. We have been working with institutional
stakeholders in a particularly messy period. We solved the problem our stakeholders
asked us to solve, but they were no longer interested in the solution when it came.
This disappointing result has informed our research on non-linearities and qualitative,
irreversible change, which we discuss in greater detail in Volume 1 of our final
scientific report: The Quest for a Model-Stakeholder Fusion.
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SCIENCE-POLICY BRIEF: A CLIMATE VARIABILITY
VIEWPOINT ON RENEWABLE ENERGY AND ELECTRICITY
SYSTEMS
Introduction
Sources of Climate-Related Energies (CRE) are found everywhere. The
availability of CRE resources, however, depends on atmospheric and
hydrologic variations in space and time. Additionally, the integration of
CRE in electricity systems affects energy production and consumption,
transport, storage and backup, as well as markets and policy. CRE
integration is thus a multifaceted challenge for science and innovation
in the transition to a low-carbon society.

Solar PV farm of Les Mées,
Alpes de Haute Provence, France
(Photo: J.-D. Creutin)

Background
This Science-Policy brief is about the
influence of climate, weather and
Earth's surface waters on the
integration of renewables in electricity
systems. It specifically refers to wind,
solar and hydropower production of
electricity in a future European system
that is massively based on these three
sources of energy. They are here named
‘Climate-Related Energies’.
Following the main outcomes of the FP7
COMPLEX research project (2012-2016),
this document highlights research
achievements in the best interest of
policy-makers, stakeholders and
society, through a set of six key
messages.

From the scientific perspective, the multiscale analysis of CRE
resources is a nascent research field, acknowledged also by the
Intergovernmental Panel on Climate Change (IPCC). This new body of
knowledge, together with the growing deployment of renewable
energy technologies, opens up new prospects to support innovation
and services in the energy sector.
The research supporting this Science-Policy brief focused on three
sources of CRE: wind, solar and hydropower. Run-of-the-river
hydropower is considered to capture the natural variability of water
flowing through streams and rivers. The crucial role of hydropower in
balancing supply and demand through energy storage in water
reservoirs is nevertheless also recognized. The point of view is that of
climate variability affecting CRE integration. To allow a clear view and
understanding, other physical or economic factors are dismissed,
although these are also relevant in renewable energy systems.
The results draw attention to the diversity in the variability features of
the different CRE sources at both short and long term. This controls
the exploitability of these energies, i.e., their ability to match the
demand in quantity and timing. European regions or countries have
uneven exploitability conditions, which are expected to change in a
transition to 100% renewable energy.
Today, the EU Energy Roadmap explores ambitious decarbonisation
scenarios of the European energy systems, with a high share of
renewables in energy and electricity consumption by 2050 (greater
than 75%). Understanding the variability and impacts of the climatic
drivers of CRE sources is a relevant step towards fostering the needed
transformations in a cost-efficient way.
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1. Atmospheric and hydrologic
variability governing CRE
Potential energy production from solar, wind and
hydropower follows the natural fluctuations of wind
velocity, solar radiation and river flow at all scales in
space and time.
At short time scales (up to about one hour), production
is governed by patterns of weather variability that show
distinct behaviour for wind, solar radiation and rain.
Atmospheric water, in the form of clouds, makes solar
radiation and rainfall fields more variable and less
predictable than wind fields. Catchments transform
rainfall into runoff. They are integrators of water flow,
which smooths out river flow variability.
At intermediate time scales (days to months), the
fluctuation of all CRE sources is controlled by patterns of
large-scale systems of air circulation in the atmosphere,
such as cyclonic perturbations that are found in the
middle latitudes. CRE variability at short and
intermediate scales has received the most of the
attention over the last years.
At large time scales (years and more), climatic drivers of
wind and solar power show much less intra-annual to
multi-decadal variability than drivers of hydropower.
Expected climate changes are likely to modify CRE
potential, especially for hydropower. Confidence in the
projected modifications depends on the ability of
General circulation models (GCMs) to simulate the
climate of the last decades.

The Pian Palù Lake in Peio, Italy – glacier and microhydropower (Photo: M. Borga)
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2. Role of energy transport, storage
and mix on CRE variability
Energy transport and storage as well as the mix of
different CRE sources facilitate CRE integration.
Transport smooths out CRE variability in space, while
storage copes with fluctuations in time. The energy mix
exploits the complementarities of the space-time
variability of different CRE sources. These aspects act
together to minimize the adverse effects of CRE
variability. With the spread of CRE production in space,
the typical logic of an asymmetric grid, where a
centralized production feeds clusters of consumers, is
disturbed. A new paradigm arises to take into account a
decentralized and mixed renewable energy production.
Each CRE source requires storage features that are
adapted to its variability. As a consequence, CRE
integration calls for enhanced knowledge on CRE
variability for the benefit of new technologies and
solutions for grid structure and storage management.

3. Matching production and
consumption: a matter of CRE
integrability
Electricity systems require, in permanence, a balance
between production and consumption. The more the
energy sources are coexistent in space and synchronous
in time with the demand, the larger is the amount of
supplied energy that can be directly used. This also
means lesser needs for backup, storage and transport.
Statistics of the production/consumption balance are
needed to assess the integrability of CRE sources and
evaluate the easiness of CRE integration. The average
behaviour of the balance measures the penetration of a
CRE source or a mix of sources. The fluctuations of the
balance characterize the needs in terms of flexibility of
the backup and storage. The space and time units to be
considered to study the balance and assess CRE
integrability are chosen according to transport and
storage issues – both supposedly solved inside these
units. Under these considerations, CRE integrability is
more informative than the classic assessment of the
potential CRE abundance, which is given by statistics of
available energy from individual CRE sources and
ignores the features of the demand.

4. European regions are not equal in
terms of CRE abundance and easiness
of integration
The abundance of CRE broadly shares Europe into a
windy Atlantic façade, a sunny Mediterranean South and
the snowy mountainous areas in Scandinavia and the
Alps. These areas concentrate the potential of wind, solar
and hydropower resources, respectively.
The easiness of CRE integration is more heterogeneous
across Europe. Comparatively to Northern Europe, the
Mediterranean area has the potential to directly use
higher amounts of energy supplied by CRE and Southern
Europe needs lower backup and storage to compensate
for CRE variability.
The mix of CRE sources that best satisfies the
consumption also varies across European regions. For
instance, the share of solar power increases when
moving towards South.
In addition to estimating the abundance of CRE,
measuring the easiness of integration is a critical step for
the design of a mixed CRE system that directly depends
on local climate variability. Dependencies on the scales
must be considered: hourly and daily optimal mixes can
be quite different and differences can also be seen from
one place to another.

The Nigardsbreen Glacier in Norway
(Photo: J. Sauterlete)

5. Transition to “100% renewables”
is not a smooth process
Transition trajectories to 100% renewable energy are
marked by two phases of uneven easiness of CRE
integration. Up to 50% renewables, any mix of CRE
production is absorbed by the consumption (full
penetration), and has the same moderate influence on
the stability of the electricity system. Between 50%
and 100% renewables, part of the CRE production
cannot be consumed and time sequences of CRE
supply greater than the demand appear. The easiness
of integration decreases and clearly diverges for
different strategies of production: it is more efficient
when a mix of sources is considered comparatively to a
strategy based only on a single CRE source.
Overproduction, beyond 100% renewables, further
improves penetration and reduces backup and storage
needs. However, such achievement largely depends on
new technological solutions (e.g., export and
curtailment) and economic constraints.
Transition means evolving conditions for transport,
storage and demand behaviour, all of which improve
CRE integration. The balance between transport and
storage needs to be further studied with regard to the
mosaic of territories, which is designed by policies,
markets and equipment acquisition by industries and
privates. Demand flexibility also deserves more
attention as it can be a central game changer
concerning CRE integration and the achievement of a
transition to a 100% renewable energy.

Wind turbine (Photo: J. Sauterlete)
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6. The present state and the potential
development of hydropower deserve
particular attention
With its ability to both produce and store energy,
hydropower holds a specific status in the context of
energy transition and renewable energy targets. The
natural run-of-the-river variability governing
hydropower production facilitates the integration of
other CRE sources at all scales across Europe. Run-ofthe-river power production is already a reality in many
national energy systems. Hydropower also plays a crucial
role in effectively balancing demand with supply through
the storage of energy in water reservoirs. Hydropower
storage capacity offers the higher storage flexibility
needed with the growing development of variable
renewable energy sources.
The development of hydropower is however challenged
by its intrinsic characteristics, as well as current technical
limitations and environmental issues. Hydropower
cannot be exploited everywhere, but at specific
locations along river networks. Besides, energy
production and storage is only one particular use of
water. It often coexists with other water uses for
agriculture, industry, freshwater supply or tourism.
Water management in hydropower systems must also
be compatible with strategies for river ecosystems
conservation. Tensions among water uses may be
particularly critical in regions such as Southern Europe,
where water resources are expected to decrease with
climate warming.
Climate changes may also modify the role of large
reservoirs and be key drivers of changes in the way
water and power plants are managed today. Adaptation
may include the setup of new management strategies at
different time horizons (e.g., daily to seasonal inflow
management), the revision of the design characteristics
of existing power plants, and the development of
pumped-storage hydropower facilities to explore the
overproduction capability of other variable renewable
energy sources.

Summary
From a policy perspective, the European energy
directives recognize the variability of climate-related
energies (CRE) and the needs to analyse the potential of
renewable energy resources at the country level as a
starting point for the energy transition. At each level,
from the local to the EU-wide level, questions remain
about how and where to produce, transport, store,
complement, sell and buy these renewable energies.
Answers to these questions need to be guided by a
robust knowledge that informs where and how climaterelated energy is available.
Driving the decarbonisation of the European electricity
systems is a complex process. On the one hand, it is
embedded in multi-level legislations, market rules and
functioning, economic and technological constraints,
private initiatives and public interests. On the other
hand, it must also consider the multiscale climate and
environmental variability governing CRE resources, the
easiness of CRE integration in the energy mix and the
potential conflicts with regard to land and water use as
well as environmental regulation.
The concept of water-energy-food nexus, as highlighted
by the Food and Agriculture Organization of the United
Nations, recalls that low-carbon energy developments
cannot be designed without the other non-energy
sectors. Climate variability and change is also a relevant
component of the nexus. It sheds light on
interdependencies in space and time of CRE sources, on
regional exposure to CRE resources and on the potential
interlinkages to be explored in the routes to
decarbonisation.
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3. Stakeholder Engagement in Spain and the Netherlands
(WP3)
WP3 explored acceptance and implementation of climate mitigation policy options at the
scale of the landscape. Where WP2 concerned a technical problem and stakeholder
community that we already knew about before the project was funded, WP3 began with a
programme of stakeholder engagement designed to discover who the relevant stakeholders
were and whether there was any meaningful way in which we could serve those stakeholder
communities. Further information can be found in our final report (Volume 1)
The team worked in Spain and the Netherlands and explored the implementation of
Renewable Energy (RE), a key pillar of EU climate policy, from the perspective of those
stakeholders who are most important for successful implementation; policy makers,
knowledge gatekeepers and communities. In Spain, a top-down filtering approach was
developed, in which rapid appraisal of all Spanish regions was used to select 6 regions for
detailed case study through telephone interviews with key actors. From these 6 regions, a
single region, Navarre, was investigated in detail through participatory action research
approaches (PAR) that deployed a spatial model of future renewable energy implementation
(APoLUS).

In the Netherlands, a bottom-up approach was employed in which key informants at
municipal level were engaged in understanding the clean energy transition at local scales.
Engagement began with a small and progressive group of stakeholders in the municipality of
Dalfsen, in the province of Overijssel. Following this the project engaged a larger and less
progressive municipality where new targets for renewable energy had been established. In
the municipality of Enschede researchers partnered with municipal staff to both increase
awareness of the local goals (together with the various opportunities and challenges
involved) and determine stakeholder motivations, cognitions and resources that would
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enable plans to be made for renewable energy development that had support within the
community. Key to this work was the deployment of an interactive Participatory GIS Tool
(COLLAGE) 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. Researchers from the
University of Twente are currently using the COLLAGE tool as part of a Provincewide program to support other municipalities in developing local renewable energy
plans and implementing them (Flacke and de Boer 2016).
We developed and applied a wide range of
structured approaches and tools aimed at
knowledge co-generation and social
learning around RE implementation.
Though
conventional
participatory
approaches like workshops, interviews and
surveys were all employed, the core of the
research activities were designed to
support participatory modelling activities
aimed at understanding future renewable
energy
implementation,
in
which
stakeholders were co-developers.
In Spain, an integrated model known as the
Actor, Policy and Land Use Simulation
model (APoLUS) was developed to
simulate future land use change for the
Navarre region under a range of renewable energy implementation scenarios.
APoLUS links a spatially explicit geographical model with policy implementation
theory and sociological approaches aimed at widening participation in environmental
decision-making (Hewitt et al 2015; Hewitt in press, Kovalevsky et al in press).
APOLUS and COLLAGE are complementary to one another. Information collected
related to stakeholder preferences with COLLAGE at the local level can be fed into
the APOLUS model to increase the correctness of its output. The results of APOLUS
can be fed back into communities to help them determine the type of policy scenarios
they would support with respect to the deployment of renewable energy.

3.1 The Engagement Process
We made contact with local and provincial government officials, citizens, ENGOs
(environmental non-governmental organizations), small businesses, farmers and
local media. In the Netherlands the main contact was made through municipal staff
involved in the development of energy and carbon plans. This was because there
was an interest from both sides in working directly together as partners. Researchers
then had direct access to the stakeholders involved in the renewable energy planning
and implementation. In Spain external contact was mostly made with regional
planners involved in strategic planning focusing on climate change and new
landscape strategies. These stakeholders facilitated the contact with other key
stakeholders at both the municipal level and the business level involved in renewable
energy implementation.
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3.2 Principal conclusions
3.2.1 In Spain:
Despite Spain’s position as a global leader in RE development in 2010, no further RE
development has taken place in the country since 2011, when the government
imposed a moratorium by slashing subsidies, implementing punitive connection
charges for householders wishing to connect to the grid and outlawing battery
storage for small consumers. We concluded that it seemed unlikely that Spain would
meet its RE targets for 2020 (Alonso et al 2016). However, recent figures suggest
that the decline in energy consumption may mean that the target is still achievable,
nonetheless the drastic withdrawal from RE in Spain is disappointing, and a true
clean energy transition is no longer a realistic prospect. .
The explanation seems to be that a combination of a liberalized energy market
combined with a very substantial problem of over-capacity has caused lawmakers to
take fright and establish a series of counter measures to put a brake on energy
transition.
A true green energy transition in Spain requires a decentralized model of energy
production and distribution. Yet privatization of energy production and distribution has
left policy makers in a weak position to implement the required changes.
In the past, governments have favoured large scale solar and wind developments,
and this tendency, before paralysis took hold, seemed to be increasing. Yet true
bottom-up transition is very difficult if smaller energy businesses cannot enter the
market.
Large-scale wind farms, in particular, are viewed by many stakeholders in an
unfavourable light because of their high environmental impacts and the feeling that
the profits from these developments are not equitably shared.
Prior to the RE moratorium, the most successful Spanish regions in RE development
were those that had the strongest relationships between key sectors like business,
public administration, civil society and science and education. Underperforming
regions may have the potential to improve in future by developing these links.
Scenario modelling work suggests that much higher RE capacity is easily attainable
without major landscape impacts or social conflict. Unfortunately, until powerful
actors at the top can be persuaded to remove the obstructive legislation, the
lockdown will likely continue. The fundamental take home message is that the clean
energy transition cannot become a reality as long as powerful actors are aligned
against it. Our research suggests that implementing actor motivations and
relationships should be a key consideration in the design of future climate policies.
3.2.2 In the Netherlands:
Increasing the share of Renewable Energy in the Netherlands is a generally accepted
necessity. However when it comes to deciding trade-offs between the value of land
uses and extent of substitution we run into problems. Implementation needs to be
brought about at the level of communities and the people and has an inherent
complexity. It is not a choice between one thing and the other in isolation. In order to
reduce the feeling of alienation we can bring the big picture to the stakeholders, make
the pros and cons visible, and show how various scenarios are possible to achieve
targets.
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Transitioning to a low carbon economy is a complex and urgent task; the Netherlands
is one of the highest per capita carbon emitters in Western Europe. In the
Netherlands, where land is intensively managed and highly valued, the provinces and
localities are currently facing challenges in implementing the necessary landscape
features. Solar farms and urban solar panels, as well as wind turbines demand a
certain amount of space and are thus competing with other important current uses
and priorities. Little research has been done in understanding the complex
interactions between newly installed renewable energy technologies and the previous
land uses and so local actors are experimenting and uncovering the impacts
themselves (de Boer et al 2015).
This research set out to understand these dynamics, from the perspectives of local,
regional and provincial stakeholders. Our results show that the specific trade-offs
related to the local dynamics (influenced by municipal, provincial and national
policies) are key to overcoming the various obstacles in the transition. Aligning RE
development plans to the local context is thus key to speeding up and increasing the
efficiency with which RE will take its place in the urban and rural landscape.
This does not mean taking a hands-off approach (decentralisation without support),
but actively supporting the different needs of the communities with flexible yet intense
policies and programs.
Building on the current national, provincial and local programs to support renewable
energy development, the process can be improved by making the location-specific
spatial trade-offs explicit and highlighting the intersection between different goals at
various levels and from different stakeholders. There is no one size fits all strategy as
context differs by region in terms of available land, energy demand, social
acceptance and financial capacity. Local goals to achieve CO2 or energy neutrality
proved to be a good starting point for frank discussion about the future of land use in
each of the various localities in the Netherlands. Having solved the easy problems,
strategic and participatory multi-functionality and land use planning can be used to
help achieve the lower carbon goals of the Netherlands and increase the energy
security and sustainability of local communities.
Flacke, J., & de Boer, C. (2016) An Interactive GIS-Tool for Collaborative Local Renewable Energy
Planning. Agile conference 2016, 14-17 June 2016, Helsinki, Finland. available at: https://agileonline.org/conference_paper/cds/agile_2016/shortpapers/130_Paper_in_PDF.pdf
Hewitt, R., de Boer, C., Pacheco, J.D., Hernández Jiménez, V., Alonso, P.M., Román, L. and van der
Meulen, M. (2015), APoLUS model full system documentation. EU FP7 COMPLEX Project Report,
Deliverable D3.5.
Hewitt, R. (in press): The Actor, Policy, and Land Use Simulator (APoLUS). In Camacho Olmedo,
M.T., Paegelow, M, Mas, J.F. and Escobar, F. (eds). Geomatic simulations and scenarios for
modelling LUCC: A review and comparison of modelling techniques. (in press): Lecture Notes in
Geoinformation and Cartography' LNGC series (http://www.springer.com/series/7418), Springer.
Kovalevsky, D.V., Hewitt, R., de Boer, C., Hasselmann, K. (in press): A dynamic systems approach to
the representation of policy implementation processes in a multi-actor world.
Discontinuity, Nonlinearity, and Complexity, 6(3) Alonso, P. M., Hewitt, R., Pacheco, J. D., Bermejo, L.
R., Jiménez, V. H., Guillén, J. V., ... & de Boer, C. (2016). Losing the roadmap: Renewable energy
paralysis in Spain and its implications for the EU low carbon economy. Renewable Energy, 89, 680694.
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(2015). Local power and land use: spatial implications for local energy development. Energy,
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PARTICIPATORY POLICY OPTION GENERATION
FOR

RENEWABLE ENERGY
TRANSFORMATION
Key Messages
Currently at least 14
municipalities in Overijssel
have CO2 or Energy neutrality
goals. To overcome local mismatches in space and
demand, regional energy
strategies are being
developed to increase
strategic placement of
renewable energy.
Understanding and
supporting the local
opportunities and obstacles
are key to a strategic and
resilient transition of the
energy system.

Issue at Stake
Municipalities find themselves
in various situations in terms of
the ratio of available
land/space to implement
Renewable Energy and the
amount needed to be
produced. While information
related to zoning,
infrastructure and suitability
are understood by
municipalities, the social
element related to acceptance
and willingness to participate
are largely unknown.

