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1. To the Reader
This interim report provides a brief summary of our principal scientific achievements in
Period 2 (Months 18-36) Our Project has another 12 months to run. Much of that time will
be devoted to integrative actions, publishing our results and maximising impacts. However
we feel it important to provide a brief ‘snapshot’ of the work we have undertaken to date.
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2. Work progress and achievements during the period
We summarise our work in period 2 briefly by work package:
WP2: Climate Related Energies. This WP has demonstrated a subtle, but very important
feature of the low carbon economy. Many of the technologies we use to reduce carbon
emissions are themselves dependent on weather - wind, water and solar power and
biomass, for example are all ultimately driven by energy reaching the planet from the sun.
The atmospheric systems that sustain us can intervene in ways that re-shape not only the
energy yields energy from CRE sources, but also re-shape their temporal and spatial profiles
- the patterns of energy availability in space and time. These in turn re-shape the problems
of intermittency in ways that make it impossible to speak of a single, optimum strategy for
managing CREs. WP2 has demonstrated that CREs and climate can be expected to co-evolve
over the coming decades. It has developed optimisation strategies that can be shaped and
re-shaped to accommodate local conditions and time-trends. These have been substantiated
with a mix of practical case-studies (Italy and Southern Scandinavia) that represent very
different climate situations and basic research on the physics and hydrology of CRE
production.
WP3: Realizing Climate-Policy Options, is a regionally focussed WP undertaking parallel
research in two case-study regions, one in Spain and the other in the Netherlands. It has
three, related functions within the COMPLEX project. First: it is to develop a set of
participatory modelling approaches (including new modelling tools and elicitation methods)
that can be used to engage with local and regional stakeholder communities by drawing
them into the policy process. In period 1 a modeling tool was developed using proprietary
software - the reasoning behind this was that we should not reinvent technology that
already existed. However it transpired that the cost of building the systems in commercially
available software was prohibitive and the upgrade path was limited. WP3 has now
developed an open source modelling tool APoLUS (Actor, Policy and Land Use Simulator)
that simulates future land use configurations under different renewable energy policy
scenarios.
WP3 has also developed a prototype Gaming Methodology for collaborative renewable
energy planning: In order to elicit the type of qualitative context dependent data desirable
4

for APoLUS we developed a game-based stakeholder workshop and implemented it in
Dalfsen, the Netherlands. To increase the “interest factor” this game based methodology
allowed stakeholders to make use of an interactive map table prepared with GIS maps,
various representations of Renewable Energy Landscape Features (RELFs)
The second function of WP3 is to actually establish links with real-world communities and
develop integrative approaches to knowledge creation and policy development. Especially
relevant are the links established with the RENEWAL (V.Hernández Jiménez) and
SIGEOMODII (R.Hewitt) projects which will provide collaboration opportunities around
Renewable Energy deployment in the landscape and integrated simulation modelling
respectively. In the Dutch study region, we have undertaken substantial research with
stakeholder communities in Dalfsen and the Spanish study has been working in Navarre.
The third function of WP3 is to create opportunities for WP6 to study the process of model
integration (WP6) and to create opportunities for the dissemination and exploitation of
results (WP7). In practice, personnel working on WP3 also have small amounts of time
allocated to 6 and 7, so the boundaries between them are not sharp. The idea was to ensure
that WP3 would be more or less self-sufficient and to use WPs 6 and 7 to provide top-up
services, targeted on emergent needs. This work will be described in detail below.
WP4: Stockholm-Mälar region. WP4 is similar to WP3, but with a focus on the Mälar valley in
central Sweden. WP4 differs in two respects. First, the Stockholm-Mälar region contains a
national capital, Stockholm, that provides opportunities to engage in national and regional
policy-making; second, it has a small ‘blue-skies’ research component intended to explore
practical and theoretical linkages between the science of cognition and decision-making.
Team members have been very active in the development of policy in the Uppsala
municipality, using a mix of engagement and modelling activities. It has also organised a
series of stakeholder engagement exercises in the wider Stockholm-Mälar region and
supplemented these with economic modelling exercises intended to relate land-use
constraints to carbon emissions. There have been particularly strong links with WP2 and
WP7. The regional focus in WP3 is strong and effective. Our impact at national and supranational levels, however, have been harder to judge. We have been actively attending
meetings and policy discussions at these higher levels and have seen palpable evidence of
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progress towards a low-carbon economy, but it is unclear to what extent we have been able
to influence that process.
In Annexe 1, the COMPLEX consortium suggested that the question of subsidiarity was
fundamental to the shift to a low-carbon economy and speculated that the regional focus
may be the key to achieving measurable changes in carbon emissions. WPs 3 and 4 have
both produced results that suggest bottom-up (regional or local) initiatives may run out of
steam when they encounter high-level constraints. National and supra-national institutions,
be they political or commercial, seem to be grid-locked by conflicts of interest, patterns of
lobbying and problems of cross-policy compliance that are much easier to resolve at lower
level. Problems of subsidiarity and cross-policy compliance will be a key focus in period 3.
The computational neuro-cognitive model developed in WP4 is unique in its use of insights
from neuroscience and cognitive neuroscience to model decision making with relevance to
climate change. As far as we know, this is the first attempt to integrate a neural network
model of individual decision-making in a multi-agent context, with relevance to societal and
environmental issues. A scientific paper has been published on this work and another is in
advanced preparation.
WP5: Energy, Socio-Economic and Climate System. WP5 has further progressed on the
development and finalisation of the individual modelling blocks, their integration in the CEE
system of models, and the final policy simulation setups.
EXIOMOD 2.0 has been fully developed based on a modular approach specifically designed
to conduct both Input-Output analysis and CGE model simulation. Using this modular
approach the modeller can easily change the regional and sectorial segmentation for the
integration with other models in the CEE system of models as well as the level of complexity
regarding the specification of the model. Moreover, a number of modules and extensions
have been developed for EXIOMOD 2.0 base model. Notably, a Land & Water module has
been developed and used to assess the impact of climate change on the availability on
natural resources and use it as a supply constraint in the model. The climate change or
damage module has been developed to translate (exogenous) temperature increases in
(endogenous) economic damage in EXIOMOD 2.0. So far, we have selected damage
functions from FUND and implemented them in GAMS (programming language of
EXIOMOD). The matching of the damage from FUND with the sectoral structure of EXIOBASE
6