Regions and localities

Recommended favourable regions are given in P.M. Alonso et al (2016). Losing the roadmap:
Renewable energy paralysis in Spain and its implications for the EU low carbon economy.
Renewable energy, 89, 680-694. https://www.researchgate.net/publication/288686912_Losi
ng_the_roadmap_Renewable_energy_paralysis_in_Spain_and_its_implications_for_the_EU_
low_carbon_economy

Overview
Increasing the share of Renewable Energy in the
Netherlands is a generally agreed upon necessity. However
when
it comes toand
deciding
which land uses or values to
Information
communication
substitute or give up in exchange for this goal - we run into
problems. Implementation needs to be brought about by the
people and has an inherent complexity, it is not as a choice
between one thing or the other in an isolated box. In order
to reduce the feeling of loss, helplessness we can bring the
big picture to the stakeholders, make the pros and cons
visible, and show how various scenarios are possible to
achieve our targets.

Linking People and
Territory
Research Supported EU FP7 grant 308601
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Tools for discussing
trade-offs and future
scenarios
Coupling the technical and social
information held by different
stakeholders can be used to
determine win-win options that
overcome local obstacles and
maximise the value added to the
community.
The University of Twente and its
partners (OCT) have developed
tools to support this participatory
process. COLLAGE is an
interactive map based tool that
allows stakeholders to codevelop knowledge related to
the most suitable locations for
renewable energy. They can
either work towards achieving a
pre-determined set of RE goals,
to collectively determine what is
feasible based on the
interactions around the table.
Further, given that many futures
are possible, this information can
be used with the APOLUS (Actor
Policy and Land Use Simulator)
model to support the
development of different
scenarios that will support
further policy options for
provincial and municipal
governments.
Pilot projects have taken place in
the Municipalities of Dalfsen and
Enschede, and led to an
increased understanding of the
spatial opportunities and
constraints at the municipal level.
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Background
Transitioning to a low carbon economy is a complex and
urgent task. In the Netherlands, where land is intensively
managed and highly valued, the provinces and localities are
currently facing challenges in implementing the necessary
landscape features. Solar farms and urban solar panels, as well
as wind turbines demand a certain amount of space and are
thus competing with other important current uses and values.
Little research has been done in understanding the complex
interactions between newly installed renewable energy
technologies and the previous land uses and so local actors are
experimenting and uncovering the impacts themselves.
Recent EU funded research by the University of Twente
(Province of Overijssel) set out to understand these dynamics,
from the perspectives of local, regional and provincial
stakeholders. Our results show that the specific trade-offs
related to the local dynamics (influenced by municipal,
provincial and national policies) are key to overcoming the
various obstacles in the transition. Aligning RE development
plans to the local context is thus key to speeding up and
increasing the efficiency with which RE will take its place in
the urban and rural landscape.
This does not mean taking a hands off approach
(decentralisation without support), but actively supporting
the different needs of the communities with flexible yet
intense policies and programs.
Building on the current national, provincial and local
programs to support RE development, the process can be
improved by making the location specific spatial trade-offs
explicit and highlighting the intersection between different
goals at various levels and from different stakeholders. There
is no one size fits all strategy as context differs per region in
terms of available land, energy demand, social acceptance and
financial capacity. Local goals to achieve CO2 or energy
neutrality prove to be a good starting point to have a frank
discussion about the future of land use in each of the various
localities in the Netherlands. Following achievement of the
low hanging (Renewable Energy related) fruit, strategic and
participatory multi-functionality and land use planning can be
used to help achieve the lower carbon goals of the
Netherlands and increase the energy security and
sustainability of local communities.

Participation in the Transition to a Low Carbon Economy: Policy Brief NL

2

Policy Brief NL

15 Sept 2016

More Detailed Findings
In the process of undertaking this research we uncovered a number of helpful tips for undertaking a
participatory process in the development of policy options and spaces for renewable entry
development at the local level. In this section we provide a summarised list however more detailed
work can be found in the official reports and publications found on the COMPLEX website:
http://owsgip.itc.utwente.nl/projects/complex/

Best practices:
Important information about land dynamics can be elicited from stakeholders. Using
participatory methodologies allows us to predict or adapt to situations of policy
implementation paralysis, since technological changes and natural resources management are
strongly conditioned by power relationships.
Knowledge co-development activities around Renewable Energy installations in the landscape
are key to increasing support and overcoming problems
Face-to-face interviews can be helpful in mapping the concerns, goals, interests and barriers
that stakeholders are facing in their energy transition ambitions
The historic Renewable Energy implementation trajectory is also important in determining the
current situation
Understanding the various power, motivations and resources of the stakeholders is important
for determining the likelihood of successful Renewable Energy policy implementation.
Determining the appropriate scale for action is essential: Municipal and regional
collaborations for Renewable Energy development may be necessary due to diversity of
opportunities and challenges related to achieving low carbon economy.
Involve stakeholders in the problem definition as well as subsequent modelling steps to avoid
detachment from final outcomes of the participatory process. However, be aware that there
may be a cycle of alternating results, with different stakeholders involved at each phase.
The participatory approach is cyclical, not unidirectional. The modelling chain's “end state” is
nominal and related to real world considerations like the end of a research project.
A well guided participatory process can help stakeholders to collaboratively define their
expectations and goals related to the trade-offs they experienced between land use quality and
renewable energy development. This provides considerable opportunities for learning and
knowledge transfer between researchers and other stakeholders
Our participatory process enabled the integration of 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. It further builds
credibility among the stakeholder community and facilitates co-generation of knowledge and
co-design of climate mitigation plans
The mutual interaction between the stakeholders is considered an important contribution to the
planning process as it provides insights related to barriers to implementation and new ideas for
placement.
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The use of a “high-tech” tool was positive for increasing the interest of participation by our
stakeholders.
In some cases CO2 savings need to be translated into a unit that is more tangible for
stakeholders, such as money or energy saved/spent.

Potential Outcomes of the COLLAGE/APoLUS framework
Through using the COLLAGE mapping tool stakeholders are able to explain their
motivations, perceptions and resources related to very concrete suggestions of land use change
and researchers can then collect this information in a way that can be directly fed into the
APoLUS model for developing policy options and scenarios.
Sharing of and uncovering previously held beliefs was supported by the discussions around
the map table. For example, there was generally agreement at the end of one session 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.
A map of preferred locations of various types of RE, which can be helpful for planners and
policy makers.
Uncover which types of renewable energy (RELF) stakeholders find to be compatible with
different land use categories and how they perceived the trade-offs required between the land
uses and renewable energy production to achieve their goals.
Detailed understanding of the relationship between existing land uses, according to
stakeholders' own classification, and Renewable Energy-related Landscape Features (RELF).
This information enables land uses to be represented as layered “multifunctional” activity
spaces rather than one dimensional single land uses in which RE installations can only replace
existing uses.
Previously unknown information related to the application of land use plans, zoning laws and
how they affect implementation of Renewable Energy.
Spatially explicit information about the pros and cons of different RELF types and the tradeoffs associated with them.
A collective product that outlines preferred pathways to achieving the CO2 or Energy Neutral
goals of the municipality.
More information about the COLLAGE/APoLUS modelling framework can be found at:
https://www.itc.nl/PGM

Participation in the Transition to a Low Carbon Economy: Policy Brief NL

4

COMPLEX Deliverable 3.7

Linking People and
Territory

Towards a low-carbon future in
Spain
Spain has strong potential to transition to a low carbon
economy, primarily through substantially enhancing renewable
energy (RE) deployment throughout the country. To achieve
this, the following recommendations are provided, according to
key themes:
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4. The Swedish Case Study (WP4)
COMPLEX also had an active research team in the Stockholm-Mälar region in Eastcentral Sweden (WP4). This region includes a large city, the capital Stockholm, and
the surrounding area around the lake Mälaren. It also has six counties, several
smaller towns, municipalities, farmland, and forests.
Politically, the governance structure is multi-layered, from the national level (providing
the context to the region), the county level, the municipality level, and down to
households and individuals. A particular challenge for this region is the heterogeneity
among counties with respect to economic prosperity and environmental performance.
This may be perceived as an argument for delegation of decision rights on policy
choice and implementation from central to local jurisdiction. One important
justification is the gains obtained from local knowledge on economic and
environmental performances and formation of local communities pursuing
sustainable use of resources. The main challenge in reaching a carbon-neutral
Stockholm-Mälar region is then to identify, quantify, and balance the advantages and
disadvantages of different policy instruments and jurisdictional delegation levels. A
specific consideration is the current lack of a strong jurisdiction in between the
national state and local municipalities.
In order to address the various problems and issues raised in the Swedish region, we
designed a study process which included understanding different stakeholder values
and operational capacities, as the use of analytical modelling tools. The tools we
developed and used involved partial understandings of various issues, such as
economy, land use, environmental considerations, energy-related technological
systems, as well as issues about societal transformation at large.
Our work was organized along two lines: 1) stakeholder interactions through
workshops, seminars and embedded researchers and 2) computational models for
decision support related to a) economy, b) energy, and c) land use, as well as
decision making based on d) a societal gaming model for national/regional decisions,
and e) a neuro-cognitive model for individual consumer behaviour. The stakeholder
interaction work has been described in our final report and the closing section of this
document. Here we summarize the modelling efforts:
Our numerical model for cost-efficient land use dynamics under uncertainty showed
that a cost effective solution can be reached and the total abatement costs would
then correspond to 1 % of cumulative gross regional product in the region when both
technological development and uncertainty are acting. Without technological
development the cost would be doubled. All classes of abatement measures are
needed, but bioenergy, biodiesel, and electric cars are of significant importance.
However, the model suggests that the main financial burdens will be born by 1/5 of
the municipalities in the most cost effective solution because of asymmetric allocation
of resources in the “business as usual” scenario. Another finding is that only a few
counties and municipalities make gains in the overall cost effective solution
compared with decision making in isolation. A majority faces lower cost when they
implement abatement measures within their own jurisdiction.
The Uppsala energy system and GHG-emissions 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).
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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 assumptions. 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.
Locally produced bioenergy can decrease the dependency on imported fossil fuels in
the region, while also being valuable for climate change mitigation. Short-rotation
coppice willow is a potentially high-yielding energy crop that can be grown to supply a
local energy facility while giving climate benefits by sequestering carbon from the
atmosphere to the soil. Our study assessed the energy performance and climate
impacts when establishing willow on current fallow land in a part of the StockholmMälar region for the purpose of supplying a bio-based combined heat and power
plant. Time-dependent life cycle assessment (LCA) was combined with GIS mapping
to include spatial variation in terms of transport distance, initial soil organic carbon
content, soil texture and yield. The results showed that when current fallow land in
our region was used for willow energy, an average energy ratio of 34.6 MJ was
obtained and carbon was also sequestered in the soil (compared with the reference
land use). Although the climate change mitigation potential over the landscape was
improved by selecting the best performing fields, the results showed that to maximise
the climate change mitigation, all fields needed to be utilised to produce as much
willow energy as possible, since all fields showed climate benefits compared with the
reference land of green fallow. This indicates the importance of reference land use in
assessment of bioenergy systems.
In the gaming exercise we conducted at a stakeholder workshop, the task was 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 an overriding political nature in order to move towards a low carbon society. The
target of this study was the interaction between the decision makers and the model.
For this purpose, we adapted an off-the-shelf computer game (DEMOCRACY 3) and
“trimmed” 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. Prior to the workshop,
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 3 software
package.
Our neuro-cognitive model for individual decision making involved an integration of
two levels of modelling, an artificial neural network (ANN) model of various brain
structures involved in decision making, and a multi-agent system (MAS), where
individual agents interact “intelligently”. We believe this is the first time a
computational model of this kind has been developed and applied to a
climate/environmental problem. The model addressed consumer behaviour, attitude
and trust, applied primarily to travel and eating habits. While our approach was quite
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unique when we started, this type of approach has recently received a growing
interest around the world. A recent example relating to our model results is the
tendency of commuters in the Stockholm-Mälar region to change to public transport,
as the toll fees for Stockholm increased. An opposite effect was observed when new
roads/tunnels were built, facilitating car driving through Stockholm.
Our combined modelling and stakeholder interaction efforts provided input to policy
makers in the Stockholm-Mälar region (see ‘why it matters 5, below), but we also
regard the results as providing an early prototype for European societies at large.
When we started the project the Paris 2015 meeting on the climate change challenge
was several years into the future. The same was true for the UN meeting in 2015 on
Sustainable Development Goals (SDGs) with topics very close to the ones we had to
face. From these and other sources, we have learnt that our choice of investigation
level, i.e. the sub-national region, was a very fruitful one – and also a level that did
draw constantly stronger interest as time went by. However the widening of regions
to match the new challenges turned out – in our Swedish case – to be very
contested. Some wanted these larger regional frames; some were very reluctant.
There was not always a creative interplay between governance issues – including
social goal setting - and the mobilisation of technical-economic change efforts. In
fact, some earlier experiments had failed, sometimes due to weak persistence. The
politics of societal transition seems yet to be in its infancy. There is a call now for a
strong degree of societal bravery, of vision and increased public understanding about
what is at stake and what the balancing acts are. New ways of designing research
and innovation efforts around these issues are needed.
We were expecting a broad range of stakeholder positions on the forthcoming
societal transformation process. However, we soon understood that the spectrum of
stakeholders was much larger and more complex than initially believed. In addition,
the differences in different parts of our region were also larger than we had imagined.
The multi-level organisation and sectorial fragmentation in the public sector and the
diversity of goals and scales within civil society required a deeper and more holistic
approach. The interplay between the two tracks provided the possibilities to shape
such an understanding. The work in Sweden has thus improved the knowledge of the
systemic nature of the challenges and laid the ground for a design of policy actions
and tailored modelling activities.
The following pages contain our policy brief for the region:
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The transition to a low carbon economy by 2050 will involve
irreversible changes in the cultural, economic and natural
domains. This implies a potential for emergent qualitatively
different societal conditions. By the time the low carbon policy
has been implemented, many problems conceived today will
have been resolved. Some aspects of socio-natural systems will
then have been changed irreversibly. Thus, the design of the
transformation
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The Stockholm-Mälar Region Study
This region consists of two NUTS 2 regions and is one of the highly dynamic regions in northern Europe.
Our Stockholm-Mälar region study within the COMPLEX project provides steps towards a process
understanding as well as instruments for support of the transition to a low carbon society by 2050.
Strategic societal choices and their consequences have been analyzed. This included the design of a toolkit
for analysis 1) of emerging and optimally selected land use patterns, 2) of economic development and the
impact of policy instruments, and 3) of the processes connecting the scientific support to the decision making
functions at various levels, including policy processes at shorter and longer time scales.
Focus was on finding integrative forms of support to guide the path to a low carbon society under varying
climate scenarios and world situations. The integration of social science, natural science and technology has
been an important theme.
Different land use patterns will have different effects on the climate - and the climate, in turn, will constrain
the options for land use. Whether land is used for agriculture, forestry, housing, industry, energy
production, or infrastructure will depend on regional, national and EU policies, but also on cultural values
and (sometimes conflicting) interests of various stakeholders. The dynamics of land use change and its
environmental and economic impacts require analysis and models that can capture the complexity arising
from irreversibilities, thresholds and nonlinearities involved.
The study explored existing models and developed new ones where needed, taking into account conditions
of uncertainty and asymmetric information. The models were intended to aid stakeholders in their decision
making, linking policies at the (sub-national) regional level to those at the levels of individuals
and municipalities, as well as at national and supra-national levels. We were also interested in decisions
made under uncertainty, using e.g. risk cognition and risk-management approaches.
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S O C I E TA L T R A N S F O R M AT I O N S FAC I N G C L I M AT E C H A N G E –
TOWARDS A LOW CARBON MÄLAR REGION 2050

The population of the Mälar Region amounts to approximately 3.6 million, which constitutes about 1/3 of
the total population in Sweden. It is divided among 6 different counties and involving 77 municipalities.
One of the main characteristics of the region is the location of the capital of Sweden, Stockholm, which has
a population of approximately 1 million.
A particular challenge for the Stockholm-Mälar region is the heterogeneity among counties with respect to
economic prosperity and environmental performance. This may be perceived as an argument for
delegation of decision rights on policy choice and implementation from central to local jurisdiction. One
important justification is the gains obtained from local knowledge on economic and environmental
performances and formation of local communities pursuing sustainable use of resources. However, the
literature points at potential costs; the neglect of impacts on other jurisdictions and the risk resource
exhausting competition among jurisdiction. The main task and challenge in reaching a carbon neutral
Stockholm-Mälar region is then to identify, quantify, and balance advantages and disadvantages of
different policy instruments and jurisdictional delegation levels. A specific consideration is then the current
lack of a strong jurisdiction in between the national state and local municipalities

There is a strong focus in the political and planning communities in the region (but also among industrial
actors) on transport and physical mobility in combination with issues around workplaces and housing. It is
not surprising that an indicator system is given high weight in regional policy that is focused on commuting
times to the Arlanda International Airport from different spots in the region. In the current discussions these
concerns are slowly also being broadened to include the entire energy-climate-water-food nexus. This
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nexus is closely connected to the spatial bio-geographical concerns that relate to climate change impacts
on the biomass production (i.e. the future of agriculture and forestry issue). It also relates to matters
concerning carbon sinks and in general terms the competition of land uses. Here the concept of ecosystem
services has been articulated as an important and emerging indicator to be included in transition models.
This means that other types of indicators as those for mobility have only rudimentary been developed
(although there are signs of other interests in e.g. ecosystem services approaches).
Culturally oriented drivers for change and the topic of what could in the future constitute “social status” is
something that is under emerging concern. This connects to how the GDP measure is used as indicator of
progress, and what it reflects (and not). Another concern for further elaboration is the need to innovate
novel policies in ways that are informed by cultural perspectives. Given the cognitive landscape of
expressed types of interests, a number of policy-oriented concerns are rising as well as the need for
reformed indicators of change. The consumption issue is articulated as a very important topic related to
this.

Key messages for politics towards a transformation to low carbon
society in Sweden
1. The challenges are “glocal”, where local action needs to address global
complexities
2. Simultaneously address multiple policies at multiple scales
3. Cross-sectoral interactions are necessary
4. Define new roles and responsibilities to be integrated, combining formal and
informal
5. Develop mechanism that connect top-down with bottom up approaches
6. Focus on incentives for realizing the implementation of policies
7. Support inter-disciplinary knowledge generation over time
8. A need for highlighting and addressing normative aspects of transformation from
individual to societal level.
9. Applying an experimental approach for adaptive capacity by continuous learning
10. Acknowledging the time aspects by a combination of urgency and long term
sustainability

COMPLEX RESEARCHERS INVOLVED
Uno Svedin, DSV and Stockholm Resilience Centre, Stockholm University
Contact: uno.svedin@gmail.com
Hans Liljenström, Division of Biometry and systems analysis, SLU
Sara Borgström, Stockholm Resilience Centre, Stockholm University
Stephan Barthel, Stockholm Resilience Centre, Stockholm University
Full references: COMPLEX reports D4.1, MS46-47
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C O S T E F F E C T I V E AT TA I N M E N T O F A L O W C A R B O N E C O N O M Y I N
THE MÄLAR REGION IN 2050

This study investigates if and how the Mälar region in mid Sweden can achieve a low carbon economy in
2050. A low carbon economy is then operationalized as a cost effective achievement of the EU target of
80% reduction from the 1990 emission level to be reached in 2050. We include three classes of
abatement measures; reductions in the use of fossil fuel (gasoline, diesel, oil), investment in renewable
energy (wind power, solar cells, electric cars, bioenergy, biodiesel, ethanol), and creation of carbon sinks
(prolongation of forest rotation period, afforestation). We account for uncertainty in implementing
measures, and for technological development. To this end, a numerical dynamic model with uncertainty and
technological development is constructed. Uncertainty is accounted for in a safety-first decision framework
where decision makers are concerned about reaching the target, which increases costs because of the
safety margin in reaching the target. Technological development is modelled as learning from doing where
unit costs of abatement decreases as cumulative abatement increases.
The results indicate that a cost effective solution can be reached and the total abatement costs would then
correspond to 1 % of cumulative gross regional product in the region when both technological development
and uncertainty are acting. Without technological development the cost would be doubled. All classes of
abatement measures are needed, but bioenergy, biodiesel, and electric cars are of significant importance.
However, because of the asymmetric allocation of emissions in the business as usual case and in abatement
costs, the main financial burdens are born by 1/5 of the municipalities in the cost effective solution. Another
finding is that only a few counties and municipalities make gains in the overall cost effective solution
compared with decision making in isolation. A majority faces lower cost when they implement abatement
measures within their own jurisdiction.

COMPLEX RESEARCHERS INVOLVED
Ing-Marie Gren, Department of Economics, Swedish University of Agricultural Sciences (SLU), Sweden
Contact: ing-marie.gren@slu.se
Full reference: COMPLEX report D4.2
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C L I M AT E I M PAC T O F W I L L O W E N E R G Y C O N S I D E R I N G S PAT I A L
VA R I AT I O N S I N A L A N D S C A P E

Bioenergy is one strategy to substitute fossil based energy and thereby mitigate global warming by
decreasing emissions of greenhouse gases. Locally produced biomass can also increase the energy
security in a region by reducing the dependency on imported fuels. Growing short rotation coppice
willow for energy is one option that has shown potentials to produce energy while sequestering carbon
from the atmosphere to the soil. The aim of this study was to assess the impact of growing willow on
fallow land in a specific region in Sweden, considering spatial variations in terms of transport
distances, soil textures and initial carbon content. A time-dependent life cycle assessment method was
therefore combined with GIS mapping. Uppsala County was chosen as study site since around 10% of
the agricultural land in the region is fallow land, which could be utilised for willow without displacing
land used for food production.
The result showed that even when considering spatial variations in the region, the climate impact of
growing willow for energy purposes was negative, meaning that due to increased carbon content in
standing biomass and soil (Fig. 1a), more carbon dioxide is taken up than released which gives a
cooling effect on the temperature (Fig. 1b). Willow energy can thus be grown on all fields in the
region to supply the local community with as much energy as possible, while being beneficial for the
climate. If the effect of replacing fossil fuels (coal or natural gas) is considered, the climate mitigation
potential is even higher.

COMPLEX RESEARCHERS INVOLVED
Torun Hammar, Swedish University of Agricultural Sciences (SLU), Department of Energy and Technology,
Contact: email: torun.hammar@slu.se
Cecilia Sundberg, Swedish University of Agricultural Sciences (SLU), Department of Energy and Technology,
and 2Unit of Industrial Ecology, Department of Sustainable Development, Environmental Science and Engineering, KTH
Royal Institute of Technology, Sweden.
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M O D E L L I N G T H E F U T U R E E N E R G Y S Y S T E M A N D C L I M AT E I M PAC T O F
UPPSALA, SWEDEN

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
environmental managers.
The Uppsala roadmap project was initiated in 2013 within the framework of the UCP, aiming to analyze
potential pathways and measures to reach the municipality’s long-term climate objective. It was funded by
the Swedish Energy Agency and COMPLEX. As a central piece of the project, the Uppsala roadmap model
was developed with the intention to provide an overview of the current energy system and indicate
possible trajectories towards the realization of a low-carbon society. The roadmap contains a number of
future scenarios where emissions and energy demand are simulated. An inclusive process was initiated,
bringing together members of the climate
protocol and adopting a ‘whole system’
approach, including technical requirements,
social learning and adaption, policy and
legislation. The stakeholders involved include
universities, the municipality, local energy
companies,
politicians,
non-profit
associations, local residential corporations,
academic building corporations and
municipal companies including waste and
water management. Workshops were
organized to identify possible measures for
local future scenarios, focusing on issues such
as electricity generation, smart grids,
bioenergy production and district heating
generation. Results from the workshops fed
into the scenario building and modeling of
future energy systems, which was performed
by the researchers in the project.
COMPLEX RESEARCHERS INVOLVED
Cecilia Sundberg, Swedish University of Agricultural Sciences
(SLU), Department of Energy and Technology, and Unit of
Industrial Ecology, Department of Sustainable Development,
Environmental Science and Engineering, KTH Royal Institute of
Technology, Sweden.

Full reference: COMPLEX D6.5 report
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G A M I N G A P P ROAC H E S B R I D G I N G D E C I S I O N M A K E R S A N D M O D E L S

The task 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 relationships between the decision makers
and the model. Thus we used a gaming approach,
adapting an off-the-shelf computer game (Democracy)
and “trimming” it to serve our specific purpose (i.e.
Swedish decision making with regard to tasks related to
low carbon societal transitions - especially oriented at
centrally positioned political actors, or actors with tasks
across sectors). We arranged a sequence of small theme-oriented seminars for experts in various fields in
order to identify the required changes in the 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).
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 was used to support reflections about conditions to political choice.
Thus it is not primarily the predictive power (which may be limited under the complicated and
unsettled circumstances at hand) that is at the center for the exercise, but the capacity of the
specific experimental gaming environment to be used as a didactic reflective tool.
The systems aspects were strongly highlighted. This was less due to the specificities of the large
model, but more through the initiation of reflections about the limitations that the model world
exposed, e.g. causality related issues, not least connected to risk assessment and handling of
uncertainties of different kinds.
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). 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).
COMPLEX WP4 RESEARCHERS INVOLVED
Sebastiaan Meijer, School of technology and health, KTH Royal Institute of Technology, Sweden.
Uno Svedin, DSV and Stockholm Resilience Centre, Stockholm University
Sara Borgström, Stockholm Resilience Centre, Stockholm University
Full reference: COMPLEX D6.5 report
Raghothama, J & Meijer, S, 2015. What do policy makers talk about when talking about simulations? ISAGA Proceedings,
Japan 2015 (a full paper is under preparation).
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A CORTICAL NETWORK MODEL FOR COGNITIVE AND EMOTIONAL
INFLUENCES IN HUMAN DECISION MAKING

A central issue related to climate change and the regional path to a low carbon society is how we can
change our mind-sets, including our associated behavioral patterns.
Individual decision making is a
complex process that involves
both cognition and emotion. This
part of the study concerns the
development and application of
a neuro-cognitive model with a
focus on the decision making
process (DM) of an individual in
a social context. The objective is
to contribute to an understanding of the relation between individual decisions of citizens and the decisions
to be taken by policy makers. Our computational model includes effects of personal factors, behavior and
environmental factors, based on neural structures, dynamics and functions. Based on the developed neurocognitive model, we also model interaction of several individuals for social decision making, exemplified
by choice of transport from home to work.
Our model is intended to give insights on the emotional and cognitive processes involved in DM under
various internal and external contexts. We are also interested in the relation between short and long term
decisions, where individual preferences and attitudes play a crucial role. Knowledge and experience of
the outcome of our decisions and actions can eventually result in changes in our neural structures, attitudes
and behavior. In such a feedback loop between individuals and environment/society trust is an important
parameter that we explore further. Our trust to public transport systems is important if we, for example,
are to change our travel behavior from using car from home to work, to taking bus or train instead.
Simulations with our model suggest that individuals may be more or less sensitive to reliability of public
transport, depending on attitudes and preferences – and can shift behavior more or less rapidly if
external circumstances, such as cost, time and availability changes.

COMPLEX WP4 RESEARCHERS INVOLVED
Azadeh Hassannejad Nazir and Hans
Liljenström, Div of Biometry and Systems
Analysis, ET, SLU
Contact: azadeh.nazir@slu.se ,
hans.liljenstrom@slu.se
Full reference: Hassannejad Nazir A and
Liljenström H, 2015. A cortical network model of
cognitive and emotional influences in human
decision making. Biosystems. 136:128-41.
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5. Model Infrastructure & Model Integration (WP5 and 6)
WPs 2, 3 and 4 were organised thematically and directed towards regional contexts.
WPs 5, 6 and 7, however, were cross-cutting activities. As planned in the Description
of Work, the boundary between two of the cross-cutting WPs (5 and 6) is now very
hard to maintain, as the two sets of activities have converged. WP5 developed a
suite of modelling tools that could facilitate the participatory approaches described in
WPs 3 and 4. These models generate scenarios of possible futures at the global,
national and regional levels quantifying the economic (including energy sector)
trajectories together with the impacts on emissions and temperature. The models are
designed in a flexible way so that they can be re-parameterised quickly to respond to
new circumstances and be integrated (linked) with other established models (e.g.,
CGE-based models). WP6 dealt with general challenges related to modelling when it
was used for producing policy options for low-carbon economy.
The ultimate goal of the modelling suite developed under WP5 was to quantify
impacts of climate change mitigation policies across economic and social sectors,
while explicitly tracing feedbacks across scales and between systems, and
accounting for non-linearities in socio-economic systems. However as the modelling
toolkit evolved, the level of integration increased so that WP6 was able to consolidate
a generalized ‘socio-environmental model space’, which included empirical models,
conceptual models, complex computer simulations, data sets supplied by WP2-5
and, indeed, by WP6 itself.
The COMPLEX project’s model repository and hierarchy of models was based on
inputs from all WPs. We have been guided by the principle that a model is any
simplified representation of reality. The repository was aimed to support collaboration
within the project and beyond in designing, coding, debugging, testing, documenting,
and usage of models and modelling frameworks. Currently, it consists of 23 socioenvironmental models, which support research on climate change mitigation actions.
These models are very diversified in different aspects:
(1) model domains: climate, hydrology, land use, policy, and economy;
(2) spatial characteristics: vary from global level to regional level and even having no
spatial dimension;
(3) temporal characteristics: range from yearly to hourly levels;
(4) model type: most of them are quantitative and few are qualitative;
(5) license type: some are open to the public and some are proprietary;
(6) methodology used: agent based, system dynamics, cellular automata, etc.;
(7) programming language used: Vensim, Netlogo, GAMS, FORTRAN, Matlab, C++,
etc.
By the end of the project some of the models have been finalized, while others are
available as prototypes. More advanced versions will continue to be developed
beyond the project’s lifecycle.
We integrated models/modules into a system of models (i.e., two or more interrelated
and independent domain-specific models linked together to create a holistic view of
economic-energy-climate system). Both software and ‘human-ware’ solutions were
explored. The Distributed Model Integration Framework (DMIF) has been
developed to work with models wrapped as web services. DMIF is a web based
model integration framework designed to link heterogeneous models developed using
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different programming languages, hosted on different operating systems, and located
anywhere on the Internet. To turn heterogeneous models into interoperable
components we used wrappers that made models available as web services. By
using this approach we were able to convert models developed using such diverse
programming tools as GAMS, NetLogo, C++, etc. into interoperable components.
An important functionality supplied by DMIF is that it allows running models in users'
browsers without any prior installation and setup. Once the model is wrapped as a
web service it becomes available for users in their browsers, while DMIF provides the
basic interface to run the model and analyse the results. In addition, DMIF provides
generic interfaces to link web service models in runtime. We define runtime
integration as an integration method in which users can select and integrate properly
wrapped models using a graphical user interface, during the time of usage. The user
needs to provide a URL of the service description, then the system will fetch the
properties of the underlying service (inputs and outputs) and expose them in the
browser based GUI to connect to appropriate data flows from other services. By
using this interface, we can access different web service based models regardless of
their underlying software and hardware platforms, and their location. For runtime
integration users can define the workflow and data exchange pattern between the
participating models. If the data produced by one web service require complex
conversion (say aggregation or disaggregation) before passing it to the next web
service then skilled users can develop data conversion web services and can include
them in the workflow. Simple conversions can be performed directly in the interface.
In this way we created a powerful modelling tool that can enhance stakeholder
participation working with models, using them as standalone components or in
connection with other models or data sets.

5.1 The challenges posed by integrative modelling
One of the key challenges in our focus is the multiplicity of the types and the number
of models, which are used. Within the COMPLEX project alone, 23 modelling
frameworks are developed and applied. Their types range from conceptual models to
system dynamics models, to general equilibrium models and to agent-based models
– to name a few. Naturally, the model suite of the COMPLEX project represents a
very small fraction of models, which have been put forward by researchers working in
the field of economic-energy-climate modelling worldwide. Such a variety is not to be
seen as a surprise. The economy-energy-climate systems are highly complex, their
dynamics is subject to various nonlinearities, and inherent uncertainties are profound.
These make it impossible to even think of a single model that would be able to
capture all necessary components. In this context, we address two major issues:
model linking, including a fusion between qualitative and quantitative modelling and
integration within multi-model ensembles.
In addition, WP6 dealt with the cognitive foundations of decision-making; it also
provided proof-of-the-concept studies on the role of price and heterogeneity of
countries/regions in global integration assessment models; finally it develops
exploratory spatially explicit economy-landuse modelling framework

5.2 Tools for Integrative Modelling
Integrated climate-energy-economy models are a fundamental tool to assess the
socio-economic and environmental impact of climate scenarios and mitigation
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policies. Currently, there is a great variety of models developed under different
approaches, operating at different scales, which are being used to assess different
questions related to climate mitigation. All of these approaches have their pros and
cons and, in recent years, there is an increasing interest in integrating different
models in order to get benefit of their respective advantages and to overcome their
limitations. In WP5 we have developed an Integrated System of Models (ISM)
combining the strengths of various models by utilizing the state-of-the-art in climate,
economics, energy technology, and individual behaviour change literature as well as
in modelling techniques including computational, integrated and participatory
modelling. The IMS set up in WP5 combined climate-energy-economy models
operating at different scales. Specifically, we considered a global Integrated
Assessment Model (IAM) and global Systems Dynamics (SD) model, a country-level
Computable General Equilibrium (CGE) model and an Agent-Based Model (ABM)
that links behavioural changes among individual households to aggregated changes
in green and grey energy use and emissions at the regional level.
The work implemented in WP5 was carried out through a number of tasks. In
particular, we started with a literature review of the state-of-the-art in modelling
climate-economy and economy-energy systems at global, EU, regional and individual
levels (task 5.1). The Deliverable D5.1 presented a review of existing models in all
the four involved modelling paradigms: IAMs, SD, CGE and ABM. Importantly, we
focused on the theory and practice of modelling abrupt non-linear changes in
complex systems, not only looking at such changes in climate system but also in
socio-economic systems (Deliverable D5.2). After the main gaps were identified,
WP5 continued with the conceptual design of an integral system of models (Task 5.2
and deliverable D 5.3). Next two meetings with stakeholders were organized (Task
5.3): one in Brussels and one local in the Netherlands. The workshops had a dual
role of presenting and discussing models assumptions in order to integrate
stakeholders’ feedback in the modelling exercise, as well as a role of preselecting
climate and energy policy scenarios to run with ISM (part of D 5.7). The role of
climate change and the use of climate scenarios in each of the models employed in
ISM is discussed in the Deliverable D5.4.
With respect to data collection (Task 5.4) WP5 went beyond available data
sources used primarily in the macro models (IAM, CGE and SD) to run a micro-level
data collection by means of a survey carried out in the Netherlands and Spain in
2016 (Deliverable D 5.5). Specifically, the survey elicits the factors and stages of a
decision-making process with respect to the three types of energy-related actions
households typically make: (1) invest in an energy saving equipment, (2) energy
conservation due to a change in energy consumption habits, and (3) switching to
another energy source. The survey elicits information on the three main steps
preceding any of these actions: knowledge activation, motivation, and consideration.
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At each step, several psychological
factors (e.g. awareness, personal norms,
feeling guilt), economical (e.g. income),
socio-demographic (e.g. educational level,
age), social (e.g. subjective and social
norms), and structural and physical (e.g.
energy label and ownership of dwelling)
drivers and barriers are considered and
estimated (Niamir and Filatova, 2016). The
survey data has a potential to elicit the role
of information and awareness barriers that
prevent households from different income Distribution of motivation to take an action
and
educational
backgrounds
from among different income groups.
reducing their energy and CO2 footprint. The detailed statistical analysis of the
survey data will continue beyond the COMPLEX lifetime. The embedded figures
present an example of the distribution of currently used electricity sources and
motivation to take one of the actions (invest, conserve or switch).

Sources of electricity used by households in Spain and Netherlands. Source: own survey data

Finally, the software upgrade of existing models (IAM, SD and CGE) and design and
implementation of a new ABM is carried out (Task 5.5). The integration is realized
using specially-developed web-services (above), which provides software wrappers
to assure that different models exchange data. You can read more about these in
D5.6 and 5.7 on our webpage.

5.3 Distributed Model Integration Framework (DMIF)
The foundational base for WP6 is the COMPLEX project’s model repository and
hierarchy of models assembled by WP6 (Twente) based on inputs from all WPs. We
are guided by the principle that a model is any simplified representation of reality.
The COMPLEX model repository aims to support collaboration within the project and
beyond in designing, coding, debugging, testing, documenting, and usage of models
and modelling frameworks. The COMPLEX model space consists of a number of
socio-environmental models, which support research on climate change mitigation
actions.
We integrated models/modules into a system of models (i.e., two or more interrelated
and independent domain-specific models linked together to create holistic view of
economic-energy-climate system). Both software and ‘human-ware’ solutions are
explored. The Distributed Model Integration Framework (DMIF) has been developed
by WP6 (Twente) to work with models wrapped as web services. DMIF is a web
based model integration framework designed to link heterogeneous models
developed using different programming languages, hosted on different operating
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systems, and located anywhere on the Internet. To turn heterogeneous models into
interoperable components we use web service wrappers. By using this approach we
are able to convert models developed using such diverse programming tools as
GAMS, NetLogo, C++, etc. into interoperable components.
The other important functionality supplied by DMIF stems from the fact that it allows
running models in users' browsers, without any prior installation and setup. Once the
model is wrapped as a web service it becomes available for users in their browsers,
while DMIF provides the basic interface to run the model and analyse the results. As
a result we create a powerful modelling tool that can enhance stakeholder
participation is working with models, using them as standalone components or in
connection with other models or data sets.

5.4 Linking EXIOMOD to a model of energy consumption
Energy consumption agent-based model developed in WP5 by Twente includes
behaviour constraints and bounded rationality; it is linked with the EXIOMOD model
to better inform future climate scenarios. This is a proof-of-the-concept example of
integration of models of different geographical scales done within COMPLEX.
The integration of the two models is aimed to assure direct feedbacks between
potential behavioural change with consequent changes in market shares of low
carbon energy vs. fossil fuel based energy and impacts of these on other sectors of
economy (ABM=>CGE), and as well as accounting for non-residential electricity
demand and changes in households incomes as economy evolves (CGE=>ABM).
While EXIOMOD simulates the connections across economic sectors equilibrating
annually over many markets of various goods and services within an economy, the
ABM will zoom specifically into the energy market, where preferences and energy
consumptions choices driven by individual behaviours of households play a decisive
role. This more detailed and conceivably more realistic representation of the energy
sector promises to yield new budget shares a households spend on (i) energy vs
other goods, and (ii) LCE vs. fossil fuel energy sources which then impact the
performance of the entire economy.

5.5 Linking the EXIOMOD model and a climate-economy GCAM
WP6 undertakes an innovative effort on creating soft linkages between large models
so as to create a system of models. The exploratory work on coupling models is done
with the EXIOMOD and GCAM models from WP5 by Twente, TNO and BC3. The
EXIOMOD model is a CGE model that evaluates the economic impacts of different
environmental policies given scenarios of technological change. GCAM model is an
integrated assessment model of climate change that evaluates the effects of climate
change on the economy as a whole and on the energy sector in particular. The soft
integration of these two models is organized in a sequential way: the EXIOMOD
results on labour productivity are used as inputs into GCAM to generate scenarios of
the future energy mix, penetration of new energy technologies, energy prices,
emissions and temperature (more details can be found in WP5 report). These outputs
are again then used as inputs into the EXIOMOD.
By linking these models, we developed a fully integrated system of climate and
economy, with which we simulated two scenarios: (1) business-as-usual scenario
that simulates the situation when there is no climate change policy intervention and
(2) policy-based scenario, in which the UNFCCC policy targets set by different
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regions and countries are fed into GCAM and their effect on the different sectors of
the economy is captured in EXIOMOD. Preliminary results indicate that by linking the
models we are able to simulate complex climate and economy system feedbacks,
which could be hardly accomplished using stand-alone model components.
Sensitivity analysis is still to be done to derive robust scenarios.