(the model database) is now being finalised. EXIOMOD 2.0 model has been fully
implemented in a GitHub organisational repository. The repository facilitates the
collaborative development of the model and ultimately provides an open access for more
developers/users. The model repository currently includes the source code, documentation,
and issue tracking (including feature requests). EXIOMOD 2.0, has been also tested. The
models has been used to assess the socio-economic and environmental impacts of a policy
mix aimed at mitigation policy, especially resource efficiency and behavioural changes taking
into account the targets of the overall vision for a sustainable EU economy.
For MADIAMS/SDEM model family, some important feedbacks in the modelling scheme
have been fully incorporated and the model has been spatially disaggregated (the
development of regionalized versions). More specifically, an ‘Arctic feedback’ model has
been developed to explore the impacts of shrinking Arctic sea ice on global energy markets
and on globally coordinated climate mitigation policies. This is essential for modelling the
global coupled climate-economic dynamics, and activation of this feedback in the model
substantially alters the dynamics of global climate variables. Moreover, carbon taxes may
have substantial positive long-term welfare impacts, and the redistribution of carbon tax
revenues can counter imbalances of the climate-change impacts and the economic
development within the different economic regions of the same country. Therefore, the
regionally resolved models have been developed to explore the potential welfare
redistribution impacts of carbon taxes.
The recent efforts in FUND focusing on creating a version of the model with every country
separately represented. The national version will be applied in a book chapter on
geoengineering (due December 2015) and an AEA conference presentation on the
thermohaline circulation (due January 2016). We are now able to simultaneously run
different model set-ups, so that structural sensitivity analysis and ambiguity analysis are
routine. This has been described in a paper published in Computational Economics. We
introduced objective Bayesian model selection and averaging. This has been described in a
paper published in Energies for the costs of climate policy. It has been further applied to the
impacts of climate change in a paper that is conditionally accepted for the Review of
Environmental Economics and Policy.
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Two basic agent based models (ABMs) have also been under development: ABM1 is a
regional agent-based market model (NUTS2 region) and ABM2 is a smaller-scale test version
at the level of a municipality. The initial base model of ABM1 was presented and published
as a peer-review paper (Niamir and Filatova, 2015b). Currently the demand and supply sides
of energy (electricity) market are simulated using NetLogo with GIS and R extensions. We
explore the dynamics of market shares of low-carbon electricity in the scenario where a
household’s choice on the type of electricity (grey or green) is driven exclusively by
preferences vs. when market-clearing mechanisms is explicitly modelled (for the integration
with EXIOMOD). We also contrast the results for a population of household with
homogeneous vs. heterogeneous preferences and awareness of climate change as well as
incomes.
In GCAM the sensitivity (Monte Carlo analysis) of the outcomes of the model in terms of
emissions and temperature change to the availability of fossil fuel resources have been
tested. In this work we have assessed the likelihood of different climate pathways under
uncertainty of resources. Moreover, a new set of resources endowments have been derived
that can be used to analyse climate change and energy pathways under different
assumptions on the availability of energy resources.
For the integration of these modelling blocks within the CEE system of models, WP5 has
been supporting WP6 on the development of the interfaces between the models (cf. WP6
progress report). The integration has been also carried out for some pairs of the models.
GCAM used the GDP by region produced by EXIOMOD as an input to the GCAM and
produced various outputs such as emissions, energy mix, electricity consumption, energy
prices. These outputs will be further used in the EXIOMOD-ABM model. For the ABMEXIOMOD model coupling, ABM zooms into only the energy sector in NUTS2 regional scale.
EXIOMOD is a country level and multi-sectoral model. The tool as well as the required data
for the down (up)-scaling of the data exchange between ABM and EXIOMOD has been
developed. The first data exchange for the initiation of the ABM has been also carried out.
For FUND-EXIOMOD coupling, as mentioned above, a selection of FUND damage functions
have been implemented in GAMS, the programming language of EXIOMOD. The matching of
the damage from FUND with the sectoral structure of EXIOMOD is now being finalised.
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For the final policy simulations runs of EXIOMOD 2.0 within the CEE system of models we
have been developing a reference and a set of policy scenarios based on the narratives of a
selection of SSPs1 (and corresponding RCPs). For this, the following subtask are being now
finalised: (i) preparation of the RCP/SSP data; (ii) design of integration of RCP/SSP data with
the CGE model for the baseline scenario (currently in progress).
WP6: Model Integration. This WP has been working on four distinct sets of activities.
First, it has been developing a model repository that can be used to store all the models
generated by the project. Since we define the concept of a model in a way that includes
computational models, static models and even conceptual models of the systems under
study. This poses substantial challenges for those working to create generally accessible
protocols for describing models. We now have the repository up and populated with a wide
range of models.
Second, it has been developing algorithms for integrating the outputs of different models of
the same system. We have made substantial progress in this work and the work is beginning
to appear in scientific reports.
Third, we have been developing a wrapper technology that will allow models of different
sub-systems to be integrated dynamically, so that outputs from one can serve as inputs to
another. This work has focussed primarily on the materials generated by WP5 and has been
used successfully within the consortium.
Fourth, we have been studying the process of model integration (in its broadest sense) by
working with other WPs to find out how they handle the problems of working with a wide
range of stakeholder communities. We have been paying particular attention to the use of
computer modelling methods in participatory action research and their role in the process of
negotiating shared ‘models’ that can provide the basis for co-operative action. This research
has already produced one published journal article, with more in advanced preparation. As
we enter period 3, we expect this aspect of our research to become a key focus for the
COMPLEX project as a whole.

1

Kriegler, Elmar, et al. "A new scenario framework for climate change research: the concept of shared climate
policy assumptions." Climatic Change 122.3 (2014): 401-414.
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WP7: Dissemination, Integration and Exploitation. We have produced 49 dissemination
actions in the course of period 2. This work accelerated in the course of reporting period and
will accelerate further in period 2 as the COMPLEX consortium’s focus shifts from primary
research to project legacy and impact.

2.1 Work package 2 (Climate-Related Energy)
During this reporting period, WP2 had an extensive programme of research and technical
development, which is due to deliver policy briefs and reports in the final year of the project.
This text presents a detailed (and necessarily technical) summary of work undertaken in the
period and a summary of key results.

Progress towards objectives and details for each task
Task 2.1: Disaggregation of climate model outputs into realistic CRE driving data at regional
scale using d2gen methodology. We have extended an existing “Downscaling Disaggregation
weather Generator” and developed a new toolkit named SDMTk (Statistical Downscaling
Method Toolkit that includes and supplements the former d2gen). The downscaling method,
based on atmospheric analogs, converts Global Circulation Model (GCM) outputs with their
coarse resolution into regional space-time patterns of surface weather to provide the finer
resolution needed to model CRE production processes. Using similarity criteria to determine
analogues of the current atmospheric and surface weather situations, the extension allowed
us to introduce new downscaling modules for wind velocity and solar radiation in addition to
rainfall and temperature and helped us characterise new co-generation constraints that
produce physically consistent weather scenarios.
We continued the work initiated in period 1, reviewing almost 300 relevant papers and
generating specific recommendations for the disaggregation of climate model outputs into
realistic CRE driving data, and more generally led to new insights about multivariate
downscaling, bias correction, evaluation and uncertainty. The result was an extension to
existing downscaling methods (deterministic or stochastic) that enables the levels of cofluctuation to be preserved in micro-scale simulations across the range of temporal and
spatial scales needed to model CRE production.
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We have developed and tested methods that extend the SDMTk toolkit’s capacity to
multivariate scenarios (one submitted scientific article under the lead of Partner 6 in MS2.4).
The problems we addressed are two-fold: how can we choose the window of atmospheric
predictors and how do we select the analogue dates? A multi-model approach uses
independent windows/analogue models with predict and specific predictors for the different
weather variables while a single model approach uses a single window/analogue model with
a single set of predictors for all variables. The single model i) preserves the space-time
consistency of the disaggregated variables but ii) its prediction skill per variable is lower than
the multi-model one. We suggested using a hybrid approach preserving the best of the two
approaches (Raynaud et al., 2016).
A large ensemble of time series weather scenarios were produced for Partners 5 and 7 for i)
the recent climate from atmospheric reanalyses, (ERA-40 (1980-2005) and ERA-20C (19002010)) and ii) a suite of CMIP5 climate experiments (4 GCM with 3 runs each covering 19502100 for two RCP scenarios). The practical steps of the work were i) to download from
ECMWF and CMIP5 data portals the large scale required predictors from the outputs of each
large scale model (dynamical (500 hPa and 1000 hPa geo-potential) and thermo-dynamical
(surface air and dew point temperature, relative humidity at 1000hPa) predictors) ii) to
extract the predictors for the European regions, iii) to perform a multivariate downscaling
process for each large scale dataset (reanalyses, transient GCM experiments) and iv) to
generate associated weather scenarios for specific predictants for Italy (precipitation,
temperature, radiation) and Norway (wind, precipitation, temperature). The reanalysis
driven ensemble of downscaled scenarios will allow characterizing the cofluctuations of CREs
for very long time period, accounting for the unforced natural variability of the climate. The
GCM driven ensemble will allow characterizing changes in the cofluctuations as expected for
different green-house gas emission scenarios (RCP4.5 and 8.5).
In practice, Task 2.1 involved heavy data preparation work at both large (GCM outputs) and
small scale (ground meteorological and hydrological data over the case study areas of Italy
and Norway). For large scale data, Partner 6 also hired a doctorate student, Damien
Raynaud, in November 2013 to work on the SDMTk extension who was in charge of
managing the GCM dataset (see for instance some encountered difficulties mentioned in
Section 3.2.3). For the Mid-Norway case an engineer internship was organised between
11