5.6 Contextual Interaction Theory, systems dynamics and land use
Beyond the project DoW, OCT, NIERSC, MPG and Twente teams undertook an
exploratory exercise on interpreting the (semi-qualitative) Contextual Interaction
Theory (CIT) in a quantitative language of system dynamics (SD), and further
incorporated this SD module of actor dynamics into the APoLUS land use model
developed in OCT.
In the earlier versions of APoLUS developed by WP3, the actor state variables
partially adopted from CIT, such as motivation, cognition, resources, power, and
affinity were time-independent (static parameters). An approach to model the
dynamics of these variables in the SD language was elaborated, and several
alternative specifications of SD models of actor dynamics (from quasi-linear to
strongly nonlinear) were developed. These SD models now allow simulating the
dynamics of the above listed actor state variables, presenting the simulation results
as time series Kovalevsky et al., 2017, in press).
Respectively, now time-dependent actor dynamics variables generated by SD
model(s) are incorporated in the code of land-use cellular automata APoLUS model
(where the transition rules between the successive states previously depended on
corresponding static actor parameters). Essentially, the major added value of this
exercise is seen in updating the APoLUS from ‘land-use cellular automata model with
actor statics’ to ‘land-use cellular automata model with (explicit) actor dynamics’.

5.7 EXIOMOD model and a global climate-energy-economy SDEM
Both models attempt to represent a global coupled climate-economy system. In order
to carry out this inter-comparison exercise, the original complex multi-sector
EXIOMOD model was simplified into an aggregated one-sector model (the model
machinery remained to be based on the CGE modelling paradigm). This simplified
EXIOMOD model was then compared with the out-of-equilibrium (system dynamics
based) SDEM model in two versions: (i) a single-region, one-sector version and (ii) a
few-region, one-sector version. These SDEM versions were specified so that to
reflect the main assumptions of EXIOMOD with an essential difference between them
being the pricing mechanism. While EXIOMOD relies either on the instantaneous
price adjustment in Walrasian price adjustment mechanism (the so-called "Walrasian
closure") or, alternatively, on the demand-driven economic dynamics with rigid prices
and quantities (the so-called "neo-Keynesian closure"), SDEM is essentially based on
an assumption of a finite price adjustment speed in Walrasian price adjustment
mechanism. Thus, the undertaken exercise attempts to study the role of the
instantaneous market clearing on capital, labour, and consumer goods markets. In
the latter, dynamic regimes of idle capital, idle labour [unemployment], and stocks of
unsold consumer goods are allowed. Simulations show that the out-of-equilibrium
SDEM model yields qualitatively different economic dynamics, with substantial
deviations from economic pathways generated by the simplified version of the
EXIOMOD model. Particularly, out-of-equilibrium version of the model tends to
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produce high-frequency oscillations superimposed on overall steady economic
growth that are naturally interpreted as business cycles.

5.8 Comparing one-region SDEM model with the multi-region
version
This task is built on the SDEM model developed by NIERSC and MPG in WP5.
SDEM model is a dynamic model of the coupled climate-socioeconomic system
focusing on the strategies of key aggregated economic actors making decisions often
pursuing conflicting goals. Jointly they govern the dynamic evolution of the socioeconomic system. In the current version of the model, both fossil-fuel-based capital
and renewable-energy-based capital determine the production function. We compare
a business-as-usual scenario (no mitigation policy) with various mitigation scenarios
defined by different level of the global carbon tax rate. The revenues from the carbon
tax are recirculated into the economy in the form of investments in renewable-energybased capital. We explore both the case of constant productivity of renewableenergy-based capital and the case with endogenous improvement of renewableenergy productivity through learning-by-doing effects. The model simulations
demonstrate that efficient mitigation policies are feasible with readily affordable costs.
From this, we develop a regionalized IAM along the same methodological lines. We
consider a large country composed of two regions characterized by different climates
and levels of economic development. This is coupled to large residual "country"
representing the "rest of the world". It is assumed that a harmonized carbon tax is
imposed in both regions of the country and also in the rest of the world. We explore
to which extent the transfer of money from carbon tax revenues between the two
regions undertaken by a national government can moderate regional disparities in
economic development and climate change impacts (Kovalevsky & Hasselmann
2014).

5.9 “Multiplication” of models
There have been developed multiple alternative global and regional economy-climate
models evaluating plausible future scenarios of economy-climate system
development. Often scenarios produced by different models give rather different
outcomes; by integrating scenarios based on multiple models, scientists hope to
decrease uncertainty and eliminate the bias of a particular model.
Several approaches have been suggested in the literature for integration of models
from multi-model ensembles. Within the COMPLEX project, we have developed a
novel Bayesian-type methodology for posterior integration (reconciliation) of
independent probabilistic models describing uncertain systems from different
perspectives resting on selection of the models’ posteriorly compatible outcomes. We
consider two (or more) independent alternative stochastic model outcomes as priors
and, conditional to the event, that both models generate the same (but unspecified)
outcome, we suggest a Bayesian formula to define the posterior probabilistic
distribution function. Due to its properties, this integration method can be referred to
as “multiplication” of models. Note that in this approach, the quality of the model’s
performance in the past and present does not play a role.
We have developed three case studies here. The first case study, developed by
IIASA, dealt with the integration of two alternative estimates of the net primary
production of carbon by Russian forests. While one estimate comes from the
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combination of all available empirical and semi-empirical methods, including the
ground based observations and the remote sensing data, another one relies on the
results produced by the available dynamic global vegetation models (DGVMs). The
two prior estimates differ by up to 23% across the considered climatic zones.
Elimination of these gaps via the multiplication of models helps better quantify the
terrestrial ecosystems' input to the global carbon cycle.
The second case study developed by IIASA jointly with the WP2 team focused on the
ensemble of sea level pressure models used in WP2. We considered four alternative
models of the sea level pressure; integration is performed in three cross-validation
runs per each season. We performed a comparison of two alternative integration
procedures: 'multiplication' of models and the integration procedure based on the
information criterion used by WP2. No one integration method appeared to be
consistently “better” across all experiments in reproducing both the mean and the
variance of the original distribution.
The third case study focuses on the uncertainty in climate sensitivity – see the
description in the next section.

5.10 Uncertainty using SDEM model and multi-model integration
In the third case study on multi-model integration developed by the IIASA team in
collaboration with partners from NIERSC and MPG employed the global version of
SDEM model, developed in WP5, and amended it with alternative climate sensitivity
functions, thus obtaining alternative models producing projections of the future GDP,
emissions and temperatures. We estimate future economic losses in GDP due to
climate change in each of the five models. Multiplication of models enables to obtain
more robust estimates across all models’ pair-wise combinations with a rather small
variance. We investigate a mitigation scenario of 30 USD per ton of CO2 and, after
the model integration, are able to report a more reliable estimate than prior models,
which suggests that in this case the climate change losses can be reduced by
approximately. 4 times.

5.11 An economy-landuse model at different geographical scales
The IIASA team developed a statistical methodology to summarize the knowledge
about spatial urbanization patterns in a region. The developed modelling procedure
was applied to the case study of the Province of Seville, Spain, from the WP3
research. We examined the association between urbanization processes over space
using resampling methods in regression analysis. In general, this work aims to
complement existing models of land use change by analysing the cumulative output
of urbanization processes over a single economic phase. The stage of data collection
consisted of gathering available data on potential explanatory variables related to
land use, population and economy from national and regional government sources.
We conducted experimental significance testing and parameter estimation using
methods of permutations and bootstrapping, and tested approximation accuracy of
the model on a GIS lattice. The developed statistical methodology shows that the
land use variable and spatially explicit proxy measurements on economic activity
contribute to population densification in case of Seville Province, but the process of
regional urbanization cannot be entirely explained by the selected drivers. Thus, a
land use modeller should necessarily incorporate uncertainty associated with
economic drivers in the model of land use change and use the quantified
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interdependence between population densification and urban land distribution to
refine the probability of change in different areas of the land use map.

5.12 Modelling cognitive foundations of decision making
This work is shared between WP4 and WP6. Computational methods include a
combination of cognitive and spatiotemporal modelling approaches with energy/life
cycle and socio-economic models, which capture various perceptions, attitudes, and
interests regarding regional land use under different scenarios on the path to a low
carbon society. In particular, the SLU team has developed a model for decisionmaking, where several levels of complexity are integrated. Our neuro-cognitive model
of the decision making process (DM) of an individual is applied to the choice of
transport in a social context, thus integrating ANN and ABM related techniques. The
objective was to contribute to an understanding of the relation between individual
decisions of citizens and the decisions to be taken by policy makers. Based on the
developed neuro-cognitive model, we also model interactions of several individuals
for social decision making, exemplified by choice of transport and with consequences
for climate change. Our model was intended to give insights on the emotional and
cognitive processes involved in DM under various internal and external contexts. We
also addressed the relation between short and long term decisions, where individual
preferences and attitudes play a crucial role. Knowledge and experience of the
outcome of our decisions and actions can eventually result in changes in our neural
structures, attitudes and behaviour. Such a feedback loop between individuals and
environment/society trust is an important parameter that we explore further.

5.13 Model Application and Deployment
The remainder of this section will be devoted to a number of policy briefs intended to
explain to a range of stakeholder communities why we believe the modelling
infrastructure we have developed will be useful. We should emphasis, however, that
these briefs are a subset of the modelling case-studies the project has undertaken.
Volume 3 of our Final Scientific Report: Establishing Policy Relevance contains
additional case-studies and supplementary information. This volume became large
and has been split into two, 3a and 3b. Both can be downloaded from our web-page.
Information about the models themselves can be accessed from our model
repository, also on the project web-page.
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Why it matters 6: Structural uncertainty
Elena Rovenskaya
Joint work with Arkady Kryazhimskiy, Anatoly Shvidenko, Anna Shiptsova, Dmitry
Kovalevskiy and Klaus Hasselmann

Motivation
Science is challenged to provide information relevant to societal decision-making,
and when models are expected to provide input, appropriate interpretation of their
results becomes very important (Stainforth et al. 2007). Decision-makers would like
science to provide exact and unique numbers on future climate conditions, but this
demand is contrasted by uncertainties inherent in any future climate projection
(Weigel et al. 2010). Obviously, no full “objectivity” in the choice of model
assumptions and parameterization can be achieved - instead, this choice is typically
done by researchers based on their expert knowledge and experience. That is why
structural uncertainty in such models is unavoidable (Knutti 2010).
Multiple models have been put forward by individual scientific groups to represent
and analyse parts of the complex dynamic climate-society system. Using multiple
models is expected to improve our understanding of the system.
Indeed, in short- and medium-range weather forecasting, for example, it has been
demonstrated, in the early 1960s, that combining different forecasts from individual
forecasters can be beneficial (Hagedorn 2005).
Multiple models can be used as a tool to potentially narrow uncertainty – forecast
quality can improve by combining models provided the errors cancel each other
(Tebaldi and Knutti 2007). In its simplest form, a multi-model ensemble forecast is
produced by merging individual forecasts with equal weights (Hagedorn et al. 2005).
Non-equal weights can be used based on the performance in the past (Tebaldi and
Knutti, 2007). When models are spatially explicit, output is multi-dimensional, time
horizons are long and models are many, the problem of multi-model integration
becomes a big data issue too.
The need to rely on multiple models when developing recommendations to policy
makers regarding how to move to a low carbon economy is also recognized by IPCC,
who formulated their Recommendations for Model Selection, Averaging and
Weighting (IPCC 2010).
Contribution of the COMPLEX project to the field
The project made the following important contributions:
•

•
•

Developed a method of integration of alternative stochastic model outcomes
with a theoretical foundation, which does not relate to the “performance in past
and present”
Demonstrated how the method works in two case studies
In one of the case studies, analysed the role of structural uncertainty w.r.t.
climate sensitivity in a stylized climate-economy model with carbon tax
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•

Facilitated the cross-disciplinary dialogue of representatives of the
communities dealing with multi-model ensembles in different fields related to
climate change, identified common challenges and promising approaches to
be examined

Example of results: Investigation of the structural uncertainty w.r.t. climate
sensitivity in a stylized climate-economy model with carbon tax
In this exercise, we employ a stylized integrated assessment model (IAM) with
stochastic climate sensitivity and a nonlinear climate damage function taking out a
part of the global output. This model is a simplified and modified version of the
previously developed Structural Dynamic Economic Model (SDEM) (initially
presented by Barth (2003) in an inter-temporal optimization setting, also extensively
studied by Kovalevsky and Hasselmann, (2014) and Kovalevsky (2014) in a system
dynamics setting.
The model consists of dynamically interconnected global economy and global
climate, whose dynamics is controlled by the saving rate, the carbon tax rate, and the
share of carbon tax revenue allocated into improving the carbon efficiency. It is
assumed that the collected carbon tax revenue is redirected into the economy in the
form of purpose-oriented “green” R&D investment aimed at increasing both energy
and carbon efficiency.
Climate sensitivity may be the most prominent example of an important parameter to
which models are sensitive (Tebaldi and Knutti 2007). The range of realistic climate
sensitivities is approximately 2.0–4.5 C. Most of the results indicate a substantial
probability that climate sensitivity might be higher than 4.5 C, maybe up to 6 C or
more (Andronova & Schlesinger 2001; Forest et al. 2002, 2006; Knutti et al. 2002;
Murphy et al. 2004; Frame et al. 2005; Piani et al. 2005; Stainforth et al. 2005; Hegerl
et al. 2006). In this work we examine five alternative distributions for climate
sensitivity discussed in the literature (Dietz 2011; Weitzman 2012) and evaluate
corresponding outputs, including climate economic losses. We employ the integration
method developed by our team (Kryazhimskiy 2013, 2016), which derived an
integrated posterior probabilistic distribution by “multiplying” the prior PDFs. We
argue that this integration method can be applied when there is no ground to
differentiate models in terms of their reliability and performance in the past and
present is not used as addition input to integration. Because the performed
integration appears to reduce uncertainty across models, as well as uncertainty of
each model, by means of our approach, we are able to come up with a more reliable
estimate that suggests that the climate change losses can be reduced by ~4 times by
applying carbon tax of 30 USD per ton CO2.
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Why it matters 7: Climate Change, Climate Policy, and the Role of
Science
Klaus Hasselmann, Roger Cremades, Tatiana Filatova, Richard Hewitt, Carlo Jaeger,
Dmitry Kovalevsky, Alexey Voinov, Nick Winder
The agreement at the G7 summit to terminate fossil energy use by the end of this
century, together with other signs of a revived political concern for the climate
problem prior to the major climate conference in Paris in December, have rekindled
hope that the deadlock that has long characterized climate negotiations may be
finally overcome. But have the obstacles that have hindered progress in climate
policy really been removed? We suggest that the hindrances result from a disparity
between the aspirations of the public and the perspectives of policymakers, and that
the disparity results in part from the limited perspectives presented by the traditional
economic models that have been used by scientists to advise policymakers. Needed
is a new generation of more realistic models that relate the central issues of climate
change to other major problems of global society that policymakers face.
The reality of human-induced climate change is no longer seriously disputed.
Generally accepted is also that the economic costs of adapting to unmitigated climate
change exceed the costs of timely mitigation, and that any delay in mitigation actions
increases the total mitigation costs. Most cost estimates lie in the range of 1 – 4% of
global GDP. Applied to a global GDP growth rate of the order of 2% per year, this
translates into a delay in global economic development over the time period of
several decades relevant for climate mitigation of 0.5 - 2 years. This would appear to
be an entirely acceptable price for the preservation of our planet.
These results are not new. They have been published in numerous assessments of
the impact of climate change [1, 2]. Why then have the successive annual climate
conferences following the Rio Earth Summit in 1992 signally failed to respond to the
public expectations awakened by these analyses?
We suggest that the prime reason is that climate change mitigation has been
traditionally treated in the integrated assessment models used to advise policy
makers as a purely economic problem of optimizing growth, expressed in terms of
GDP. This divorces the problem of climate change from other major concerns of
policy makers striving to resolve the complex conflicts of modern civilization. Climate
change not only aggravates the conflicts – as is widely recognized – but actions to
mitigate climate change can also contribute significantly to their resolution – an
opportunity that has been widely overlooked. To recognize and exploit these
opportunities, however, the current integrated assessment models used to advise
policy makers need to be extended to include other important aspects of societal
interactions beyond the economics of growth.
Following the seminal limits-to-growth paper of the Club of Rome in 1972 [3] –
strengthened by the subsequent enhanced recognition of the major impacts of
climate change [4] and the explicit identification of planetary boundaries [5] – the
central objective of environmental economics is widely seen today as the
achievement of an equitable transformation to sustainability. This requires an
understanding and representation of the basic dynamics of the global socio-economic
system.
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In main-stream economics, the dynamical aspects are down-played through the
perfect market paradigm: it is assumed that external disturbances of the market are
automatically attenuated through the equalizing dynamics of supply and demand.
This complacency received a rude awakening through the global financial crisis,
which the traditional economic models failed to forecast or even foresee. It is now
generally recognized that the dynamics of the socio-economic system is highly
dependent on the strategies of key players, in particular in the financial domain,
which can result in highly unstable feedbacks. These need to be understood and
properly incorporated in the design of effective government policies. While the
instabilities and attendant shocks can perhaps be ignored in idealized
representations of long-term economic growth, they represent a central concern for
climate mitigation policies designed to transform the present socio-economic system
into a sustainable system governed by fundamentally different balances.
An immediate negative impact of the focus on economic growth has been to motivate
free-riding in climate negotiations. Climate is a common good that can be preserved
only through the joint action of all nations. A single nation acting alone experiences
costs – when expressed solely in terms of GDP – without significantly reducing global
warming. In his influential paper “The Tragedy of Commons” [6], Garret Hardin
argued that the preservation of a common good is feasible in this case only if there
exists an effective enforcement mechanism – which, unfortunately, is lacking in
international climate negotiations.
It has been pointed out by Ostrom and others [7], [8] that there exist nevertheless
numerous examples of voluntary cooperation, such as bottom-up renewable-energy
initiatives, that fail to support Hardin’s pessimistic assessment. These demonstrate
that the values, motivations and actions of society cannot be simply subsumed in the
concept of GDP. The initiatives of a numerous NGOs and CSOs, supported by the
results of many independent surveys in both developed and less developed
countries, demonstrate a growing commitment to climate mitigation. The recognition
of these values by governments through the replacement of GDP in integrated
assessment analyses by a more general well-being concept, encompassing, among
factors such as job security, equality, or health services, the multiple beneficiary
effects of a sustainable life style [9] – including the simple personal satisfaction of
contributing to the preservation of the planet - would change the current negative
assessment of a single country pursuing climate mitigation alone into a positive
asset. Free-rider countries would thereby be transformed into fore-runners striving to
become technological leaders in the sustainability transformation.
The importance of reframing the problem of climate change as offering win-win
opportunities rather than representing a free-rider problem has been stressed in a
number of recent publications [10, 11, 12, 13]. However, to have a stronger impact on
climate policy, these insights need to be translated into a new generation of actorbased models to replace the traditional GDP-based cost-benefit analyses that have
dominated the economic advice received by governments in the past [14].
How, then, should more realistic models be structured? The purpose of the models
should not be to identify a single optimal evolution path, but rather to translate the
mental models of policy-makers with respect to the assumed behaviour of important
economic actors (politicians, firms, investors, central banks, households, voters,
media, etc.) into quantitative system-dynamic, numerical simulation models. The
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computed socio-economic evolution paths, dependent on the postulated response of
the actors to the proposed policies, would then provide a quantitative basis, beyond
the capabilities of mental models, for the rational discussion and resolution of the
conflicts of interest that necessarily attend any socio-economic transformation
process. To remain communicable to policy-makers, however, the models should be
simple and readily modifiable, providing a flexible tool for clarifying the impact of
alternative hypotheses regarding the response of the relevant economic actors to the
proposed policies.
As example, we consider the inter-relation between climate change mitigation and
the resolution of the current Euro crisis, with focus on Greece. For many years,
Greece has imported more goods than it exports, with a mounting national debt. How
can this imbalance be redressed?
If Greece had its own currency, the solution would be simple: devaluation. The
increase in the price of imports relative to exports would stimulate domestic
production, increase exports, reduce imports, and increase employment, resulting in
a balanced budget. However, the “Grexit” option is rejected by the public majority,
both in Greece and other Euro countries. The symbolic political value of a united,
stable Euro zone must be accepted as a strong factual “benefit” in the search for an
optimal solution. The recent political controversy has accordingly revolved around
two remaining alternatives, the “austerity” and the “counter-cyclic investment”
approach. Unfortunately, both options have been debated without serious reference
to climate change mitigation.
Austerity advocates accord first priority to balancing the budget by reducing wages
and increasing taxes. It is assumed that the resulting reduced demand will induce
suppliers to reduce prices to clear the market, resulting in effect in an internal
devaluation. Proponents of increased investments argue instead that the response of
companies to a reduced demand is not to lower prices, but rather to reduce supply by
laying off workers. This further reduces demand, producing a vicious feedback cycle
resulting in a recession. Thus instead of attempting to immediately balance the
budget, governments should pursue a Keynesian anti-cyclic policy of sponsoring
investments that enhance domestic productivity and international competitiveness.
The budget can then be balanced in a second step, after these objectives have been
achieved – or in parallel, if the investments are provided as long-term foreign
contributions.
The actor behaviour underlying the optimistic versus the pessimistic assessments of
an austerity policy, together with the assumptions underlying the alternative
Keynesian investment proposal, can be captured in a very simple system-dynamic
model (Figure 1). This simulates the interactions and money transfer between eight
basic actors: producers (firms), consumers (households), governments, and banks,
separated into creditor (North) and debtor (South) countries (see Technical
Summary; the Vensim code of the model can be downloaded from
http://www.globalclimateforum.org/index.php?id=madiams).
In a balanced economy, all money flows, for example, the income and purchases of
households, or the taxes and expenditures of governments, are balanced. However,
it is assumed that for the first four years, the Southern government runs a constant
budget deficit, resulting in a continual build-up of debt, held by the Northern
government. After four years, the Southern government responds by a step-function
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increase in taxes and reduction of expenditures, either to balance the budget,
accompanied by a forgiveness of the debt, or to achieve a positive budget, if the debt
is to be slowly repaid. Which of the options is realized is relevant for the creation of
trust, but is of secondary importance for the question of the direct impact of the
resulting step-function reduction in the purchasing power of consumers on the
economy and employment level in the South.
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Figure 1. System dynamics sketch of an actor-based North-South model.
Money flows (bow-ties) between the actors (boxes) of the Euro creditor countries (North) and debtor
countries (South).
Figure 2 shows the impact on employment in the South of a step-function reduction in
demand for the three different response assumptions: (1) a perfect-market response,
in which prices, imports from the North and consumption are reduced in the South,
while consumption is increased in the North, but with no impact on employment; (2) a
real-market response, in which employers in the South lay off workers, further
reducing demand; in the absence of government stimulated investments, the
employment level rapidly drops, before gradually recovering after the resulting
decrease in wages has stimulated reemployment; and (3) government supported
investments, which cushion the laying-off of workers in response to the reduced
demand by providing new work opportunities. The South suffers a similar decrease in
consumption in this case as in case (1), but no significant decrease in employment.
The model is highly simplified: the excessive debts held by private banks at the onset
of the crisis have been assumed to have been transferred already to the public purse,
there is no distinction between various levels of society, or between forms of
employment, and the problems of societal and governmental reform underlying the
origin of the budget deficit are not addressed. The model nevertheless captures the
central controversy over the appropriate response to the Euro crisis, enabling a
quantitative discussion of the impact of the key assumptions – including an
appropriate modification of the assumptions resulting from the discussion.
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In practice, all of the five countries that faced a Euro crisis (in addition to Greece:
Spain, Portugal, Cyprus and Ireland) adopted an austerity policy. In all cases, the
countries experienced severe recessions, with high levels of unemployment,
particularly of young people, before gradually returning to a slow growth path – albeit
still with persistent high unemployment. In the absence of government supported
investments, the data clearly support the recession prediction, rather than the
assumption of a self-stabilizing market.
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Figure 2. Employment Employment level for three scenarios in response to a sudden balancing of the southerncountry budget: (1) perfect market response to reduced demand leads to lower prices, with no impact on
employment; (2) real market response to reduced demand, without government sponsered investments, leads to
strong decrease in employment, with slow recovery, and (3) government sponsered (green) investments
stimulates redeployment instead of unemployment.

The model indicates that the alternative Keynesian strategy of external investments
to boost domestic production, for example, in renewable energy, is by far the most
attractive option. Why was this not seriously pursued? Considerable funds did
indeed flow from the European Central Bank and IMF to the debtor countries, but
these were used primarily to repay debt than to invest in productivity.
We suggest that one of the reasons was that there were no major investment options
on the table that would have been attractive for both the debtor and the creditor
nations. Yet investments in renewable energy would have provided just such an
option. For the debtor nations, this would enable the replacement of fossil fuel
imports by domestic energy production, thereby creating jobs at the same time as
achieving a trade balance. For the creditor nations providing the capital, the monetary
costs would be offset by the well-being benefits assigned to the reduction of global
greenhouse gas emissions – which are independent of whether the emission
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reductions are achieved at home or abroad. A joint European climate mitigation effort
would have the further benefit of uniting rather than dividing the continent in its
response to the euro crisis. A global Green Marshall plan, first proposed by Al Gore
[15], has unfortunately not been seriously considered in the context of the euro crisis.
Similar opportunities for overcoming international conflicts through mutually beneficial
trans-national investments in renewable energy exist in other domains – for example,
with respect to the current increased influx of refugees to Europe from politically
unstable areas beyond Europe, or in international conflicts, such as the Ukraine,
exacerbated by the dependence on foreign fossil fuels. Scientists can support the
efforts to resolve these conflicts by providing readily communicable actor-based
system dynamic simulation models to estimate the anticipated impact of enhanced
global green policies in neutralizing at least the energy-based components of the
disputes.
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Why it matters 8: Guided coupling of models: from software to
stakeholders
In natural sciences there are many successful implementations of integrated
modelling through module coupling. Sophisticated climatic simulations are built using
this approach. Climatic models are further linked with hydrological or plant growth
models. The assumption is that it makes more sense to use existing well developed
and tested models as building blocks rather than build the whole system each time
from scratch. In socio-economics so far there have been only a few of such
integration attempts made.
Socio-economic models are more difficult to link because there is more subjectivity
and uncertainty in the drivers and variables used. There is even more systemic
change than in natural science, since we need to account for societal innovation and
adaptation, which in most cases is much faster than in ecosystems. In this case we
advocate for a stakeholder-guided process of module integration and call for more
transparency and participation in the modelling process. This means that
stakeholders should play a more significant role in deciding what modules are to be
linked, how they should be treated, and what scenarios should be analysed.
We developed the Distributed Model Integration Framework (DMIF), which is based
on the web service type of coupling and is geared towards more open ended and
collaborative module identification and assessment. When modules are wrapped as
web services they may be accessed with a regular web browser. The users do not
need to install any additional software and can explore modules as stand-alone
components, or build chains of modules by connecting outputs from one module to
inputs of other modules. Data sets and user scenarios can be also packaged as web
services and made available for integration. Clear instructions for further wrapping of
additional modules are provided. Detailed information about modules can be
presented in respective web pages that describe the assumptions and methods used,
the limitations and concepts involved. Some semantic mediation is provided to flag
'risky' linkages that are ontologically 'unusual' and may require some further
adjustments. Other web services can be called to take care of data conversion and
synchronization.
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Some important modelling systems have been already wrapped, including NetLogo
and R. This means that models developed with stakeholder participation in the userfriendly Graphic User Interfaces available with those systems, can be further included
into some more sophisticated integrated models and linked to other models, such as
Integrated Assessment models and economic simulations using the Computed
Global Equilibrium method. Of course, like in many other open source projects, the
future success of this approach will very much depend upon the users uptake of the
functionality and methods offered, and their future contributions to the stock of
models available as web services over the Net.
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Why it matters 9: Transparent, flexible model integration
Our models of climate and socio-ecological systems are based on our past
knowledge and data about the systems. However societies constantly innovate,
evolve and adapt in response to changing climatic and environmental conditions. The
future system is different from what the system was in the past. While we do not
know what exactly the future societal preferences and adaptations will look like, we
can assume certain ranges for model parameters that represent particular behaviour
patterns and policy decisions. By looking at model output for various combinations of
values of these parameters within these ranges, we can decide how sensitive the
system may be to policy interventions and can evaluate how systems may transition
under various climatic and socio-ecological conditions. However a meaningful
analysis of the parameter space and understanding of trends and ranges of system
outcomes is possible only when models are not very complex.
With integration, models can easily become increasingly more complex. Complex
models are hard to test, they are hard to communicate, hard to trust, and hard to
calibrate. They also tend to hide the extremes and dynamic properties. According to
Oreskes: “A complex model may be more realistic yet at the same time more
uncertain”. By providing functionality to link more and more modules and account for
more and more details, we are making it more likely for more complex simulations to
emerge. This does not help to critically assess the model assumptions and we may
easily end up with many useless metrics and interpretations that are already
abundant in conventional economic modelling. Too many models are driven by the
demand side and, as a result, do not properly account for limited natural resources
and planetary boundaries. As a result models get obsessed with economic growth as
the main solution, and focus on GDP as the most important indicator; even while it is
very well known that GDP cannot track well-being and has very limited value for
measuring what is actually needed for human happiness, health and satisfaction.
Way too often systems are assumed to be at equilibrium, with only marginal changes
allowed. In many cases only spatially uniform systems (either local, or regional, or
global) are considered, with over-simple assumptions about human behaviour
(rationality and homogeneity in preferences) and no account taken of adaptation and
social learning.
Instead of seeing integration as a path to an über model that piles up all the details
possible and ends up with a model that is impossible to properly analyse and use, we
prefer to see model integration as a way of making models more transparent and an
option to seamlessly explore the complexity continuum by switching various modules
on and off and testing the overall system sensitivity, both parametrically and
structurally. What happens when additional modules are added or removed from the
simulation? What happens when a complex model is replaced by a simplified
version? How can feedbacks and system adaptations change the outcomes of
simulation? To answer these questions we are making even complex models
available through easy to use web interfaces. We further provide functionality to
connect these models in various configurations and test how they can educate each
other. Moreover within the same interface we give access to some simplified models
that may be modified on the fly with stakeholder participation, and then also inform
decision and policy making.
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6. Integration and Project Legacy (WP6 and 7)
This section deals with those activities mounted under WP6 to manage information
flows between internal stakeholders (particularly scientists and consortium partners)
and those activities carried out under WP7 to manage information transfer between
the COMPLEX consortium and its external stakeholders and manage project legacy.
As explained above, we have used the word integrative to describe research that
brings hard scientists (natural scientists and engineers) into the same team as soft
scientists (humanists and NGOs) and requires them to engage with external
stakeholders on all phases of the project cycle from reconnaissance to problem
formulation and on to problem-solving activities.
COMPLEX is the latest in a series of EU-funded projects that have been developing
integrative approaches to the management of cultural and natural life-support
systems, receptivity to change and innovation. Perhaps surprisingly, this research
effort began as part of an effort to do something about the inequality of opportunity
experienced by contract researchers and adjunct personnel working on research
projects like this one.
A great deal of project-based research was (and still is) undertaken by personnel on
fixed-term contracts. Some of these researchers were fortunate enough to win more
conventional contracts, but the majority remained on the project treadmill over one or
two cycles and then quit. Most of these personnel were young and a large proportion
was female, so the inequality of opportunity they experienced had a strong gender
dimension. We felt it was wasteful to train these researchers to post-doctoral level
and then watch them disappear from the profession. Each cohort of new recruits was
exploring well-trodden dead ends, rediscovering what their predecessors already
knew, writing their findings up in their own words and dropping out of the system.
In 1993 the present writer, who had been a contract-funded researcher since the mid
80s, wrote a research proposal that would establish best-practice guidance for
information transfer within integrative research projects and make our findings
available to other contractors. Environmental Perception and Policy Making (EPPM)
had a budget of just 250,000 ECU and ran through 1994 and 95. The project
consisted of a small set of primary research activities on dynamical systems analysis,
applied systems modelling and anthropological studies of communities receiving
grants for environmental management. These were linked to a parallel research
action based on the method known as participant observation. Personnel would be
recruited to observe and support the process of knowledge exchange, both within the
project and between the team and external stakeholders.
EPPM was an integrative project nested within an integrative project. The team as a
whole was working with external stakeholders to understand their culture and
facilitate co-operation. The participant observers were also working with internal
stakeholders to the same effect. The result could properly be described as reflexive
in the sense that each of these nested projects reflected (i.e. had the same logical
structure and modus operandi) as the other.
We soon realised that reflexivity was ethically challenging. A noisy, argumentative
team could easily de-stabilise the external stakeholder communities it had been
created to serve. For the present writer, who believed academic debate and freedom
to be paramount, this was a salutary lesson. The scholarly right to argue both sides
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against the middle had to be offset against the rights of other stakeholders to make a
living and conduct their affairs as they wished. However, reflexivity was also an
opportunity. Experiments in conflict resolution and innovation-management that
would have been ethically unjustifiable in our work with external stakeholders could
be tested within the research team. If they worked well in this safe context, we might
then negotiate informed consent to try the methods among external stakeholders.
These three themes - effective inter-disciplinary knowledge-transfer, an
understanding of project legacy that included the aspirations of contractors, and a
reflexive relationship between internal and external stakeholders that can be used to
facilitate innovations - sustained a number of spin-off projects on systems modelling,
common-pool resource management, landscape dynamics and identity, of which
COMPLEX is the most recent. In the early Noughties of the 21st century, for example,
two EPPM veterans were co-ordinating EU-funded projects. The TiGrESS project on
space-time dynamics was co-ordinated by the present writer from Newcastle
University, and the Aquadapt project on water management in semi-arid regions was
co-ordinated by Paul Jeffrey at Cranfield University. The two projects overlapped in
many ways. Both were interested in the co-evolution of human beliefs and human
behaviour; both were interested in space-time patterns, resilience and system
dynamics and both were working reflexively.
TiGrESS followed the pattern established in EPPM of incorporating participant
observers into the team to supervise experiments in knowledge integration and refine
best-practice procedures. Aquadapt had designed an educational workpackage that
retained a small group of mentors, jokingly called the ‘wise old men’, to provide
guidance and advice and facilitate information transfer between researchers. The
present writer was the leader of this workpackage. In 2005 these two projects
submitted a joint report to DG Research titled "Breaking the Phoenix Cycle"
(hereafter referred to as Phoenix).
Phoenix picked up an observation than can be traced back to historical literature on
the decline and fall of the Roman Empire, to early ecological literature on predatorprey relations and theoretical ecology. Many ecosystems, including human activity
systems, pass through cycles of growth, lock-in, conflagration and renaissance.
These phoenix cycles are not the causes of historical change so much as a
synergetic by-product of cultural ecodynamics.
When institutions collapse, human suffering and collateral damage to planetary lifesupport systems becomes unavoidable. Phoenix argued that the world stood at the
threshold of a great phoenix cycle that would almost certainly undermine institutional
resilience and lead to geo-political conflict. If it were handled badly, it might even
destroy planetary life-support systems. Phoenix argued that our collective well-being
and possibly our survival as a species would be determined by our ability to disrupt
this cycle by innovating pre-emptively to prevent a global melt-down. The report was
published three years before the crash of 2008. The Cold War had been consigned to
history, Syria and Libya were still independent, sovereign states, ISIL had not yet
achieved global notoriety, the EU was still expanding and politicians were boasting
that the days of boom-bust economics were over. Nobody wanted to hear about an
incipient catastrophe that might compromise planetary life-support systems and destabilise political institutions.
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6.1 Putting COMPLEX in context
The call to which COMPLEX responded was first published in 2011 and it was
inevitable that our work on non-conservative system-flips we would take the financial
crash of 2008 as a ‘type specimen’ of rapid, irreversible, non-linear change. However
we had no reason to imagine that the crash would be the last unwelcome system-flip
in the offing. The refugee crisis was building and Europe seemed to be entering a
period of geo-political turbulence. The probability of a smooth, equifinal transition to a
low carbon economy seemed vanishingly small and it was clear we would have to
mount some research on innovative dynamics. Accordingly, the COMPLEX proposal
stated that:
“The transition to a low carbon economy by 2050 will involve irreversible stepchanges in the cultural, economic and natural domains, with qualitatively different
socio-economic configurations before and after. COMPLEX will develop new
modelling tools for managing step-change dynamics by working across a wide range
of spatio-temporal scales, and integrating the knowledge of many stakeholder
communities, for example in respect of land-use change driven by carbon-related
technologies. By the time the low carbon economy has emerged, many vested
interests and culture-clashes will have been resolved and socio-natural systems will
have changed irreversibly. It is imperative that these transformations be managed in
a way that maintains social cohesion, prosperity and good governance. Our task as
scientists is to help policy makers facilitate qualitative change without compromising
cultural and natural life-support systems.”
We were aware, when we wrote this, that the systems we would be modelling and
the external stakeholder communities the team would try to serve would probably
experience rapid structural change while the project was running and that this
turbulence would require the team to model systems whose morphology (form) and
physiology (process) might change qualitatively within the project’s lifetime. The
events of the last four years have amply confirmed this expectation.
COMPLEX produced a monograph-length scoping statement titled: The Behavioural
Ecology of Project-Based Science that provided a brief description of earlier work
phoenix cycles before developing a new model of trans-disciplinary integration and
innovation-management. The monograph served two purposes; first it provided the
now familiar contribution to project legacy - a policy brief and best practice statement
for the benefit of the next cohort of contract-funded, integrative researchers.
Second, it described a working hypothesis about innovation management on projects
like COMPLEX. Our earlier research suggested that small to medium size projects,
with budgets between a quarter and a half that of COMPLEX, are much easier to
manage than large ones because communication-networks become gridlocked so we
planned a series of experiments in innovation management on larger projects.