partners 6 and 7 in 2013 over 4 months equally shared between Grenoble and Trondheim;
Philémon Autin to demonstrate the feasibility for Norway of the downscaling process from
NCEP reanalyses 1960-2010; he contributed to software and data exchanges. In support to
this work, two scientists of Partner 6 visited Norway for a week (B. Hingray and J. Chardon).
This work included also the connexion with Robert Vautard from the LSCE laboratory in
Paris, for the preparation of high resolution wind and solar radiation pseudo-observations
for the 12 regions further considered in the project. For the Northern-Italy case, an engineer
was hired to prepare the precipitation, temperature and radiation downscaled data as an
input for the hydrological model used to generate streamflow time series. The software
package represented by the hydrological model the ancillary routines and has been
rewritten and recalibrated to run at the daily time step required for the scenario analysis.
Task 2.2: Modeling energy production from rainfall, wind and sun and its interaction with
agriculture. We modelled energy production from rainfall, wind and sun and its interaction
with other water usages with two increasing levels of complexity: i) quantifying the potential
CRE resource availability and its balance with energy demand (in the study area of NorthernItaly and for 12 regions spread over Europe) and ii) analyzing more completely the role of
market mechanisms on the above balance (in the study area of Mid-Norway). At both levels,
the model selection and integration was guided by the best way to represent dominant
processes governing CRE production, water usage and energy demand. Our options were
checked and tuned through a three-step interaction with a group of associated stakeholders.
Watershed modelling at the core of the integration proposed constitutes a clear innovation
compared to existing studies that mainly consider wind and solar mixes. Beyond our
preparatory works on the state of art of CRE modelling and on the section of modelling
tools.
Task 2.2a: there is a substantial literature devoted to CREs, their space-time climatic
variability and their harvesting strategies (the Web of Science records 18318 article
references under the key-words solar/wind/hydro -power/-energy among which we
analyzed 274 references more specifically dealing with CRE variability). Most studies deal
with subsets of one or two types of CRE, none tackles hydro-, wind- and sun-power together
and poorly cover long-range time scales and spatial structure (Engeland et al., 2016). The
integration of hydropower with solar and wind energy sources is placing to the hydrological
12

community in front of three specific challenges that are central to the effective use of
renewable energy and water resources (François et al. 2014(a)): (i) to initiate hydrometeorological analysis of space–time co-fluctuations between runoff regimes and solar
radiation, wind and temperature climatology, (ii) to understand how land use and climate
change may affect the nature of these co-fluctuations, and (iii) to develop quantitative
analysis of the interactions between hydropower and other water uses, including the
preservation of aquatic ecosystems.
This enabled us to select modelling tools for simulating CRE production able to produce
regional scenarios (D2.3, under the lead of Partner 5). The modelling tools are situated in the
context of the current scientific and technical literature. They describe the main processes
governing regional CRE production, namely: i) the hydrological inflow to the hydropower
reservoirs and the wind/sun/biomass energy production and ii) their balance with energy
demand under water storage requirements for irrigation, low flow maintenance and
recreational activities. Given the high dimensionality of this optimization problem and the
associated data requirement, the work proposes distinct levels of simplification to approach
a feasible solution.
Under the lead of partners 5 and 6, WP2 quantified potential CRE resources, their
combination under varied mitigation scenarios and their balance with demand in NorthernItaly and over a set of European regions (three published articles and two articles in
preparation in MS2.5);
The approach applied to the Italian case study and extended to 12 European regions is based
on the analysis of the energy balance, the difference between the load and the CRE
production, that i) determines the back-up and storage needs for a given mix of sources and
a given percentage of renewables and ii) features the sensitivity of CRE production to the
space-time dependence between energy sources. In Northern-Italy we considered as the
basis of our mitigation scenarios a mix of solar and run-of-the-river energy along a climate
gradient from the Alpine crest (snow melt dominated area) to the Veneto plain (rainfall
dominated area), solar power being generated in the flat plain, and run-of-the-river
hydropower at two mountainous locations. At small temporal scale (hourly), a high share of
run-of-the-river power minimizes the energy balance variability. The opposite is true at
larger daily and monthly scales because of a lower variability of solar power generation,
13

which also implies a lower storage requirement (François et al., 2016(a)). The
complementarity between sources relies on hydrological processes (like snow accumulation
and melt) that may be more or less well represented in various types of models as shown
using the climate gradient explored in Northern-Italy (François et al., 2016(b)). Beyond the
work initially envisaged we extended the same type of analysis to 12 European regions
(including Northern-Italy and Mid-Norway) in order to show the heterogeneity of
penetration results at continental scale and singularly the unexpected role of run-of-river
hydropower that significantly influences the optimal mitigation scenario and increases the
global penetration (François et al., 2015(b)).
Our approach considerably simplifies energy management issues and will be easy to apply to
changes in climatic conditions. Such a simplification is supported by specific studies showing
that comparable systems are much influenced by changes in hydrometeorological variables
(François et al., 2014(b)) more than by the management strategy (François et al., 2015(a)).
The produced dataset combines i) wind speed and solar irradiance data from the Weather
Research and Forecasting Model, temperature and precipitation for the European Climate
Assessment & Dataset and a hydrological model for estimating at daily time scale solarpower, wind-power, run-of-the-river hydro-power and the electricity demand over a time
period longer than 30 years, a very long period compared to most existing databases.
Task 2.2b: CRE penetration and energy market in Mid-Norway (one article in preparation in
MS2.5 under the lead of Partner 7 and 6). The approach applied to the Norwegian case study
benefits from the domination of the Scandinavian electric system by CRE that uses an
existing regional energy market model, EMPS. The region of Mid-Norway suffers from a
deficit of energy and too little transfer capacity with its neighbouring regions. For regional
authorities, electricity with low/reasonable prices is expected to give more local industry and
jobs, as well as security of supply during harsh winters. On the industrial producer side,
expected income decides whether they will invest in developing new wind power plants or
reinforce grid capacity. We explore the sensitivity of the system (Mid-Norway and its
relationship with the rest of Scandinavia through the electricity market) to 6 scenarios of
equipment and to a set of changes in air temperature, wind velocity and rainfall. The
sensitivity is expressed in regard of the energy price and the profitability of equipment. The
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so-called “climate function” that links the sensitivity to the climate parameters will allow to
appreciate the effect of present and future climate variability on the system.
Task 2.2c: multi-step interaction with the stakeholders involved in our case studies (energy
producers, environment agencies, regional authorities) or partner of the project (report of
MS2.3, review comments included in reports D2.1 and D2.2).
WP2 developed interaction with various stakeholders in three steps: i) the review of state of
the art reports (6 reviewers – 3 in France, 2 in Italy and 1 in Norway), ii) the organisation of 5
workshops and seminars in Italy (3) and Norway (2) and iii) the elicitation of sensitivity
criteria for our final study in Norway. The conclusions common to the two case study areas
were: i) the necessity to adapt the transmission grid to the “distributed” nature of CRE
resources; ii) the key role of storage; iii) the use of different solutions to address the loadsupply balance issue: small-scale battery systems combined with PV (small-scale, distributed)
and storage in hydro reservoirs combined with wind power (large-scale, grid level); iv) the
role of public acceptance vis-à-vis wind power (environmental concerns) and hydropower
(access to water resources and environmental concerns).

Conclusions
Task 2.2 demanded a good coordination between case studies that has been followed up by
B. François, a post-doctoral fellow who worked during 9 months with the University of
Padova, moved to SINTEF in Trondheim for 6 months and is now with CNRS in Grenoble. In
support to his work, J.-D. Creutin, a senior scientist of CNRS, visited the Univ. of Padova in
November 2012 (4 weeks), 2013 (1 week) and 2015 (1 week with B. François). A visit of B.
François at SINTEF is scheduled in November 2015. In the autumn 2012 Partner 16 – BC3 did
an extended literature review on the value of ecosystem services related to rivers and lakes
in European countries. Additionally, they provided outputs from their Global Change
Assessment Model (BC3-GCAM) on optimal energy mix, energy prices and consumption.
Their input to WP2 keeps enriching a framework where holistic water management
strategies for CRE-integrated reservoir projects will maximize both ecological and energy
production benefits. WP2 also contributed i) to feed the COMPLEX space model designed in
WP6 by the description of downscaling and hydrological models, hydropower scheduling and
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power market simulator; and ii) to advise WP5 about literature on mitigation indicators to
elaborate MS64.
Task 2.3: analysis of the regional use of CREs is currently concluding. Our regional analyses
about CRE integration and in particular the sensitivity of CRE production to climate variability
and to the uncertainty of its prediction under various mitigation scenarios. For the clarity of
this report, part of the results already obtained from this task are described in Task 2.2,
which avoids a useless distinction between the definition of the CRE production scenarios for
the case studies and their analysis. These results for instance concern the CRE penetration
(Italian case study and its extension to Europe) and thus the potential reduction of CO2
emissions – a good indicator of the success of mitigation policies. More sophisticated
mitigation indicators involving monetary assessment are in preparation from the Norwegian
case study. Regarding the reliability of CRE production and its sensitivity to exceptional
situations, we identified monthly periods of “Generalized low European energy production”
for all the CRE sources considered. Regarding the uncertainty of climate scenarios and their
impact on CRE assessment we developed a probabilistic framework analysing ensembles of
CRE production scenarios taking advantage of the multiplicity of GCM projections.
Task 2.3a: designing a methodological framework for impact and risk assessment under
mitigation scenarios and various present and future climate conditions (D2.4 and D2.5 under
the lead of Partner 13; one scientific article submitted and two in preparation for MS2.6).
The proposed probabilistic framework capitalises the opportunity created by the multiplicity
of GCM outputs by using them as an opportunity to explore the uncertainty associated to
climate modelling. The first step in the definition of this framework has been to perform a
literature review (more than 150 references) for the following topics: (i) Metrics for
quantifying the performance of CRE production systems using the Reliability-ResilienceVulnerability paradigm; (ii) the use of multi-model ensembles to quantify uncertainty in
climate projections (Report D2.4). The second step proposed and tested two distinct ways of
using multi-model ensembles for uncertainty quantification: i) Exploring the variability of
multi-model outputs and evaluating where this variability comes from through an Analysis of
Variance (ANOVA) approach and ii) Weighting models according to their ability to reproduce
the observed climate (Report D2.5 and Renard et al., 2016). In this second approach, we
compare the predictions of climate characteristics relevant for CRE production coming from
16