6.2 Working with Stakeholders
The results of our stakeholder engagement are discussed in Volume 1 of our Final
Scientific Report: Towards a Model-Stakeholder Fusion. The word ‘stakeholder’ is
often used in an unfocussed and uncritical way and arguments about who, or what is
a legitimate stakeholder are deeply political. There is little evidence of American-style
climate denial in Europe, but there are many arguments about cross-policy
compliance. Many environmentalists believe that geo-political conflict, economic
66 | P a g e

globalisation and EU policies on fuel security and economic austerity are inimical to
decarbonisation, but these opinions can be kept off the scientific and political agenda
indefinitely by denying some stakeholders a voice.
Every politically contentious issue in natural and cultural resource management can
be re-framed in terms of arguments about stakeholder legitimacy. Many of those
research contexts can also be described in terms of ‘unacknowledged stakeholders’ dissidents and outsiders whose stakeholding all parties to the argument would
dispute. It is an old joke, in policy-relevant science that, when the argument is about
how best to drain the swamp, nobody wants to consult the frogs and fishes. To do so
would be to go against ‘common sense’ and would obviously be ‘unscientific’.
COMPLEX made a conscious effort to engage with unacknowledged stakeholders,
but there are levels of conflict beyond which integration may be impossible. Political
arguments often reduce to a dichotomy between political insiders and outsiders. Both
factions have invested heavily in that dichotomy and are often reluctant to allow
unacknowledged stakeholders to complicate the issue. They may even join forces to
drive the unacknowledged stakeholders out. After a prolonged period of cultural and
social exclusion, unacknowledged stakeholders may become so disaffected that they
would rather destroy institutional structures than become part of what they see as a
corrupt system. This tension between acknowledged and unacknowledged
stakeholders can presage rapid, non-linear change that drives institutions through
phoenix cycles of collapse and renaissance.
COMPLEX also made a conscious decision to avoid ill-structured or ‘wicked’
problem-domains, where policy-relevant science provides almost no leverage, and to
focus on moderate levels of complexity and relatively peaceful research domains. We
have used the word ‘stakeholder’ to describe a system whose dynamics the project
has influenced. A ‘system’ in this context, can be an institution, a community, an
ecosystem, an organism (human or not), or a population of organisms. Every system
has a living component and is engaged in some sort of dynamic process.
Systems whose processes the project has not tried to influence or which the project
has tried and failed to influence are not stakeholders by definition. The climate
system, the biosphere and the lithosphere, by this definition, are not stakeholders in
the COMPLEX project. An interesting consequence of this definition is that we, the
scientists working on the project and our sponsor, DG Research, are obviously
stakeholders and so too are the communities of farmers, the neighbourhoods and the
ecosystems our project has influenced together with our scientific peers, our
employers and the journals we have published in.
In practice, projects like COMPLEX influence stakeholders by a process of
information transfer. Information can be defined cybernetically as a transfer of data or
knowledge that modifies the recipient’s behaviour. There are two obvious
mechanisms that can achieve this; the project can transfer knowledge to a
stakeholder community, which modifies its behaviour accordingly; or it can receive
knowledge from a stakeholder community and change its own behaviour. These two
mechanisms are scientifically trivial in the sense that any specialist in knowledge
transfer or professional intermediary can manage them. The scientific dimension
comes in to play when the project creates new knowledge by a sort of synergetic
‘friction’ between stakeholder communities that changes the behaviour of one or
more community.
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An EU Green Paper published in 1995 defined innovation as ‘the successful
exploitation of novelty’. This definition begs interesting questions about what the word
‘successful’ signifies, but if we set these aside, it becomes clear that the creation of
new knowledge at the interface between stakeholder communities that (successfully)
modifies the behaviour of one or more of those communities can reasonably be taken
as an innovation.
Our work has focussed on two aspects of innovation; the first was the little Aha!
moment or epiphany that alerted an individual or small group to some new
knowledge. Although epiphanies are often experienced as sudden insights, our
research suggests that an extended programme of preparation is required to facilitate
them. We carried out reflexive experiments, both among internal and external
stakeholders to see whether epiphanies could be facilitated and concluded that it was
possible, with careful management, to increase the likelihood of these events, but
that an extended programme of preparation and thought was required to do this.
The second aspect of innovation that we worked on related to the question of
collective receptivity to the new knowledge. An epiphany that generates new
knowledge which stakeholder communities dismiss out of hand is much less likely to
ripen into a full-blown innovation than one which is considered sympathetically. On
the basis of prior research, COMPLEX decided to test the hypothesis that small
groups working in a safe, no-blame environment with no spectators would be more
congenial to science-based innovation than a large, multi-disciplinary melting-pot.
Our results, described below and in more detail in Volume 1 of the Final Scientific
Report, were encouraging, but the method we used to facilitate epiphanies frustrated
more conventional patterns of information exchange. Our cross-cutting
workpackages, particularly those engaged in model development, expressed
frustration that they were not encouraged to attend discussions with external
stakeholder communities and so could not gather the information they needed to
build models and participate fully.
Conventional information exchange requires a more robust and challenging approach
to integrative research than innovation management, which calls for small groups and
a safe, no-blame culture. COMPLEX was a large project and we needed both types
of integration. We found it difficult to facilitate both in the same project. Indeed, it
seems probable that COMPLEX was almost too large to make the integrative
approach work. Two or three smaller teams with the same budget would probably
have been easier to manage.
6.2.1 Innovation as threat and opportunity
The human ability to innovate is, on the one hand, the single most hopeful aspect of
our current situation and, on the other, an almost insurmountable obstacle to
conventional science. In order to predict the future evolution of the system, scientists
must postulate the existence of a set of structural components that will not be
changed in the foreseeable future. They must also develop theories or working
hypotheses that describe constraints on system dynamics. This method works very
well in periods of systemic resilience, but rather badly when systems are turbulent
and the power-relations and knowledge that hold these structures together are
slipping away.
The transition to a low carbon economy is unlikely to occur unless power-relations,
habits, beliefs and systemic constraints change, but those changes actually
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undermine conventional scientific methods. We need new methods and new theories
to function in these circumstances. The COMPLEX project has undertaken a series
of experiments in innovation management and documented them in Section III of
Volume 1 of our Final Scientific Report.
As explained above, many innovations begin with an epiphany or Aha! moment that
causes the individual to see the systems in which they are embedded and, often,
themselves, in a very different light. Although these epiphanies are often experienced
as rapid transitions, we had reason to believe (on the basis of prior experience) that
an extended period of preparation is required. The individual has to be wrestling with
a problem over a long period and working in a sufficiently disciplined way as to grow
new neural circuits. The epiphany occurs when those circuits come on-stream.
If this hypothesis were correct, it should be possible to use a project like COMPLEX
to facilitate epiphanies. There are two obvious ways of doing this. One would be to
recruit scientists to the team who had little prior experience of integrative research
and set them to work on a problem that could not be solved with their current skillset.
This would be a high-risk, high gain strategy. Many, perhaps most, would struggle to
come up with a consciousness-changing insight, but it might be possible, by
managing the process sensitively to increase the probability of a breakthrough.
The second way of facilitating epiphanies would be to engage with external
stakeholder communities that had been struggling with an intractable problem long
enough to have begun the process of cognitive re-wiring and to incorporate them into
the team.
We have explored both options; the first under Workpackage 6, and the second
under Workpackages 3 (in Sweden) and 4 (Spain and the Netherlands) and, to a
lesser extent, WP2 (Italy and Norway). It should be emphasised that these two
experiments were not carried out independently. Some (not all) of the personnel
working with external stakeholders under WPs 3 and 4 were actually learning these
methods on the job and, coincidentally, acting as subjects in the internal stakeholder
experiments co-ordinated by WP6 and run in parallel to WP7 (dissemination and
exploitation) because the integrative process requires a two-way exchange of
information.
It was originally intended that this work would be co-ordinated from Newcastle,
though it became clear that this was too far from the focus of our work with internal
and external stakeholders. Accordingly, the present writer divided his workload
between Newcastle and the Sigtuna Foundation, which specialises in outreach and
engagement and is closer to the Swedish, Norwegian and Dutch case-study regions.
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Why it matters 10: Turbulence at the Science-Society Interface
The core of our approach to innovation-management was to create a no-blame
culture, wherein people felt safe enough to take risks and think ‘outside the box’. We
deliberately avoided the ‘melting pot’ approach, keeping people in like-minded focus
groups most of the time and only bringing them together for carefully managed
‘milestone meetings’, each focussed on one or more specific deliverables. Some of
these milestones were held under informal ‘Chatham House’ type circumstances,
others were more formal workshops with delegates consciously representing
stakeholder communities. For some of these actions we obtained informed consent
was obtained to generate substantial datasets that could be analysed later. One of
our meetings in Sigtuna was filmed to create a detailed archive of experimental work
on innovation-management (Deliverable 7.5).

The present writer facilitated some of these meetings directly, but at others left the
work of facilitation to experienced colleagues and used the meetings to establish
informal relationships with stakeholders and do a little covert anthropological
research at the science/society interface. In anthropology covert research can be
ethically challenging and exploitative. However COMPLEX stakeholders know that
the recipient of this information is the co-ordinator and is paying close attention to
what they say. They often volunteer anonymous insights that they would not usually
discuss in open forum. Stakeholders whose official position was that there were no
conflicts worth worrying about, for example, might speak privately about a powerstruggle nobody wanted to discuss. A civil servant or policy maker might explain over
coffee that they belonged to a nationalist party on the right-wing of mainstream
politics or supported an emerging anti-austerity alliance on the left.
The existence of these dissident perspectives in society as a whole is hardly
surprising. These opinions can be sampled by spending a few weeks on social media
or reading activist blogs. However the fact that institutional actors and ‘acknowledged
stakeholders’ may privately endorse dissident views is interesting. It suggests the
consensus expressed in open forum may not be as solid as one might imagine.
The results of this covert research are too half-baked to be presented as definitive,
but were sufficient, if taken in conjunction with the project’s more substantive
findings, to trigger a cascade of new insights, each of which can be thought of as a
new research initiative. We make no claim of originality for these insights:
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Research Agenda 1: Social Cybernetics and turbulence. In Section 1.2 of this
report we developed an intuitive classification of non-linear system-transformations
that described a spectrum from conservative to non-conservative change. With
conservative change, much of what we know about the old system’s form and
dynamic process applies without loss of generality to the new. With non-conservative
change, however, we need one model of form and process for the old, another for the
new and a third to describe the transformation. Section 1.2 then added an extra layer
of complexity to the scheme by distinguishing equifinal systems from innovative
systems. Innovative systems are those whose end-state is conditional on knowledge
we have not yet acquired. Innovations can be explained, ex post but not predicted, ex
ante.
In the introduction to Section 6 we made a link between innovation as defined in the
Green Paper (the successful exploitation of novelty) and cybernetic information. We
argued that, although pre-existing information can sometimes flow from one
stakeholder community to another, information can also be created, de novo by a sort
of synergetic friction between stakeholders. Innovation-management requires us to
produce information de novo that participating communities could not have
assembled by juxtaposing pre-existing knowledge and exploit it.
It is always possible to build a model (quantitative or not) of an innovative system as
we currently understand it, but it is impossible to build a model that predicts the
system after innovation because the information needed to specify that model does
not yet exist. So the conventional, hard-science strategy of building a model of the
system before, after and during the turbulent episode cannot be made to work.
However, the covert research described above may indicate that we could build a
cybernetic model of systemic turbulence and use this to develop early-warning
indicators. This research might link to more formal modelling work, for example on
zero eigenvalue systems and to ideas about ‘complex causality’ and institutional
ecology developed in our monograph on the Behavioural Ecology of Project-Based
Science.
Research Agenda 2: Can we facilitate innovation by persuading stakeholders
to view a familiar system from an opponent’s perspective? Many institutional
stakeholders speak officially about the polarisation of society and the emergence of
extreme nationalistic and populist tendencies, arguing that these extremists are
dragging Europe back to the 1930s, but the nationalists and populists I have met,
both at stakeholder meetings and on-line, seem to believe it is not they who are
fanning the flames of extremism. 20 years ago, they say, their agendas were not
called ‘nationalism’ or ‘populism’; they were called ‘subsidiarity’ and ‘social
democracy’ and had been incorporated into EU law. The nationalisation of corporate
debt, they would argue, turned financial institutions into Soviet-style collectives that
could evade market disciplines by transferring the cost of their own incompetence to
taxpayers. The parallels with the 1930s austerity economics follow from what they
see as institutional extremism.
The observed dissonance between public statement and private opinion could either
be interpreted as evidence of an institutional veto that selectively blocks certain types
of innovation or as evidence of institutional turbulence that could trigger a future
innovation. Could we use this dissonance to facilitate innovation?
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Research Agenda 3: Management and Regulation of Innovation.
When George Bush Senior was asked why he didn’t favour a ‘stick and carrot’
approach to foreign affairs, offering a reward for co-operation, he said that he was
doing precisely this: “The carrot is that we may not hit them with the stick”. The
research we have done here suggests that managers who recruit inexperienced
researchers or work with external stakeholder communities, whose culture and
livelihoods are imperilled, will be better advised not to hit anyone with the stick. The
use of punitive action and rigidly enforced contracts to drive people outside their
comfort zones, makes it much harder to facilitate the innovation we require.
DG Research, like all stable institutions, has strict regulatory protocols for accounting
and reporting, and their research contracts have punitive sticks and remunerative
carrots to keep them moving in the right direction. In practice, DG Research tends to
be most comfortable with the natural science model, where the team speaks with one
voice and creates a uniform, auditable product. Innovation Management, however, is
a High-Risk, High-Gain activity that requires genuine delegation of responsibility and
a willingness to sanction deviations from established norms. Institutions that are
unreceptive to challenging ideas or unwilling to engage with unacknowledged
stakeholders can block innovation by refusing to sanction deviations from plans.
Regulators and managers must make strategic decisions about when to pull the team
back on-course, and when to let them follow their noses. The purpose of our
experiments on innovation management, for example, was to focus stakeholders on
a problem long enough to grow new neural circuits and later create opportunities for
those circuits to come on-stream. The project needed to have strictly enforced
constraints (a schedule of deliverables will do) and a regulatory regime capable of
keeping the team on-track. However, over-use of this regulatory stick destroys
executive ‘wriggle-room’ and blocks innovation.
Scientific stakeholders often
complain about the unreasonableness of regulatory protocols that punish them for
non-delivery. If that frustration boils over into anger, you can forget about innovation
because they will not co-operate. You cannot establish an optimal balance between
regulatory constraints and the enabling actions of day-to-day management and
maintain it unwaveringly. This topic is discussed at length in Volume 1 of our
Scientific Report. Further research would be valuable.
Research Agenda 4: Are there some circumstances where the multidisciplinary approach, though intuitively attractive, is unlikely to prosper?
The approach we trialled here required researchers to spend most of their time
working in coherent knowledge communities. Many of our natural scientists and
systems modellers found this approach frustrating. They wanted the project to act
and speak with a single voice, as it were, and to create a series of coherent
recommendations about the system. Our social scientists and humanists, on the
other hand, were more comfortable with multi-vocal outputs and much more willing to
accept that different stakeholder communities might have different ideas about what
‘the system’ is. For them, a crowd-control approach to integration would have been
counter-productive. The only way we could resolve this conflict was to exclude one
group or the other.
One of the most striking impressions the present writer has won from COMPLEX has
been that the co-called extreme right and far left of the political spectrum have a
great deal in common. They are more likely to feel that the subsidiarity principle has
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been neglected and that the nation-state and/or the region have been weakened.
Many stakeholders express the opinion that politicians have sold out to big business
and the banks, or complain that wars in Iraq, Afghanistan, Libya and Syria were part
of a conspiracy to de-stabilise those nations and strip their assets. Relatively few of
these people come across as political extremists; they are maverick insiders conventional, acknowledged stakeholders privately endorsing the opinions of
dissident, unacknowledged stakeholders.
Research Agenda 5: Turbulence at the Science / Society interface
COMPLEX actually made a conscious decision to avoid turbulent systems and
deeply antagonised stakeholder communities. However it was difficult to adhere to
this policy because a substantial minority of our stakeholders believed politicians,
financiers and/or multinationals were conspiring to block much-needed innovation.
Some of them saw scientists and technologists as part of a technocratic hegemony
that was making their lives needlessly difficult and compromising planetary lifesupport systems.
Any of the insights listed above could be the seeds from which an innovation might
grow and any scientist engaged in the sort of covert research I describe above must
sift through them, as I have and form some sort of opinion. The effort of doing this is
such that the scientist is dragged far beyond the conventional boundaries of policyrelevant science into a domain where the distinction of science from politics cannot
be maintained. Having formed that opinion, it would be almost impossible to get it
endorsed by project regulators or put it through peer review and get it published,
because it would be impossible to demonstrate that these statements are ‘true’.
Research Agenda 6: Can we model societal turbulence without Going Native?
The first 5 research agendas in this chapter are all related to the concepts of socionatural turbulence and reflexivity in policy-relevant science. In this 6th agenda, I wish
to set out a working hypothesis about the relationship between societal turbulence
and policy-relevant science.
By the time a statement is demonstrably true, the opportunity for innovation is long
past and a new consensus has already emerged. This is what systemic turbulence
feels like. Nobody knows, ex ante, what they should do or which of the possible new
insights will ‘take off’ and become the foundation of a pivotal innovation. Stable
institutions will be riven by conflicts of interest that prevent them acting on, or even
acknowledging, dissident insights and conventional scientists have insufficient
evidence to decide the truth or falsity of rival hypotheses. The innovation, if it
happens, will do so without the benefit of institutional endorsement or scientific
foresight as unacknowledged stakeholders and mavericks dismantle the old system
and create the knowledge that will sustain the new.
As the innovation gains momentum, the institutional veto will collapse and
conventional scientists will carry out an ex post analysis that explains why things
went down as they did and where scientists and institutional actors ‘went wrong’. The
textbooks will be updated to reflect these insights and students will be taught how to
distinguish between bad, old-fashioned predictive science and good, dependable
new stuff. A new status quo will be established and maintained till the next period of
turbulence comes along and the cycle repeats.
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If this model of the turbulent transition between attractors in an innovative system is
correct, then it may be possible for a scientist to identify the likelihood of a rapid
systemic re-alignment and even to summarise some of the most likely sources of
new information, but it would be impossible to do so and remain a scientist.
Anthropologists sometimes speak witheringly of colleagues who become draw into
the communities they study and forget how to communicate effectively with their
peers. They might say that ”So-and-so has gone native”.
The covert research I carried out for COMPLEX is consistent with the hypothesis that
conventional, policy-relevant scientists cannot model the turbulent transition that will
lead to something new and unpredictable without ‘going native’ and losing the ability
to communicate effectively with peers. This hypothesis would go some way towards
explaining why some unacknowledged stakeholders and mavericks anticipated a
system crash in the mid Noughties of the 21st century, but conventional economic
models, for the most part, failed to sound the alarm.
It would be interesting to test the hypothesis further and use the results to develop an
early-warning system that would alert scientists to systemic turbulence and enhance
receptivity to unorthodox views.
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Why it matters 11: Equality of Opportunity
Our project has had an on-going discussion on the subject of equal opportunity that
has explored a range of issues and invited external advisors to address the
consortium as a whole. We have also prepared data for DG Research on gender
balance within the project. Two issues stand out from this work strongly enough to
merit special mention. The first is the issue of communication.
In the early Framework Programmes, research findings could be communicated in
any of a number of core languages, but recent FPs have acknowledged that English
has become the new Latin and all reports and deliverables must be in that language.
This policy puts some scientists and many external stakeholder communities at a
distinct disadvantage. COMPLEX believes that the provision of translation and
editorial assistance for partners whose first language is not English could legitimately
be viewed as an equal opportunities issue. All of our personnel can converse fluently
in English, but the ability to write succinctly and to participate in intense, day-long
Milestone meetings demands advanced language skills. Personnel for whom English
is a second or third language may need additional support.
The second ‘equal opportunities’ issue we wish to raise relates to job security and
career development among contract researchers. This is an old problem and the
existence of concordats and equal opportunities laws designed to militate against
unfair discrimination have done nothing to resolve it.
The Editor of this report has been an untenured, contract-funded researcher for more
than 30 years. In the early days many contractors were employed under waivered
contracts that denied them severance pay and prevented them from co-ordinating
research projects or supervising students. Others were required to become self
employed, so the universities and research institutes that hired them would not be
required to make sickness or pension provision. A contractor who wrote a successful
research proposal was expected to put someone else’s name on the project as
Principal Investigator. Over the years legislation has been introduced that made it
illegal to treat contractors differently, but the beneficial effect of this legislation has
been attenuated by subtle changes in procedure and implementation that allow
employers to ignore the spirit of the law while protecting themselves from civil action.
It is always possible to apply the same human resource procedures to the two groups
in such a way that the burden of risk falls on the contractors.
Although it is now possible for a researcher on fixed-term contracts to be a Principal
Investigator, this remains rare and the contractor’s career path is shaky. The
professional life expectancy of a contract researcher is about five years. Although a
small number stay in the business much longer, the personal and professional risks
do not disappear as one wins promotion. The present writer, for example, has been
through redundancy four times over the last 30 years, most recently in December
2016. With Brexit in the offing, this latest system-flip is likely to prove irreversible.
In the late 1980s the European Framework Programme (FP) was largely directed
towards technical, problem-solving activities. The 3rd Framework Programme (FP3) in
the early 90s was the first to include calls to which humanists and environmental
scientists might reasonably respond, and which admitted a mix of theoretical and
practical case-study work. FP3 was governed by a principle that came to be known
as the European Value-Added and Subsidiarity Principle - The FPs would only
fund research that could not have been undertaken by individual member states. FP3
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allowed us to pioneer the integrative, ‘comparative regional studies’ approach, to
issues of international and global significance.
The FPs suddenly became the most exciting research arena for an applied
anthropologist interested in the management of cultural and natural life-support
systems. Although early projects still had to be fronted by tenured personnel and
contractors worked as the adjuncts of those tenured staff, the Framework
Programmes made it possible to develop the integrative methods described in this
volume and to manage project legacy so as to ensure that information would flow
from each cohort of contractors to the next. The professional failure rate remained
high, but some continuity was possible as a minority of contractors broke through the
glass ceiling to become Principal Investigators and experienced PIs moved into
mentoring roles or joined project Advisory Boards. After a couple of decades it
became clear (at least to contractors) that many of us had more experience of
integrative research skills than conventional, tenured academics. We developed
training programmes to help early career researchers un-learn what they were taught
at university and prepare them for integrative work.
The subsidiarity principle has taken a back seat since the emergence of the
European Research Council, and the crash of 2008 created a hiatus that has
damaged the careers of a whole cohort of contractors. H2020, though it provides
opportunities in the human- and environmental sciences, seems to be more focussed
on harmonising national and supra-national research than on subsidiarity and the
principal discriminator between national and supra-national research is no longer
defined in terms of the project’s scope as much as its scale. This is having a
damaging effect on the careers of the staff who make integrative research possible.
If H2020 values integrative research, then DG Research should consider ways
of establishing a career structure for adjunct researchers, contractors, CSOs
and SMEs.
Our work among external stakeholders has been critically dependent on networks of
trust and goodwill that were established long before COMPLEX came to town. These
networks must be curated and maintained after project close-down or project legacy
will be null. Many of the actions envisaged under H2020 will require access to similar
networks. It is therefore ironic that the key players in this work are often early career
researchers and adjuncts together with staff employed by NGOs, CSOs and SMEs
whose economic outlook is bleak. The European Research Area is currently
experiencing a skills haemorrhage that will compromise relations between H2020
initiatives and external stakeholder communities. It will also place the next generation
of research managers in an ethical bind because there is no established career
structure for the personnel they will recruit and train.
COMPLEX has worked hard to develop individual careers and manage personal exit
strategies, but ultimately this problem must be tackled at a higher level and H2020
has no instruments that would address it. Career and professional development
among contractors, NGOs, CSOs and SMEs is not just a question of maintaining
operational competence, it bears directly on the issue of equal opportunities in
science. There is substantial evidence of tacit discrimination against contract-funded
personnel. Men and women are not equally represented in these dead-end jobs and
my personal experience has been that the men in those jobs are more likely to
achieve PI status or promotion to a tenured position than the women.
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6.3 Postscript: Project Legacy
COMPLEX is the latest in a series of integrative projects stretching back to EPPM
and the 3rd Framework Programme that has exploited a congruence of interests
among contract-funded researchers, the institutional beneficiaries that administer the
project and the funding agencies that commission it. It is in everyone’s interests that
contract-funded researchers extend and build their skills, that project results are
disseminated widely through the grey literature of reports and policy briefs, through
public engagement and through mainstream academic and scientific literature.
Projects like ours devote substantial resources to mentoring and to skills transfer
between successive cohorts of adjunct and contract researchers. In the early days of
FPs 3 and 4, tenured academics were often heard to denigrate framework research
on the grounds that short, problem-oriented projects could not possibly develop an
open-ended research agenda. In fact the opposite is true; contract researchers, if
they can maintain a foothold in a competitive market, often have the best opportunity
to develop open-ended research programmes and acquire trans-disciplinary research
skills that conventional academics struggle to acquire.
The establishment of the European Research Council (ERC) marked a subtle shift in
attitudes towards work funded by DG Research and the establishment of the
Common Strategic Framework (CSF), with is emphasis on harmonising national and
supra-national research under Horizon 2020 and on simplifying the range of funding
instruments, has further undermined this congruence of interests. The 7th Framework
Programme is probably the last opportunity research managers will have to enhance
project legacy by facilitating information flows, and maximise impact by placing all
project foreground in the public domain, as COMPLEX has.
6.3.1 Career and Professional Development
Our work with students and early career researchers, the people who will be the
project’s ambassadors over the coming decades, has been an important feature of
our dissemination actions. The project co-ordinator, for example, has averaged six or
seven student seminars and workshops a year, the most recent in North Wales in the
final month of the project. We have produced a book and teaching materials about
the behavioural ecology of project-based science and made it available free for
download. We have also supported a large group of students and early career
researchers and had the pleasure of seeing staff working at all levels in the project
advance and consolidate their careers.
6.3.2 Theses and dissertations
1. Hewitt, R. (2014). Integrating Stakeholder Knowledge in Cellular Automata Models
of Land Use Change. Unpublished Ph.D. thesis, Universidad de Alcalá. Available
at:
https://www.researchgate.net/profile/Richard_Hewitt3/publication/281651759_Inte
grating_stakeholder_knowledge_in_Cellular_Automata_models_of_land_use_cha
nge/links/55f3229208ae63926cf2324f.pdf
2. Pera, F.A. (2016) Tendencias en la relación de la agricultura intensiva en Europa
con las regiones potencialmente vulnerables al cambio climático. Master's Thesis
(using APoLUS model) Departamento de Geología, Geografía y Medio Ambiente,
Universidad de Alcalá.
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3. Raynaud, D. (2016). Hydroclimatic Variability and the Integration of Renewable
Energy in Europe. Ph.D. thesis, Université Grenoble Alpes. Available at:
ftp://ftp.lthe.fr/pub/raynaud/
4. L. Niamir “Agent-based Energy Market: modelling non-marginal changes” Ph.D,
5. M.B.Tariku (2014) “Household energy demand in the Netherlands: application of
an agent based model to assess the potential of carbon emission reduction” M.SC.
6. Mülder (2016) ‘Understanding the impact of barriers on energy saving decisions of
households’. B.Sc
7. Belete, G.F. (Submitted). Integrating models on the web: application for socioenvironmental studies. Unpublished PhD thesis. University of Twente.
6.3.3 Dissertations in Preparation:
Doctoral Thesis of Torun Hammar planned for May 2017.
Licentiate Thesis of Huayi Lin planned for May 2017
Licentiate Thesis of Azadeh Hassannejad Nazir planned for June 2017
MSc thesis in Energy Systems Engineering by Björn Isaksson, Modelling of a Fossil Fuel
Free Energy System in Uppsala 2050, in collaboration between SLU, Uppsala kommun and
technical consultancy Semcon, using and further developing the model built by Complex.

6.3.4 Evolution of team members’ careers and exit strategies
1. V. Hernandez-Jimenez - Appointed independent evaluator by Joint Research
Centre for FP7 Project BeWater
2. P. Martinez Alonso – Successfully passed civil service exams for position of State
Agronomist
3. J.D. Pacheco – Appointed to University of La Laguna, Tenerife, Chair on Natural
Risks and Hazards
4. R. Hewitt- Took up new post of Spatial Landscape Planner, James Hutton
Institute, Aberdeen
5. C. de Boer - Took up new post of Assistant Professor, ITC
6. B. François – Took up a Post-Doctorate at the University of Massachusetts
Amherst
7. I.C. Winder - Took up a post as Lecturer in Biology at the University of Bangor
8. A. Laurie Schwarz – Appointed Teaching Fellow at Department of Economics,
University of Sussex, 2016.
9. T Filatova - Promoted to Associate Professor at University of Twente
10.
G.F. Belete – Completed his PhD thesis.
11.
A.A.Voinov - Inaugurated as full professor at University of Twente
12.
Stephan Barthel has moved from post doc to post in industry and Stockholm
University and, in 2016 was appointed senior researcher/Professor Gävle
Högskola and senior researcher Stockholm Resilience Center/Stockholm
University)
13.
Sebastiaan Meyer moved from Associate Professor KTH/Transport Science to
Full Professor KTH/health systems by 1st January 2016
14.
Cecilia Sundberg (postdoc) was appointed Associate Professor at KTH Royal
Institute of Technology in October 2015
15.
Sara Borgström (postdoc) became Associated professor KTH from 1st
December 2016
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16.
Thereza Webster (Project Operations Manager) completed a Master’s degree
at Newcastle University Business School through part-time study and was
appointed Project Manager of COHERE (H2020)
17.
Dmitry Kovalevsky has been appointed wissenschaftliche Mitarbeiter at the
Climate Service Center, Germany (GERICS), where he will work on a Horizon
2020 project (IMPREX) that seeks to improve the prediction and management of
hydrological extremes.
6.3.5 Awards for Team Members
François, B. - ’EGU2016 : Early Career Scientist’s Travel Award’ for ’The influence of
the North-Atlantic Oscillation on variable renewable energy penetration rate in
Europe’, Vol. 18, EGU2016-482, 2016, session ERE3.1 : Energy Meteorology.
2013 Filatova T. De Winter Prize for paper: “Spatial agent-based models for socioecological systems: challenges and prospects”
6.3.6 International Workshops and Summer-Schools
1. Water and Society – an interdisciplinary summer school held in Oléron, France in
May, 2014 (N. Winder was the director of this second edition of the school)
2. Workshop on Multi-model integration, 29-30 September 2014, IIASA, Laxenburg,
Austria
3. Summer School on Economic Growth and Governance of Natural Resources
(MSA2015), 20 July – 1 August 2015, Lomonosov Moscow State University,
Moscow, Russia
4. Workshop on Multi-model integration, 13-14 June 2016, IIASA, Laxenburg, Austria
6.3.7 Media and Press
Although we have produced a number of press-releases and distributed them
through university press offices, we have found that the scatter-gun approach is
something of a lottery. Our press release on the paper in Nature Geoscience, for
example, was upstaged by breaking news. Our press releases on the co-evolutionary
ecology of co-operation were not widely understood by science journalists more
accustomed to stories about finding the genes for autism. Personal interest stories,
public lectures and stories focussed on regional or topical issues worked best.
1. Niamir, L. Interview, Twente Graduate School and Institute for Innovation and
Governance Studies, University of Twente, 2015.
2. T Filatova Film about the ‘Prof De Winter Prize for the Best article of the year’
video: http://www.utwente.nl/en/newsevents/2013/11/166791/tatiana-filatovawins-professor-de-winterprijs
3. T Filatova Inaugural speech video for the installation as a Member the Young
Academy of the Royal Netherlands Academy of Arts and Sciences
(DJA/KNAW), http://www.dejongeakademie.nl/nl/leden/leden/14999 (in Dutch).
4. Winder N. presentation on innovation to graduate students at CEMUS.
https://vimeo.com/63773349
5. Video Contribution to the Färgfabriken seminar series (interview with Svedin)
6. Liljenström et al. (2012, 2014, and 2016) Publication of three debate articles
on climate and policy in the Swedish newspaper Dagens Nyheter
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7. Film produced as record of stakeholder engagement exercise in Sigtuna 21st
Jan 2016: What shall we do about carbon?
http://owsgip.itc.utwente.nl/projects/complex/images/uploaded_files/VTS_01_1
_VOB.mp4
8. COMPLEX conference: towards a fossil-free society in Sweden
https://www.youtube.com/watch?v=R6q6YkGM2oo (video in Swedish)
9. University of Twente News:
https://www.utwente.nl/en/news/!/2016/2/37463/participatory-models-caninduce-change-and-action
10. Video: Kovalevsky, D.V. Addressing positive feedbacks and impacts of abrupt
climate change in actor-based system dynamics Integrated Assessment
models. KlimaCampus Colloquium. 09 April 2015, Max Planck Institute for
Meteorology, Hamburg, Germany.
Video of the lecture: https://lecture2go.uni-hamburg.de/veranstaltungen//v/17477
6.3.8 Books
COMPLEX is strongly committed to the Open Access model of publication. Sadly the
cost of open access publication through journals is often prohibitive and many of our
target journals are not yet open access. We have therefore made extensive use of
internet repositories and have been actively supporting an open-access model of
publication for books, monographs. Our partner institutions in Spain and Sweden
have been especially active in this work and we have published 7 book-length
monographs to date, coincidentally creating the nucleus of a new book series on
Human-Nature Interaction:
1. The Behavioural Ecology of Project-Based Science Sweden, Sigtunastiftelsen
(Human Nature Series)
2. Final Scientific Report, Volume 1: The Quest for a Model-Stakeholder Fusion.
Sigtunastiftelsen (Human Nature Series)
3. Final Scientific Report, Volume 2: Non-linearities and System-Flips.
Sigtunastiftelsen (Human Nature Series )
4. Final Scientific Report, Volume 3a: Establishing Policy-Relevance: HumanEnvironment Interaction Sigtunastiftelsen (Human Nature Series )
5. Final Scientific Report, Volume 3b: Establishing Policy-Relevance: Developing and
Evaluating Policy Options Sigtunastiftelsen (Human Nature Series)
6. Liljenström, H. and Svedin, U. Eds. (2016) Towards a Fossil-free Society – In the
Stockholm-Mälar Region. Sigtuna. COMPLEX WP4 Final Scientific Report,
Human Nature Series. Sigtuna: Sigtunastiftelsen, ISBN 978-91-976048-4-0.
7. Hernández Jiménez, V., Encinas Escribano M. A., Hewitt, R., Ocón Martín, B.,
Román Bermejo, L.P. and Zazo Moratalla, A. (2016), ¿Qué territorio queremos?
Estrategias participativas para un futuro común. [What kind of territory do we
want? Participatory strategies for a common future]. Observatorio para una Cultura
del Territorio, Madrid, Spain.
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6.3.9 Books In Preparation
Final Scientific Report, Volume 4: COMPLEX: what we did, and why it matters
Sigtunastiftelsen (Human Nature Series) (this volume)
Hewitt, R, Hernández Jiménez, V., Encinas Escribano M. A., Ocón Martín, B.,
Román Bermejo, L.P. and Zazo Moratalla, A. (in preparation), Participatory
Modeling for Resilient Futures: Action for Managing Our Environment from the
Bottom-Up. Elsevier series “Developments in Environmental Modelling”.
Series editor: Brian D. Fath. Book proposal accepted, book in progress,
publication scheduled for 2017.
6.3.10 International conferences
Conferences have been an important part of our dissemination policy, they provide a
chance to test ideas on our scientific peers and receive feedback, they build
competence among early career researchers, and provide senior scientists with an
opportunity to give keynote addresses. Strategically important conferences have
sometimes been targeted with multiple presentations because they give us direct
access to strategically significant peers and often generate spin-off publications. The
following were international conferences, most of which produced proceedings or
papers:
1. François, B., Hingray, B., Hendrickx, F. and Creutin, J.D. ‘The value of storage water: a
climatological signature for global change impact studies’. AIC conference (In
French), Grenoble, France, 2012
2. François, B., Hingray, B., Hendrickx, F. and Creutin, J.D. ‘Estimating performance of
a multi- purpose Alpine water reservoir under climate change.’. ICEM, Toulouse,
2013
3. Argent, Robert M, Richard S Sojda, Carlo Guipponi, Brian Mcintosh, and Alexey A
Voinov. 2014. “Best Practice in Conceptual Modelling for Environmental Software
Development.” 7th Intl. Congress on Env. Modelling and Software, San Diego, CA,
USA.
4. Ramos, M.H., Creutin, J.D., Engeland, K., François, B. and Renard, B. ‘System’s flips in
climate- related energy systems’. EGU2014-9087, Vienna, Austria, May 2014
5. François, B, Borga, M., Anquetin, S., Creutin, J.D., England, K., Favre, A.C., Hingray, B.,
Ramos, M.H., Raynaud, D., Renard, B., Sauquet, E., Sauterleute, J.F., Vidal, J.P
and Warland, G. (2014) ‘ating hydropower and intermittent climate-related
energies: a call for hydrology’, EGU2014-5761, Vienna, Austria, May 2014
6. Engeland K, M Borga, J-D Creutin, MH Ramos, L Tofte, J-P Vidal, et al. Spacetime dependence between energy sources and climate related energy production.
EGU General Assembly 2014. EGU, Vienna, Austria, 2014.
7. François, B., Creutin, J.D., Hingray, B. and Zoccatelli D. ‘Integration of small run-of-river
and solar power’. EGU2014-5845, Vienna, Austria, May 2014
8. Kolbjorn Engeland, Marco Borga, Jean-Dominique Creutin, Maria-Helena Ramos,
Lena Tøfte, and Geir Warland: Space-time dependence between energy sources
and climate related energy production. EGU2014-4840, Vienna, Austria 2014.
9. Lena S. Tøfte, Julian Sauterleute, Geir Warland, Sjur Kolberg: Modeling CRE in a
changing climate and energy system (mid-Norway). EGU2014-7051, Vienna,
Austria 2014
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10.Resilience 2014: Resilience and Development. Montpellier, France. May 4-8, 2014
11.ESEIA-IGS Conference Smart and Green Transitions in Cities and Regions:
Enschede, the Netherlands. April 24-25 2014
12.7th International conference on Land planning, FUNDICOT, Madrid Complutense
University. Title: Planificación Participativa para un Planeta Resiliente. 2729/11/2014
13.7th Intl. Congress on Environmental Modelling and Software, San Diego, CA, USA.
June 15-19, 2014. Getachew F. Belete presented 2 papers: “An architecture for
integration of multidisciplinary models” and “Integration of Models for Low Carbon
Economy”.
14.CSDMS Annual Meeting, “Data meet models, models meet data.” Boulder,
Colorado, USA. May 26-28, 2015. Getachew F. Belete: Real-time integration of
models
15.Niamir, L., and T. Filatova, 2015. Linking Agent-based energy market with
Computable General Equilibrium Model. 20th WEHIA. Sophia Antipolis, France.
16.Niamir, L., and T. Filatova, 2015. Simulating Nonlinearities in the Electricity
Market, Navarre Region-Spain. 11th Social Simulation Conference (SSC2015),
Groningen, The Netherlands, 2015b. Springer Proceedings in Complexity.
17.IALE 9th World Congress “Crossing Scales, Crossing Borders: Global Approaches
to Complex Challenges” Portland, Oregon, EEUU, 5-10 July 2015.
18.François , B., Hingray, B., Creutin, J.D., Borga, M., Raynaud, D. and Vautard, R: ‘Climate
related energy sources: sensitivity study to climate characteristics across Europe’.
EGU2015-482, Vienna, Austria, April 2015
19.François , B., Borga, M., Creutin, J.D., Hingray, B., Raynaud, D. and Sauterleute, J.F.,
‘Complementarity between solar and hydro power: Sensitivity to climate
characteristics in Northern-Italy’, EGU2015-3580, Vienna, Austria, 2015
20.A. Shchiptsova, D. Kovalevsky, E. Rovenskaya: Reconciling Information from
Alternative Climate-economic Models: A Posterior Integration Approach, Systems
Analysis 2015 - Celebration of Howard Raiffa, 2015, IIASA, Laxenburg, Austria
21.R. Hewitt, A. Shchiptsova, E. Rovenskaya: Understanding the Drivers of Urban
Expansion: Case Study of Seville Province, Systems Analysis 2015 - A
Conference in Celebration of Howard Raiffa, 11-13 November 2015, IIASA,
Laxenburg, Austria
22.Borga, M., François, B., Creutin, J.D., Hingray, B., Zoccatelli, D. and Tardivo, G.
‘Assessment of potential for small hydro/solar power integration in a mountainous,
data-sparse region’. EGU2015-10401, Vienna, Austria, April 2015
23.François, B., Hingray, B., Creutin, J.D. and Hendrickx, F. ‘Influence of the management
strategy model on estimating water system performance under climate change’.
EGU2015- 3612, Vienna, Austria, April 2015
24.Tøfte L. S.: Regional estimation of response routine parameters. EGU201512432, Vienna, Austria, 2015.
25.Raynaud, D., Hingray, B., Chardon, J., Anquetin, S., Favre, A.C., François, B. and
Vautard, R., Tobin, I. ‘Multivariate weather prediction with atmospheric analogs for
different European regions’. EGU2015-834, Vienna, Austria, April 2015
26.Puspitarini, H.D., H., François, B., Hingray, B., Raynaud, D., and Creutin, J.D.
‘Fluctuation Analysis of Climate-Related energies in Europe’. Renewable Energy &
Green Technology Conference, Kuta, Indonesia, 2015.
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27.13th European Week of Regions and Cities. October 12-15, 2015, Brussels.
Cheryl de Boer presented WP3 as part of a workshop given by AESOP
(Association of European Schools of Planning). Energy issues in regional and
urban development.
28.The International Society for Ecological Modelling Global Conference 2016, 8-12
May 2016 Towson University, MD, USA. Richard Hewitt presented research at this
and also chaired the session entitled “Ecological Landscape and Land Use
Change Modelling”
29.International Environmental Modelling and Software (IEMS) International
Congress. July 10-14, 2016, Toulouse. Cheryl de Boer presented WP3 research
as part of a session on Modelling for Low Carbon Economies.
30.Borga, M., B. François, B. Hingray, D. Zoccatelli, J.D. Creutin, C. Brown, Linking
top-down and bottom-up approaches for assessing the vulnerability of a 100 %
renewable energy system in Northern Italy, Poster, EGU conference, Vienne,
Autriche, Avril, 2016.
31.Tøfte, L.S., Martino S., Mo, B.: Using climate response functions in analysing
electricity production variables. A case study from Mid-Norway EGU 2016 -12170,
Vienna Austria 2016.
32.Tøfte L. S., Martino S: Analysing electricity production in today's and tomorrow's
climate. Presentation at seminar and Kick-off meeting in the EEA Grants project
Intelligent energetic system in protected areas. Iasi, Romania, June 2016.
33.EGU Conference , Vienne, Autriche, Avril, 2016. 5 separate presentations from
WP2
34.Renard B., Vidal J.-P., A performance weighting procedure for GCMs…, 13th
International Meeting on Statistical Climatology, Canmore, Alberta, CAN, Juin
2016.
35.Economic Development in Africa Conference, CSAE, University of Oxford, March
29-31, 2016.
36.Latin American and Caribbean Economic Association Conference, EAFIT,
Medellin, Colombia, November 2016
37.2016 8th International Congress on Environmental Modelling and Software,
Toulouse, France. 4 Presentations from WPs 5 and 6: Niamir and Filatova on
climate change awareness, Belete et al on linking heterogenous models, Belete on
designing integration systems and Shchiptsova et al on Reconciling Information
from Climate-Economic Model Ensembles.
38.A. Shchiptsova, R. Hewitt, E. Rovenskaya: Measuring Spatial Feedbacks in Urban
Systems, European Meetings on Cybernetics and Systems Research (emcsr
avantgarde), 30 March – 1 April 2016, Bertalanffy Center (BCSSS), Vienna,
Austria
39.E. Rovenskaya: Reconciling information from climate-economic model ensembles,
Data Intensive System Analysis for Geohazard Studies, 18-21 July 2016, Sochi
region, Russia
40.E. Rovenskaya, A. Shchiptsova, D. Kovalevsky, Reconciling information from
climate-economic model ensembles, International Conference in Memory of
Academician Arkady Kryazhimskiy on Systems Analysis: Modeling and Control,
03-08 October 2016, Institute of Mathematics and Mechanics, Ural Branch of the
Russian Academy of Sciences, Ekaterinburg, Russia
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41.Kovalevsky, D.V., Hasselmann, K. Modelling the impacts of a national carbon tax
in a country with inhomogeneous regional development: an actor-based systemdynamic approach. ERSA 54th Congress “Regional Development & Globalisation:
Best Practices”, 26-29 August 2014, St. Petersburg State University (SPbU), St.
Petersburg,
Russia.
[Conference
paper
at
IDEAS,
URL:
https://ideas.repec.org/p/wiw/wiwrsa/ersa14p743.html]
42.Kovalevsky, D.V., Hasselmann, K. Assessing the transition to a low-carbon
economy using actor-based system-dynamic models. The 7th International
Congress on Environmental Modelling and Software (iEMSs 2014), 15-19 June
2014, San Diego, California, USA [Conference paper in Brigham Young University
ScholarsArchive, URL:
http://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=1211&context=iemssco
nference ]
43.Kovalevsky, D.V., Hasselmann, K. Actor-based system dynamics modelling of winwin climate mitigation options. The 8th International Congress on Environmental
Modelling and Software (iEMSs 2016), 10-14 July 2016, Toulouse, France.
[Conference paper in Brigham Young University ScholarsArchive, URL:
http://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=1588&context=iemssco
nference ]
44.Kovalevsky, D.V. Modeling herding behavior on financial markets affected by
exogenous climate-related shocks. The 8th International Congress on
Environmental Modelling and Software (iEMSs 2016), 10-14 July 2016, Toulouse,
France. [Conference paper in Brigham Young University ScholarsArchive, URL:
http://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=1586&context=iemssco
nference ]
45.Shchiptsova, A., Kovalevsky, D., Rovenskaya, E. Reconciling information from
climate-economic model ensembles. The 8th International Congress on
Environmental Modelling and Software (iEMSs 2016), 10-14 July 2016, Toulouse,
France. [Conference abstract in Brigham Young University ScholarsArchive, URL:
http://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=1587&context=iemssco
nference ]
46.Kovalevsky, D.V. Modelling the win-win opportunities of climate mitigation policies.
The Third International Conference “Sustainable Development: Society and
Economy”, 20-23 April 2016, St. Petersburg State University (SPbU), St.
Petersburg, Russia. NEW ITEM
47.Flacke, J., & de Boer, C. (2016) An Interactive GIS-Tool for Collaborative Local
Renewable Energy Planning. Agile conference 2016, 14-17 June 2016, Helsinki,
Finland. available at: https://agileonline.org/conference_paper/cds/agile_2016/shortpapers/130_Paper_in_PDF.pdf
48.Hewitt, R., Kovalevsky, D.V., de Boer, C., Hasselmann, K. Modelling actors’
influence on land use change: a dynamic systems approach. Submitted as a
conference paper to 20th AGILE International Conference on Geographic
Information Science, Wageningen University, The Netherlands, 10-12 May 2017
6.3.11 Other Conferences, Working Papers and Book Chapters
In addition to the international conferences listed above, COMPLEX team members
have attended at least 30 National Conferences and workshops and produced a
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large number of discussion papers and reviews, often as invited participants. Invited
talks and keynotes are an important dissemination mechanism because they
guarantee the presenter an interested and receptive audience and often lead to
publication. We have also been invited to contribute to a number of edited books:
1. T.Filatova (2013). Annual conference of the Groningen Center for Social
Complexity Studies, University of Groningen, The Netherlands. Invited talk
“Changing climate – changing behavior: flood hazards, risk perception and
markets.”
2. T.Filatova (2013) Leibniz Institute for Agricultural Development in Central and
Eastern Europe (IAMO), Halle, Germany. Invited lecture "Agent-based land
markets: methods, challenges and perspectives"
3. T.Filatova (2013). Wageningen University & Research centre, the Netherlands.
Invited talk “Changing climate – changing behavior :Modeling abrupt structural
shifts in complex socio-environmental systems from the bottom-up”
4. T.Filatova (2013). Institute of Environmental Systems Research, University of
Osnabrueck, Germany. “Behavioral changes and abrupt structural shifts in
complex socio-environmental systems”
5. Voinov A. USGS, Reston, USA - Invited lecture: “Values in modelling: can science
be really value neutral?”, December 2014.
6. Voinov A. ESS Summer-School, Scientific policy-advice under (deep) uncertainty –
The case of energy scenarios, Invited lecture: “Values in modelling: can science
be really value neutral?”, October 2014.
7. Voinov A. CSDMS - 4th annual meeting: Uncertainty & Sensitivity in Surface
Dynamics Modeling - University of Colorado — Boulder - Plenary keynote:
“Exploring climate mitigation and low-carbon transition: new challenges for model
integration”, May 2014
8. Voinov A. James Hutton Institute, Aberdeen, UK, Invited talk “Exploring low-carbon
transitions by means of model integration”, March 2014.
9. Voinov A. IQ SCENE, UCL Energy Institute, UK, Invited talk “Exploring low-carbon
transitions by means of model integration”, March 2014.
10.
T.Filatova (2014) Stockholm Resilience Center, Stockholm, Sweden. Invited
talk ‘Structural changes in coupled socio-ecological systems’
11.
Sundberg, C (2014). Challenges of adding a life cycle perspective to
municipal-level decision support for transition to a climate-neutral society.
Proceedings SETAC conference Basel May 2014
12.
Voinov A. The Economics of Climate Change, International Conference,
National Chengchi University, Taipei, Taiwan - Keynote “Exploring climate
mitigation and low-carbon transitions: new challenges for modelling”, August,
2015.
13.
T.Filatova (2015) University of Hamburg, Research Unit Sustainability and
Global Change, Hamburg, Germany. Invited talk ‘Changing climate – changing
behavior.
14.
Leslie Harris Centre of Regional Policy and Development, Memorial University
of Newfoundland, Newfoundland, Canada, May 2nd 2016
15.
Richard Hewitt. Invited presentation at James Hutton Institute, Aberdeen, UK,
on 5th August 2016.
16.
T.Filatova (2016) EAWAG/ETH, Workshop, Zurich, Switzerland. Invited talk
85 | P a g e