different GCM, we evaluate the goodness of fit between simulated and observed values and
we produce multi-model predictions combining outputs from different models with more
weight on models showing a better ability to reproduce observed CRE drivers like synoptic
pressure fields or humidity indexes. Before applying this framework to the case study areas
(D2.6) we illustrated both approaches with examples ranging from simple synthetic
experiments to realistic impact study of a hydropower system.
Task 2.3b: evaluating the robustness of uncertainty components estimates in climate
projections (D2.5 and one scientific paper in preparation). We compared the robustness of
uncertainty estimates obtained with two classical Analysis of Variance (ANOVA) approaches:
a Single Time approach (STANOVA), based on the only data available for the considered
projection lead time and a time series based approach (QEANOVA) assuming quasiergodicity of GCM outputs over the study period. This last QEANOVA approach simulates
confidence intervals roughly 3 to 5 times smaller than those obtained with the other models
that also tend to be less robust to assess the internal climate variability. In the most critical
configurations (small number of members, large internal variability), large over- or
underestimation of uncertainty components is very likely (Hingray et al., 2016).
Task 2.3c: CRE “generalized low production periods” in Europe – how to characterize this
extreme threatening energy supply reliability? (Master Thesis of H. Puspitarini, one scientific
article published and one in preparation for MS2.5)
The aim of this sub-task was to characterize and analyze situations of energy scarcity in
terms of solar-, wind-, and hydro-power from 1980 to 2012 in twelve regions taken in
Belarus, Finland, France, Germany, Great-Britain, Greece, Italy, Norway, Romania, Spain
(Andalucía and Galicia) and Tunisia. We used basic correlation and RRV indexes (Reliability,
Resiliency, and Vulnerability), and we proposed an energy scarcity index similar to a water
low flow index using a seasonal threshold. The results show several Europe-wide scarcity
situations, i.e. when all the regions are in low production, for a single source (on December
1982, 1997 and 2011 for solar, March 1996 and May 2000 for wind, April to May 1991 and
March 1996 for hydro). The analysis for all the sources at the same time involves the
definition of a multi-source index (on-going study, approaching completion).
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Further Information about the reporting period
By the end of the second reporting period, WP2 had achieved most of the final objectives of
the different tasks and is currently in the process of assembling the different results to
prepare the two final synthetic reports on uncertainty (D2.6) and recommendations (D2.7)
as well as scientific articles (MS2.4 to 6).
The work presented on climate related energies developed in the perspective of a 100%
renewable scenario under changed climate conditions. We talk about a proportion of
renewables over 50% when, according to some authors, the performance of CRE sources
does not depend anymore of the performance of the other fossil-nuclear sources. This
posture is not a personal affect, the European Climate Foundation now typically dates for
2050 optimistic scenarios with close to 100% renewable energy in Europe. They involve
challenging backup generation and energy storage issues due to the intermittent nature of
wind and solar power. Backup generation needs can be reduced by dissipating power
densities either in space through grids or time through storage. At the 2050 horizon,
“extreme but realistic” scenarios of grid development oscillate from purely local generation
to global connection where European Electricity Highways would allow large cross border
resource sharing including links with North Africa and the Middle East. Even if hydropower
generation is already close to its potential output – supplying around 10% of demand - it
represents a key storage solution due to its flexibility and its capacity, a so-called “bluebattery”.
In this context, the two selected case studies in Italy and Norway have specific features that
turned out to be quite demonstrative. They have in common to be both “blue-battery”
regions and to have regional policies and opinions in favour of energy autonomy. Norway is
almost already a 100% renewable region; water is abundant and projects to complement
hydropower by wind plants are economically and socially challenged by classical sources or
demand reduction. In this case we developed a “decision scaling” analysis that takes benefit
of a very detailed description of the electricity system, its market and its relationship with
water management in the framework of an electricity market model. Italy is more in the
present average of renewable energy production, water is under tension between usages
and between regions, solar energy as well as run-of-the-river hydroelectricity have
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increasing importance and are supported by various regional and local policies. In this case
we developed a less detailed approach based on the concepts of net-load variability,
penetration and storage need that we have been able to extend to 11 other regions covering
Europe and North-Africa.

Significant results

Methodological results
WP2 had three major objectives: i) to develop climate downscaling , adapted to CRE, ii) to
model CRE production and iii) to analyse the slow (essentially the chosen mix of equipped
sources and the demand model) and fast (meteorology and hydrology, equipment
management) varying factors governing CRE use. From a methodological point of view, we
developed i) a GCM disaggregation model, ii) a set of tools to quantify the resource
availability and integrability and iii) a framework for uncertainty propagation through the all
GCM to CRE system.

GCM disaggregation
Work on D2.1 established that the downscaling of GCM outputs for multiple CRE modelling
was very seldom investigated, fully justifying the efforts put by WP2 to reach the following
results. We showed that the extension of the downscaling model to multiple variable is
successful and generates physically consistent multivariate weather scenarios. The best
downscaling strategy based on atmospheric analogues requires different approaches
depending if the down-scaled variables are either correlated to the others or not; hence an
hybrid approach with either a predictand specific or a common analogue models. Internal
climate variability contaminates the estimates of long term changes for all surface weather
variables. Results of impact analyses that do not account for low frequency variability due to
this internal variability are not robust, hence the importance of unusually long times series.

CRE resource availability and integrability
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Work on D2.2 demonstrates that CRE integration studies are most often scale-specific and
related to a couple of energy sources while, in practice, this integration is clearly a multienergy and multi-scale problem. WP2 undertook a more complete analysis with the
following results:
We demonstrated that CRE production systems may be fruitfully studied with very different
levels of model complexity. We showed that the potential CRE resource availability may be
checked through simple statistics of its balance with energy demand (volatility, penetration,
needed storage). We found that small-hydropower production was very important in the
Italian case study (a kind of “wild” energy that increased steadily from 35% of the whole
hydropower energy production in 1999 to 42% in 2009 in Italy) and to be very sensitive to
climate characteristics. Specifically, the integration of hydropower and singularly small runof-the-river hydropower is likely to increase the penetration of CREs over all European
regions and to modify the optimal wind/solar mix classically retained for Europe to minimize
storage requirements. This is an open question for hydrology.
We found that a more complete representation of multi-scale energy production, transport
and storage under market mechanisms can be used to explore a set of climate and
equipment scenarios (decision scaling through climate response functions). Interestingly,
“climate response functions” are not just scientifically useful, the facilitate communication.

CRE, uncertainty and security
Models of the CRE production system are complex and combine many factors subject to
both natural variability and uncertainty from various sources that prevent efficiency and
security assessment. WP2 examined two approaches with the following results:
We found that fully probabilistic approaches allow moving beyond climatic averages to
describe spatial and temporal dependences as well as inter-variable dependence that are of
primary importance for CRE production. The methodological framework for weighting GCMs
based on their ability to reproduce the observed climate is generalisable, i.e. it can be
applied beyond the particular climate variables used in COMPLEX. We showed that variance
analysis sing the QEANOVA method separates well uncertainty from internal variability in
CRE analysis. A good knowledge of observation uncertainty is the key to weighting GCM
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outputs according to CRE assessment needs. This highlights the need for a reliable
quantification of observational uncertainty.
All GCMs may be wrong! The multi-model framework we use is able to assign a weight to
this possibility that was close to one in some of our studies, explicitly questioning the use of
GCM outputs when none of them is able to provide an acceptable reproduction of the
observed climate. In practice one particular GCM may dominate for COMPLEX case studies
using atmospheric pressure fields in the North Atlantic area as input of the modelling chain.
HadGEM2-CC largely outperforms all competitors for these particular variables.