‘Combining ABM, surveys and lab experiments’
17.
T.Filatova (2016) Future Earth Cluster "Linking Earth-System and SocioEconomic Models", Aix-en-Provence, France. Invited talk ‘Economic Actors in
Social-Ecological Systems: What can ABM offer?’
18.
Voinov A. ICM - Innovations in Collaborative Modeling, Michigan State
University, Plenary speaker “Biases, Beliefs and Values in Participatory Modeling
and Citizen Science”, June, 2016
19.
Voinov A. Science of Future - Kazan, Russia, Keynote speaker “Participatory
modelling: integrating models and stakeholders”, Sept., 2016.
20.
E Rovenskaya, A Shchiptsova, D Kovalevsky (2016): Reconciling information
from climate-economic model ensembles. Geophysical Center RAS, Moscow
Russia, 4: 4002-4002
21.
A. Shchiptsova, R. Hewitt, E. Rovenskaya: Exploring Drivers of Urban
Expansion, 4th International Conference on Computer Science Applied
Mathematics and Applications (ICCSAMA2016), 2-3 May 2016, IIASA, Laxenburg,
Austria.
22.
Kovalevsky, D.V., Hasselmann, K. (2013): Out-of-equilibrium actor-based
system-dynamic modelling of the economics of climate change. Workshop paper.
GSS Preparatory Workshop for the 3rd Open Global Systems Science Conference
(2014), 29-30 October 2013, Beijing, China. URL: http://blog.global-systemsscience.eu/?p=2063
23.
Kovalevsky, D.V., Hasselmann, K. Integrated Assessment modelling of global
impacts of shrinking Arctic sea ice. All-Russian Conference with International
Participation “State of Arctic Seas and Territories under Conditions of Climate
Change”, 18-19 September 2014, Northern (Arctic) Federal University (NArFU),
Arkhangelsk, Russia.
24.
Kovalevsky, D.V. Actor-based system-dynamic Integrated Assessment
modelling: addressing out-of-equilibrium dynamics, positive feedbacks and
impacts of abrupt climate change. Climate & Economics Workshop, 13 October
2014, Nansen Environmental and Remote Sensing Center (NERSC), Bergen,
Norway.
25.
Kovalevsky, D.V. “The Arctic feedback” model. EU FP7 EuRuCAS 3rd
Workshop, 27-28 May 2015, Nansen International Environmental and Remote
Sensing Centre (NIERSC), St. Petersburg, Russia.
26.
Kovalevsky, D.V. Abrupt climate change and climate policy modelling. EU FP7
EuRuCAS Climate Policy Modeling Workshop, 24-26 June 2015, Nansen
International Environmental and Remote Sensing Centre (NIERSC), St.
Petersburg, Russia.
27.
Kovalevsky, D.V., Prasolov, A.V. Modelling the coupled climate–economic
dynamics within time-to-build approach. The Fourth International Workshop on
Natural Resources, Environment and Economic Growth, 01-02 October 2015,
European University at St. Petersburg, St Petersburg, Russia.
28.
Kovalevsky, D.V., Rovenskaya, E.A. Posterior integration of climate–economic
models. The Second Readings in Memory of Prof. B.L. Ovsievich “EconomicMathematical Studies: Mathematical Models and Information Technologies” – AllRussian Conference, 26-28 October 2015, St. Petersburg Institute of Mathematical
Economics of the Russian Academy of Sciences, St. Petersburg, Russia.
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6.3.12 Book chapters
1. Shchiptsova, A., Hewitt, R., & Rovenskaya, E. (2016). Exploring Drivers of Urban
Expansion. In Advanced Computational Methods for Knowledge Engineering (pp.
153-165). Springer International Publishing.
2. Hewitt, R. (accepted October 2017): The Actor, Policy, and Land Use Simulator
(APoLUS). In Camacho Olmedo, M.T., Paegelow, M, Mas, J.F. and Escobar, F.
(eds). Geomatic simulations and scenarios for modelling LUCC: A review and
comparison of modelling techniques. (in press): Lecture Notes in Geoinformation
and Cartography' LNGC series (http://www.springer.com/series/7418), Springer.
3. in press. Pacheco, J.D., van Delden, H., & Hewitt, R. (accepted). The importance
of scale in land use models: experiments in data conversion, data resampling,
resolution and neighbourhood extent. In Camacho Olmedo, M.T., Paegelow, M,
Mas, J.F. and Escobar, F. (eds). Geomatic simulations and scenarios for
modelling LUCC: A review and comparison of modelling techniques. (in press):
Lecture Notes in Geoinformation and Cartography' LNGC series
(http://www.springer.com/series/7418), Springer.
4. in press. Hewitt, R., Hernández Jiménez, V, Román Bermejo, L, and Escobar, F.
(accepted): Who knows best? The role of stakeholder knowledge in land use
models- an example from Doñana, SW Spain. In Camacho Olmedo, M.T.,
Paegelow,M, Mas, J.F. and Escobar, F. (eds). Geomatic simulations and
scenarios for modelling LUCC: A review and comparison of modelling techniques.
(in press) Lecture Notes in Geoinformation and Cartography' LNGC series
(http://www.springer.com/series/7418), Springer.
5. Liljenström, H. and Hassannejad Nazir, A. (2016): Decisions and Downward
Causation in Neural Systems. In: (R. Wang & X. Pn, Eds.) Advances in Cognitive
Neurodynamics (V). pp. 161-167. Singapore: Springer. DOI 10.10007/9778-98110-0207-6_7
6. Hassannejad Nazir, A. and Liljenström, H. (2015b) Neurodynamics of Decision
Making – A Computational Approach. In: (R. Wang & X. Pn, Eds.) Advances in
Cognitive Neurodynamics (V). Singapore: Springer. DOI 10.10007/9778-981-100207-6_7.
7. Svedin, U. and Liljenström, H. (2016) Paths to a low carbon society by 2050 – The
Stockholm-Mälar case. In: (L. Ekenberg, K. Hansson, M. Danielson, G. Cars, et
al, Eds.) Deliberation, Representation and Equity: Research Approaches, Tools
and Algorithms for Participatory Processes, Open Book Publishers, (in print.) ISBN
Paperback: 9781783743032
8. Svedin, U. (2015). Urban Development and the Environmental Challenges –
“Green” Systems Considerations for the EU, In: W. Leal Filho et al. (eds.),
Sustainable Development, Knowledge society and Smart Future Manufacturing
Technologies, page 81-112, World Sustainability Series, Springer International
Publishing DOI 10.1007/978-3-319-14883-0_7
9. Svedin, U. (2015). Urban Development and the Environmental Challenges –
“Green” Systems Considerations for the EU, In: W. Leal Filho et al. (eds.),
Sustainable Development, Knowledge society and Smart Future Manufacturing
Technologies, page 81-112, World Sustainability Series, DOI 10.1007/978-3-31914883-0_7

87 | P a g e

6.3.13 In preparation - Book Chapters
Niamir L. and T.Filatova ‘Transition to Low-carbon Economy: Simulating
Nonlinearities in the Electricity Market, Navarre Region-Spain’ in ‘Advances in Social
Simulation’, W.Jager (Eds), Springer: Heidelberg.
6.3.14 Journal articles
As scientists, our most important dissemination actions are lodged in refereed
journals. We have used wide range of journals, ranging in impact from Nature down
to relatively obscure open-access periodicals. We do not have less regard for lower
impact journals than we would any other dissemination action. However, a glance at
the list below would show that COMPLEX has a set of core journals that we target for
hydrology, natural resource management, environmental modelling and the circular
economy.
1. Winder, I.C. and Winder, N.P. 2013. An agnostic approach to ancient landscapes.
Journal of Archaeology and Ancient History. 9.
http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-210069
2. Filatova T., P.H. Verburg, D.C. Parker, C.A. Stannard (2013). “Spatial agent-based
models for socio-ecological systems: challenges and prospects”, Environmental
Modelling & Software (IF=4.420), Volume 45, p. 1-7
http://www.sciencedirect.com/science/article/pii/S1364815213000807
3. Hewitt, R., Van Delden, H., & Escobar, F. (2014). Participatory land use modelling,
pathways to an integrated approach. Environmental Modelling & Software, 52,
149-165.
4. Voinov, Alexey, Ralf Seppelt, Stephan Reis, Julia E.M.S. Nabel, and Samaneh
Shokravi. 2014. “Values in Socio-Environmental Modelling: Persuasion for Action
or Excuse for Inaction.” Environmental Modelling & Software 53 (March): 207–12.
doi:10.1016/j.envsoft.2013.12.005.
5. Voinov, Alexey, and Tatiana Filatova. 2014. “Pricing Strategies in Inelastic Energy
Markets: Can We Use Less If We Can’t Extract More?” Frontiers of Earth Science
8 (1): 3–17. doi:10.1007/s11707-013-0410-y.
6. Arodudu, Oludunsin, Esther Ibrahim, Alexey Voinov, and Iris van Duren. 2014.
“Exploring Bioenergy Potentials of Built-up Areas Based on NEG-EROEI
Indicators.” Ecological Indicators 47 (May). Elsevier Ltd: 67–79.
doi:10.1016/j.ecolind.2014.04.042.
7. Rojo, M. S., Moratalla, A. Z., Alonso, N. M., & Jimenez, V. H. (2014). Pathways
towards the integration of periurban agrarian ecosystems into the spatial planning
system. Ecological Processes, 3(1), 1.
8. Winder, I.C. and Winder, N.P. 2014. Reticulation and the human past. Annals of
Human Biology 41: 300-311.
9. Voinov A., T. Filatova (2014) “Pricing strategies in inelastic energy markets: can
we use less if we can’t extract more?” Frontiers in Earth Science (IF=0.883),
March 2014, Volume 8, Issue 1, pp 3-17,
http://link.springer.com/article/10.1007%2Fs11707-013-0410-y
10.
François, B., M. Borga, S. Anquetin, J.-D. Creutin, K. Engeland, A.-C. Favre,
B. Hingray, M. H. Ramos, D. Raynaud, E. Sauquet, J. Sauterlete, C. Vidal, and G.
Warland, 2014: Integrating hydropower and intermittent climate-related renewable
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6.3.16 Journal Special Issues Edited by COMPLEX personnel
Although we have made extensive use of pre-existing publication opportunities, there
were occasions when COMPLEX approached journal editors with plans for special
journal issues. COMPLEX personnel edited four special issues in the life of the
project:
1. A special issue on using simulation models to study systemic shocks / regime
shifts in coupled social-ecological systems: Polhill, J.G., T.Filatova, M.Schlüter,
A.Voinov (2016) ‘Modelling systemic change in coupled socio-environmental
systems’, Environmental Modelling & Software (IF=4.4207), 75, p. 318–332,
http://www.sciencedirect.com/science/article/pii/S136481521530075X
2. A special issue on the current state of the art in the field of spatial agent-based
models of social-ecological systems: Filatova T., P.H. Verburg, D.C. Parker, C.A.
Stannard (2013).
3. Voinov, A., Kolagani, N., McCall, M. 2016. Modelling with stakeholders – Next
generation. Virtual Thematic Issue of Environmental Modelling & Software.
4. “Spatial agent-based models for socio-ecological systems: challenges and
prospects”, Environmental Modelling & Software (IF=4.4207), Volume 45, p. 1-7
http://www.sciencedirect.com/science/article/pii/S1364815213000807
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The COMPLEX team has been working on pathways to a low carbon economy.
It has been developing new modelling tools that will help with the management
of societies and ecosystems undergoing rapid, non-linear change. It has also been
working with many stakeholder communities at a range of scales from regional to
supra-national.
COMPLEX has also been pioneering a reflexive approach to innovationmanagement that requires natural scientists, human scientists and external stakeholder communities to work together to create and exploit new knowledge. The
team’s approach has been reflexive – a technical that is commonly misunderstood in
popular discussion. The project is reflexive in that the research team has the same
structure as the external stakeholder communities it serves. Reflexivity is at once an
ethical challenge and a research opportunity, as this book explains.
Volume 4 of our Final Scientific Report contains an executive summary of the team’s
work (What we did) and a series of policy briefs (Why it matters). Its purpose is to
provide general readers with a 1-volume synthesis of our major findings and direct
specialists to the more detailed reports available on our web-page.
Further copies of this report and all our project deliverables can be downloaded from
http://owsgip.itc.utwente.nl/projects/complex/