Practical results
In order to illustrate the developed methodology we derived simplified case studies from
examples taken in Southern Italy and Scandinavia, which represent contrasting situations of
climate change impact and mitigation. The practical results reported below are focussed on
the knowledge gained about i) the space-time dependency between different CRE sources
and ii) the co-variation between slow and fast varying factors that govern the use of CRE at
regional scale in Europe. They are:
1) Space-time variability of CRE sources: “Intermittency is a real issue”.
This point was at the heart of the WP2 project in answer to the problem of knowing if
intermittency is not only a rhetorical excuse of industrials to break CRE development. We list
below a few elements of the response brought by WP2 about three CRE sources that are
very seldom analysed together – solar-, wind- and hydro-power. Each element can be linked
to a WP2 deliverable described above:
-

Climate related energy (CRE) sources are variable in space and time at all scales.

-

Their optimal combination in regard of different optimality criteria vary with space
and time scales; as a consequence their co-variability too.

-

Atmospheric CRE sources (wind, solar) have a more straightforward variability (2D
horizontal) than hydrologic sources (branching structure); in consequence, their
availability in space (and time) follows from this difference of structure.

We also derive from our works the following comments:
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The availability of CRE in space is fully exploited by the public (individuals, communities, etc.)
and PME. Although not environmental friendly, and seldom considered in CRE studies, small
run-of-river hydropower is popular and may significantly affect optimal mixes. The
complementarity between the different hydropower regimes along a transect of decreasing
altitude and the solar production to feed the demand evolves at hourly to yearly time scales
characteristic of the main storage means (batteries, dams, etc.). PV technology is better
accepted that wind mills.

Distributed CRE equipment depends on factors like land-use

and public acceptance that should be studied in relation to CRE variability.
The lengths of the available data series used in most studies are short preventing reliability
studies and a good knowledge of long term CRE variability.
2) Integration in space and time of different CRE sources: “Grids and storage are game
changers” because grids are space integrators and storages are time integrators.
CRE intermittency can be smoothed considerably by space and time integration and source
combination. In practice, markets rule grid and storage, thus space and time integration.
Grids have a multi-level structure defined by the different voltage networks and their
connexions and markets are multi-level too. Modelling the complexity of existing grids and
storage capacities helps studying the first steps of CRE integration. Simplifying the grid and
storage complexity is a useful way of exploring future scenarios, preserving for instance the
effects of climate or equipment changes.
Grids have classically an asymmetric functioning logic (flow from high to low voltage
networks to feed distributed demand from a few production points) that conflicts with space
availability of CRE sources (distributed demand fed by distributed production). A better
theoretical representation of grid and storage structure as well as of market space-time
characteristics would be a useful resource for explorative studies.
3) “Load depends on climate and on many more”.
We have shown that CRE sources vary much more than load at medium scales (years to
days, say). Covariance between CRE sources and load are generally low, allowing mixes to be
developed that compensate, but the covariance changes enough from scale to scale to
modify optimal mixes.
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Load level and variability may change in the future and a better representation of its
flexibility will be needed for explorative studies. More consolidated results will appear soon
in the D2.7 report that will integrate i) a multi-level policy analysis and ii) a stakeholder
interaction synthesis with the above presented project gained knowledge in the form of a
short policy briefing document.

2.2 Work package 3 (Climate-Policy Options)
WP3 and, to a lesser extent, WP4 below, have spent a considerable proportion of period 2
working with external stakeholder communities. In common with those WPs, WP2 will be
closing down at the beginning of Period 3 to focus on project legacy.

Progress towards objectives and details for each task
WP3 had two main deliverables due in this reporting period. Both were related to the
development of a land use change model that incorporates non-mathematical modeling
approaches developed for policy research and quantitative decision support tools. The first
cut of this model, called PLUS4-CMP, was developed around the Geonamica software suite
developed by RIKS. While this software is appropriate for a number of our goals, we found
the proprietary format unsuitable for the majority of our target users and inadequate for full
compliance with the wider dissemination objectives of the COMPLEX project, specifically, the
statement (Annexe 1, p.108) that: "[work packages] will look to incorporate open-source
software in their modelling domains where possible".
We have therefore redeveloped this model, now called APoLUS (Actor Policy and Land Use
Simulator) in a form that allows us to make it freely available as public domain software. Our
prototype, which used Geonamica, was modified for the R-based model, with the addition of
an Actor Dynamics model block (D) to the standard Neighbourhood (N), Accessibility (A),
Suitability (S) and Zoning (Z) and stochastic parameter (v) model elements.

Deliverables due in Reporting Period
D.3.4: Reporting and dissemination of results of PLUS4-CMP model and parametrization
workshops. This deliverable has been submitted and includes an overview of the processes
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followed until that point in order to parameterise the model. These were stakeholder
workshops, interviews, document summary and literature synthesis.
D.3.5: PLUS4-CMP. A working model has been uploaded to our repository. Submission of
final documentation is expected before the end of 2015.

Milestones
MS 7: Third Plenary Meeting. This meeting was attended by all WP3 partner staff.
MS 66: R. Hewitt (OCT) contributed to “On a methodology for projecting the distribution of
urban areas based on economic indicators” (COMPLEX Milestone 66, collaboration between
WP6 and WP3) by E. Rovenskaya and contributors (WP6).

Further Information about the reporting period
The new software platform for APoLUS has substantially improved the quality and the
usability of our final model product. The model will be able to be used freely by academics,
governments, or others interested in better understanding how different policy scenarios
could impact future land use. We are grateful to Martin van der Meulen, one of the original
developers of the Geonamica suite, who agreed to support the development of the new
program (APoLUS) free-of-charge based on his strong belief in the value of this effort and
that it should be made freely available to all that should want to use it.
WP3 has been particularly active in inter-project collaborations, especially with WP5 and
WP6. R. Hewitt is actively collaborating with K. Hasselman and D. Kovalevskiy from WP5 on
linking actor dynamic models with the APoLUS framework, and with A. Shchiptsova and E.
Rovenskaya from WP6 on projecting urban expansion based on economic indicators. These
collaborations make significant steps towards the essential task of project-wide model
integration. Publications have already been submitted with both these groups and further
publications are planned. C. de Boer has been actively collaborating with WP5 (T.Filatova)
and WP6 (A. Voinov) in order to overlap data collection opportunities and increase the
ability to integrate the results related to local energy savings/energy production decision
making.
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In addition we have undertaken extensive work with external stakeholder communities,
which we summarise here and describe in greater detail under WP7 (dissemination and
exploitation). We have completed 3 stakeholder workshops, interviews with government,
business, citizen level stakeholders, presented our research at 4 international conferences
and 2 national academic workshops.
We have undertaken a research visit to key scientific advisors, established links established
for dissemination and resource sharing with 1 international and 2 national level research
projects, undertaken detailed collaboration with WP5 and WP6 and prepared a tutorial and
user guide to enhance dissemination of APoLUS model.

Dissemination and Integration (see also WP6 and WP7 below)
International conferences
Four international conferences were attended during this reporting period:
1) Resilience 2014: Resilience and Development. Montpellier, France. May 4-8, 2014.
-

Renewable Energy policy implementation in Spain from a territorial perspective.
Presented by Richard Hewitt on behalf of COMPLEX WP3 team.

-

Presentation given on the stakeholder modeling approaches in Spain

2) ESEIA-IGS Conference Smart and Green Transitions in Cities and Regions: Enschede, the
Netherlands. April 24-25 2014.
-

Relationship Between Local Energy Initiative Development and Land Use. Presented
by Cheryl de Boer on behalf of COMPLEX WP3 team.

-

The issues of land use classification and multifunctional land use were presented and
examples related to renewable energy were showcased.

3) 7th International conference on Land planning, FUNDICOT, Madrid Complutense
University. Title: Planificación Participativa para un Planeta Resiliente. 27-29/11/2014
-

Experiencias recientes desde el Observatorio para una Cultura del Territorio (OCT).
Presented by R Hewitt on behalf of COMPLEX Wp3 team.
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-

COMPLEX work introduced and discussed to a large interdisciplinary audience
including influential thinkers on land planning.

4) IALE 9th World Congress “Crossing Scales, Crossing Borders: Global Approaches to
Complex Challenges” Portland, Oregon, EEUU, 5-10 July 2015.
-

Who knows best? The role of stakeholder knowledge in land use models. Presented by
Richard Hewitt on behalf of COMPLEX WP3 team.

National conferences and academic workshops
1) ESPON programme workshop, “el territorio ante la crisis: una visión desde Espon” (1617/10/2014 , Alcalá de Henares, Madrid).
-

Presentation by V. Hernández Jimenez on behalf of COMPLEX WP3 team.

-

COMPLEX work by OCT introduced and discussed with Espon programme representatives
and senior academics.

2) Workshop for EU FP7 project HERCULES Colmenar Viejo,Madrid, 10th April, 2015
-

“Planificación Participativa para una mejor gestión territorial. Presentation by
R.Hewitt on behalf of COMPLEX WP3 team.

-

Presentation on Cultural Landscapes (OCT team and Hercules team).

Project Meetings
Collaborative scientific visit - Cheryl de Boer (UT) to OCT in Madrid. 02-06th/02/2015 - The
meeting generated the following principal outcomes:
- Working model of land use change, programmed in R, for the province of Overijssel.
- Clarification of work to be done in following stages - this includes the programming work
that needs to be done to incorporate the CIT variables into APoLUS, animation of gifs,
inclusion of multifunction categories that are emergent in the future scenarios, scenario
development process (base scenarios for discussion during workshop in Overijssel, game-like
approach to incorporating stakeholder knowledge into the land use model etc).

International Research visits and consultations with scientific advisors
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R. Hewitt research visit to VITO, Belgium on behalf of COMPLEX WP3 Team. Discussion of
APoLUS model with Roger White (COMPLEX scientific advisor and leading authority on CA
land use models), and Maarten van de Meulen (programmer working on CA land use
models). 18/10/2014 – 21/10/2014
Topics of discussion included:
-

How to implement an activity-based model where activities are types of renewable
energy that are compatible with some land uses and not with others (R White).

-

Conceptual structure of an economic or political and economic (i.e political change
triggering collapse of a subsidy mechanism) component that would control cell demand
(R White).

-

Implementing a fast land allocation module in R software (M. van der Meulen).

Inter-project collaborations with other work packages
Development of land use-economy model between WP3 (R Hewitt) and WP6 (Anna
Shchipstova, Elena Rovenskaya). See Milestone 66 for full description of the nature of this
collaborative work.

Collaborations with other research projects
-

HERCULES (FP7). Invited to participate as stakeholder and share experiences from
COMPLEX project.

-

SIGEOMODII (Spanish national research plan) Links established between COMPLEX and
SIGEOMODII project: “Simulaciones geomáticas para modelizar dinámicas ambientales II.
Horizonte 2020”. Proyectos de I+D. Universidad de Granada, Universidad de Alcalá,
Spain. Université de Toulouse Jean Jaurès, Francia. UNAM, Universidad de Guanajato,
México. 2014-2017. BIA2013-43462-P. R.Hewitt provides the link as the key contact with
involvement in both projects.

-

RENEWAL: Renewable energies and Landscape is a project in collaboration with the
Polytechnic University of Madrid (Research Group – Ecology and Landscape) dealing with
Participatory Modelling Decision Support Tools for a better implementation of new
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installations of renewable energies. Campus de Excelencia, Moncloa. UPM-UCM, Madrid,
Spain.

Report to Stakeholders in Dalfsen
As part of the work done to scope the local case study in the Netherlands, (Dalfsen,
Overijssel) a report was provided to the stakeholders for feedback. See WP6 report below,
for details.

Other activities
A tutorial “land use modelling in R” was prepared by R.Hewitt and sent out to our test group.
2 modules have so far been completed. The tutorial will have 5 or 6 modules and be tested
on a small group of researchers. Key modules of the tutorial will relate to using the APoLUS
model developed under COMPLEX.

Significant results
We have developed a working model of open source Land Use Decision Support software:
APoLUS (Actor, Policy and Land Use Simulator). APoLUS simulates future land use
configurations under different renewable energy policy scenarios to help understand how
EU Low Carbon Road Map objectives can realistically be achieved. The framework for this
model and its use successfully incorporates qualitative and quantitative information in the
parameterisation and calibration process. International scientific advice has been sought and
received during the development of APoLUS.
We have developed a prototype Gaming Methodology for Collaborative Renewable Energy
Planning: In order to elicit the type of qualitative context dependent data desirable for
APoLUS we developed a game-based stakeholder workshop and implemented it in Dalfsen,
the Netherlands. To increase the “interest factor” this game based methodology allowed
stakeholders to make use of an interactive map table prepared with GIS maps, various
representations of RELF and information related to the implementation of RELF.
We have established links to provide continuity of COMPLEX objectives following
completion. Especially relevant are the links established with the RENEWAL (V.Hernández
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Jiménez) and SIGEOMODII (R.Hewitt) projects which will provide collaboration opportunities
around Renewable Energy deployment in the landscape and integrated simulation modelling
respectively.
A Master Thesis was supervised by COMPLEX staff as the UT and completed under the title:
Exploring the transition to a Low-Carbon Economy from a bottom-up perspective. A
comparative case study of implementation processes of local renewable energy initiatives in
the Dutch Province of Overijssel. Author: Beau Warbroek, Completed as Master of Science in
Public Administration. This thesis incorporated our gaming methodology and made
connections to the APoLUS model.
In the Dutch study region, we have added an additional case for partial comparison in the
Province of Friesland. This has been enabled by the availability of a PhD student that has
been funded by the Province of Friesland to research local initiatives in the Province. This
PhD (Beau Warbroek) is employed under CSTM at the University of Twente. While this
research is not directly comparable with the process followed in Overijssel, we are working
together to compare the various local energy initiatives in terms of governance and other
policy influences that affect these initiatives.

2.3 Work package 4 (Sweden, Stockholm-Mälar)
WP4 has two RTD targets, one is to develop a cognitive model of decision-making; the
second is to influence policy at a range of levels from regional to supra-national. In
accordance with Annexe 1, work on the cognitive model will continue right through period 3
to within a few months of the end. The decision-making focus will shift from RTD to
integration, exploitation and dissemination in period 3.

Progress towards objectives and details for each task
The work package is well on the way with its tasks, despite some initial budget and
recruitment problems. All through the project, including the second period, we have worked
on both of our two tracks i.e. 1) model selection, development and simulation, and 2)
stakeholder identification, interaction, and analysis, including a series of stakeholder
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workshops. Below, we will describe the situation for the WP4 tasks relevant for period 2
(Tasks 4.1 and 4.2 were completed and reported for Period 1):
Task 4.3: the work on Task 4.3 was started in period 1, but continued and was completed in
Period 2, and has been reported in deliverable D4.2. The main work within this task has been
focused on the construction of a dynamic optimization model for cost effective low carbon
paths in the Stockholm-Mälar region (Gren, Marbuah, Tafesse, 2015). A discrete dynamic
model was constructed with three main low carbon options: reductions in use of fossil fuel,
investment in renewable energy, and establishment of carbon sinks. These options will also
affect water quality (Lake Mälaren and the Stockholm archipelago), and the model therefore
includes these effects. Furthermore, the model accounts for technological development of
renewable technologies, deprecation of investment in these technologies, appreciation over
time in establishment of land for carbon sink, and imperfect enforcement at the municipality
level. The model is divided into 52 drainage basins which are aggregated into 36
municipalities, 5 counties, and 1 overall region, the Stockholm-Mälar region. It accounts for
heterogeneity among regions with respect to land use, costs of measures, and policy
implementation capabilities. Further, uncertainty in reaching carbon and water quality
targets are introduced in terms of chance-constrained programming which rests on safetyfirst decision rules under uncertainty.
Values of forest carbon sequestration and nutrient recycling have been calculated by
applying the replacement cost method. The value was then determined by the savings in
costs by the replacement of more expensive abatement measures with these ecosystem
services in cost effective climate and nutrient programs. The programs used are different
interpretations of the EU 2050 climate policy for carbon emissions and Baltic Sea Action Plan
for nutrient reductions to the Baltic Proper.
Task 4.4: involves the development of a computational model relating cognitive aspects to
spatio-temporal considerations, with an initial focus on individual decision making for
transport choices. The objective for this model is to find how individual choices/decisions are
influenced by internal and external factors. This task has primarily involved HL and a skilled
PhD student from KTH, Azadeh Hassannejad Nazir, who has worked full time on this task all
through Period 2.
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The first part of this model, which is a neural network model of the decision making process
based on neural, psychological and social facts and theories, has been completed and
published (Hassannejad, Nazir & Liljenström, 2015). The second part, which involves a
spatio-temporal application will be completed during the autumn 2015, and will be reported
as deliverable D4.3.
We have developed a neuro-cognitive model with focus on the individual decision making
process (DM) under social and environmental interaction, using Bayesian probability theory.
The model is based on psychological, behavioral and environmental factors. The first phase
of this modeling involved the development of a computational model of the neural
correlates of decision making, and is published in Hassannejad & Liljenström (2015).

Fig. B1. Schematic flow chart of the subsystems and information flow in the modeled decision
making process.

The three neural structures considered essential for human DM (amygdala, orbitofrontal
cortex (OFC) and lateral prefrontal cortex (LPFC)), and their interactions, are modelled at a
neural population level (see Fig. B1). The neurodynamic activity of amygdala and OFC
represents the neural correlates of emotion, while the activity of certain neural populations
in OFC alone represents the outcome expectancy of different options. The cognitive/rational
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aspect of DM is associated with LPFC. Our model is intended to give insights on the
emotional and cognitive processes involved in DM under various internal and external
contexts. Different options for actions are represented by the oscillatory activity of cell
assemblies, which may change due to experience and learning. Knowledge and experience of
the outcome of our decisions and actions can eventually result in changes in our neural
structures, attitudes and behaviors. Simulation results should have implications for how we
make decisions for our individual actions, as well as for societal choices, where we take
examples from transport and its impact on CO2 emissions and climate change.
In the second phase of the modeling, we develop further the interaction with society and
environment in a spatio-temporal application, which will be reported in deliverable D4.3 and
also published as a separate paper. In this part, we address the issues of social interaction,
partly based on social capital (trust), which is related to the work performed by IMG and
colleagues in Task 4.6

(A)

(B)

Fig. B2. Path networks of two (of three) modes of transport used here: Public transport (A), and
Car (B). Four colored lines illustrate different shortest pathways in terms of distance (red), time
(blue), cost (green) and CO2 emission (black).

In our model example, we have agents with different stereotypical attitudes, prioritizing
according to economy, time, or environment. The agents can choose between available
options for transport from home to work, Bike, Car, and Public transport, where each mode
has a different path density. There are societal influences from other agents, which include
governments/policy makers at different levels, and which depend on social distance (trust).
The goal is to maximize the net reward that an individual receives when traversing a
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pathway between initial and final positions in an artificial path network (see Fig. B2).This
reward is a function of preference and attitude, which can be illustrated by different
pathways which should be minimized in the path networks, where both environmental and
societal influences may alter the paths.
Interaction among agents involves both cognitive and emotional aspects, and policy makers
can appeal to a combination of these, depending on known distribution of preferences
among the citizens. An enhanced trust in society is important for reducing CO 2 emissions,
and both trust and attitude may be affected by different actions and policies of societal
agents, who learn by experience.
A main objective is to investigate how behaviors and life style may change as a result of
attitudes, experience, and social interaction. The degree of social influence and acceptance
of policy implementations is related to trust, or social capital, which may vary with region
and societal levels. Presumably, trust decreases with social and spatial distance, so e.g. that
citizens in the Stockholm-Mälar region, in general, have higher trust in local authorities than
in decisions and policies taken at an EU level in Brussels. There may even be a notable
difference in the trust towards policies at municipal and county/regional levels. Likewise,
there is generally a decay in the willingness to change behavior or life style with time of the
“reward”, i.e. with the temporal distance. For example, we are more likely to give up eating
bad food, if it has an immediate effect on our health, than if the health problems come later
in life. Similarly, it is difficult to motivate people to reduce carbon emissions, when the effect
of our decisions and actions may be visible only after several decades.
Task 4.5: concerns a survey on place-based information and data demands and potential
retrieval across stakeholders, such as local entrepreneurs, governmental authorities, project
participants, and general modelers/scientists. It also includes scenarios on paths and
endpoint 2050 for the Stockholm-Mälar region, which have been developed, together with
stakeholders, partly at several stakeholder workshops.
The sequence of workshops with stakeholders, was continued from period 1. Results are
summarised under WP7. These milestones MS44 and MS47, which were stakeholder
workshops held in Sigtuna, took place in November 2014 and September 2015, respectively.
These activities with stakeholders have enabled the project as a whole to mount
dissemination actions.
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Task 4.6: involves an analysis of environmental, institutional, technological, and economic
time dependent factors, ensuring long term productivity of land, including empirical
assessments of implementation and enforcement of policies and drivers for voluntary
initiatives at different hierarchical scales. The role of voluntary instruments has been
analyzed by a field experiment on climate labelling of milk in shops and stores in Uppsala
county (Matsdotter et al. 2015). Impacts of economic and institutional settings for the actual
reduction in GHG emissions have been studied by the use of econometric methods by
Marbuah and Gren (2015) on a panel data set at the county level for Sweden. Different
constructs of social capital is used together with measures on economic development. The
econometric analysis of ecosystems was reported as a milestone (MS45) by IMG and
submitted in spring 2015, and is summarized in Appendix D.
The environmental analysis (in a sustainability context) with a policy maker survey, was
carried out based on a workshop organized in November 2014 by the Stockholm Resilience
Center in collaboration with WP4, for a wide set of stakeholders in the region, and on the
annual conference of the Mälar Council (Mälardalsrådet) in Nyköping in May 2015.
COMPLEX was invited to organize a special slot at the Mälar Council exhibition.
Task 4.7: for this task work has been performed in collaboration with local stakeholders,
developing a model (in the software LEAP) for energy supply, transformation and use, and its
associated greenhouse gas emissions, in Uppsala municipality from now until 2050
(Roadmap to a climate neutral Uppsala). Reference scenarios have been modelled, based on
current trends and government policy under implementation, and local scenarios have been
developed in collaboration with local actors. The work has been reported in deliverable D4.4
and a paper is planned for a scientific journal.
The Roadmap to a climate neutral Uppsala is a development project initiated by the Uppsala
municipality and managed by the Mälardalen Energy Agency, so it is a stakeholder-driven
project that has involved us as researchers, which gives excellent opportunities for uptake of
concepts and results from the COMPLEX research into the ongoing local long-term and
short-term planning of the municipality, and its collaborating stakeholders. We are involved
in spatial and traffic planning, energy systems planning, climate reporting and methodology
development.
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Further Information about the reporting period
In reporting period 1, we explained that WP4 was experiencing recruiting problems and was
dogged by costing errors that led us to underestimate the resources needed to complete the
work. We have compensated for these problems by re-scheduling deliverables slightly (in
negotiation with the Steering Board) and pulling in resources from other WPs (notably WP2)
and from outside the project.
We are proud and happy to report that WP4 is back on-track and contributing resources to
the other WPs. In the final year, we expect to capitalise on these successes by feeding more
into the synthesis activities of Year 4.
A good basis would be to use all the completed activities during period 2: the models, the
stakeholder involvement and the underlying analysis schemes on processes. In the end of
January WP4 will be the local host for the entire COMPLEX project event formulating the
synthesis part of COMPLEX to be finalized from January 2016-september 2016. Here
complementary activities will be inserted in the WP4 activity planning of issues not yet
covered or reported, continued scientific publication, and outreach activities of different
character using the already created networks among Swedish stakeholders and decision
makers at large.
As an example, milestone MS48 is an early limited dissemination seminar with stakeholders
and the public, made in order to be a preparation event together with other organizations
with base at SU/SRC, and intended to provide input for policy makers in the StockholmMälar region. This event is planned for Nov 2015.
Based on the work in Task 4.7, Cecilia Sundberg is contributing to planning and performing
two workshop arranged by the Regional Council in Uppsala, regarding the Strategic Regional
Plan, in November 2015. One workshop is on urban-rural relations, the other on a fossil-fuelfree and climate-positive region.
Tasks 4.8 and 4.9 will be carried out as planned during the third and final period of the
project.
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Significant results

Ing-Marie Gren and colleagues
The results in Gren (2015b) on the value forest carbon sequestration and nutrient recycling
showed that it can correspond to approximately 0.5% of the region’s gross domestic
product, or 40% of the value of productive forest. The largest part of this value is attributed
to carbon sequestration because of the relative stringency in targets and expensive
alternative abatement measures. However, sequestration is uncertain because of stochastic
weather conditions, and when society has a large risk aversion for not attaining climate and
nutrient targets the value of the forest carbon and nutrient sequestration can approach
zero.
The study on impacts of voluntary measures in terms of climate labelling on milk indicated
small effects in switching of demand for milk to that with a climate label (Matsdotter et al.,
2015). Instead, there was a switch in demand for milk with climate label and milk with other
‘green’ labels such as ecologically produced milk.
Marbuah and Gren (2015) investigated which factors influence actual reductions in GHG
emissions in Swedish counties. Econometric analyses were used which rested on data from
official statistics and poll investigations. A specific question raised was if and how social
capital contributes to GHG decreases as compared with other variables frequently studied,
such as economic prosperity. Different constructs of social capital were used (organizational
activity, general trust, and trust in specific authorities. It was shown that GHG decrease
relatively more in counties equipped with abundance of social capital and wealth.
The main purpose of the study by Aklilu and Gren (2015) was to review studies in economics
on policies for carbon sequestration. Specific design problems are associated with
heterogeneous carbon sites, uncertainty in carbon sequestration, additionality and
permanence in carbon projects. The review showed that the literature on policy design is
relatively recent and scant, and the main part suggests discounting of the carbon sink value
to account for the uncertainty. A few studies have been evaluating the functioning of carbon
sink markets in practice, the carbon trade of which corresponds to approximately 0.3% of all
carbon trade in the world.
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Hans Liljenström and colleagues
The computational neuro-cognitive model by HL and AHN is unique in its attempt to use
current knowledge from neuroscience and cognitive neuroscience for making a model of
decision making with relevance to climate change. As far as we know, this is the first attempt
to integrate a neural network model of individual decision making in a multi-agent context,
with relevance to societal and environmental issues.
We have primarily used neurocomputational methods to tackle the personal factors and
individual behavior in our model of the decision making process. At the individual level,
Kahneman’s hypothesis of “fast and slow thinking”, has been applied in modeling the
interaction of emotion and cognition in decisions. Amygdala, orbitofrontal cortex (OFC) and
lateral prefrontal cortex (LPFC) have been considered as the major neural structures
underlying decision making. The interaction of the two former structures plays a crucial role
in the emotion perception and the emotional response, while rational decisions are
developed at the latter structure. The resultant of emotional and rational selections infers
the final decision making strategy. Social influences are confined to social advice received
from agents relating to the decision maker (main agent). Agents condition the decision of
the main agent regarding the social distance (degree of trust) and attitude similarities.
In our modeling, we use knowledge and insights from neuroscience, cognitive science and
social science to take grips on the problem of behavioral changes at individual and societal
levels, but the modeling and its results so far need to be further explored. While the
simulation results are a long way from being conclusive, we believe our model can provide
insights into the relation between individual and societal decision-making and choice of
action. We also believe an understanding of the complex interplay between various
emotional and cognitive factors, including the influence of society and environment, when
making short and long term decisions, can be guiding for policy makers and other societal
agents.

Cecilia Sundberg and colleagues
In the model of energy use and greenhouse gas emissions from all activities in Uppsala, five
scenarios were developed including a baseline case based on projection of historical
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development, current legislation and firmly decided measures and a target-fulfilling scenario
where strong emission reductive actions and social transition take place. The result implies
that large GHG-emission reductions can be achieved on a local basis, even though the closeto-zero climate target is not achieved in any of the scenarios. By mobilizing stakeholders in
the process of roadmap development, there is good potential for the roadmap to guide local
action towards energy savings, renewable energy investments and GHG-emission reduction.
Moreover, the roadmap scenario model can serve as a tool for making trade-offs and
prioritize among possible measures.

Uno Svedin and colleagues
With regard to the sequence of stakeholder workshops (and associated activities) during
period 2 they have scanned the panoramas of views with regard to different sets of
stakeholders.
The early November workshop in Sigtuna (prepared by three specific seminars at KTH,
Stockholm University and SLU) was directed to a set of senior staff individuals at political,
agency, at NGO organizations. Here the relations between their professional understanding
of use of models in a planning context was challenged by a gaming event dealing with
overriding policy creation at regional and national levels. A scientific report about the
gaming experiences has been written and presented (Meijer et. al. 2015) to an international
conference in Japan on gaming - to be further consolidated into at least one published paper
in a relevant Scientific Journal. A formal report about this task has been provided by the
project to the EU (May 2015).
The workshop also in November 2014 (together with a number of Stockholm Resilience
center projects with home base in Stockholm University, including COMPLEX/wp4) can be
seen as part of a broader stakeholder network engagement with focus on the StockholmMälar region. (A report for its Swedish audience about this event has been produced and
been distributed to the around 70 key stakeholders and to other relevant actors).
Thus the invitation by the Mälardalsrådet (the central political body for the Stockholm-Mälar
region) to COMPLEX/WP 4 to organize a part of the integrated exhibition by May 7, 2015 at
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their annual meeting in Nyköping (for around 300 politicians from the region) should be seen
in that light. A survey was also conducted by us (SB, US) at that time.
The workshop at the Sigtuna Foundation September 3rd (report is under preparation)
covered the issue of paths to a low carbon society by 2050 under a variety of scenarios.
In addition to formal reports to the EU covering these events in one way or the other when
formally required, scientific papers are under preparation to cover these dimensions. (One
outlet has been various invited presentations to be given at large international events as
Svedin at the Montpellier 2014 Resilience Conference or just after the end of the period 2 by
Svedin at the international Conference in Stockholm on Transformations in October 2015 at
Stockholm University for around 300 persons, during which Svedin gave a presentation, the
abstract of which was printed in the formal Conference program).
General topics of insights relate to stakeholder diversity, multi scalar processes, the process
of long term regional planning, cross scalar interactions, interdisciplinarity as a basis of
systems understanding.

2.4 Work package 5 (Energy, Socio-Economic, Climate Modelling)
Progress towards objectives and details for each task
Task 5.3: Stakeholders workshops and consultation (TNO, UT).The first stakeholder workshop
was organised by TNO following MS54, WP5 stakeholder consultation. The event was
conducted in one day on 5 June 2015 and took place in Brussels, Belgium. The
representatives from WP5 partners were present as well as several external policy
stakeholders from DG Clima, DG Move, and the Dutch ministry of Environment and
Infrastructure and some experts. It was conducted in the form of role-playing participatory
workshop that was followed by discussion of results.
The other event was the participatory workshop in Dalfsen (in collaboration with WP3-UT
team). Ms. M.B.Tariku, T.Filatova and Prof. A Voinov used ABM2 from the WP5 CEE system
of models during the participatory workshop in the Duth municipality of Dalfsen on
22.09.2015.
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Task 5.4: Data collection and analysis. The main database used in OD 2.0 is EXIOBASE 2.
EXIOBASE is a database of detailed global multiregional environmentally extended Supply
and Use tables (MR EE SUTs) and input-output tables (IOTs). It was originally developed by
TNO, Norwegian University of Science and Technology, the Institute of Environmental
Sciences, Groningen University, SERI, Wuppertal Institute, Gesellschaft für wirtschaftliche
Strukturforschung and the Institute for Prospective Technological Studies in the EU projects
EXIOPOL (A New Environmental Accounting Framework Using Externality Data and InputOutput Tools for Policy Analysis) and CREEA (Compiling and Refining of Economic and
Environmental Accounts). The second version of the database, EXIOBASE2, uses 2007 as its
base year and covers 43 countries, 163 industry sectors, 200 product categories by country,
80 resources and 40 emissions (Wood et al., 2015).
However, EXIOMOD, being a CGE model, requires a fully balanced Social Accounting Matrix
(SAM) as its core database. In the supply and use system receipts and payments are
balanced for product and activities accounts, but it is not clear how incomes of final
consumers (household, government and investment agent) are formed and how this
incomes correspond to the expenditures of these final consumers. For preparation of
EXIOMOD 2.0 for COMPLEX CEE system of models, we have finalized the construction of a
Social Accounting Matrix by supplementing the information from supply and use system with
data from National Accounts (Eurostat) in order to achieve balance on all the markets. This
process has been done in three steps. Firstly, factor earnings and taxes from value added
block are assigned as incomes to specific types of final consumers: wages and profit go to
households, taxes to the government and depreciation to the investment agent. Secondly,
income transfers between final consumers are recorded. The data on income transfers come
from National Accounts, specifically the following transactions: income and wealth tax, social
contributions, social benefits and net savings. And lastly, residual dis-balances in the
accounts of final consumers are corrected via international transfers. The development of
the model database has been finalized by establishing a trade link between the countries.
For the ABM, empirical data for our agent-based energy market model are used. Namely, the
available EU statistical data and regional databases, i.e. data on energy use in other sectors,
current behavioral functions on demand and supply side (from the CGEs models we link to),
past and current energy consumption by households as well as production and etc. The
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model is spatially explicit so we also employ GIS maps. The ABM team is also in progress of
running a survey for collecting data on behavioral change, which includes not only change in
choices but also in preferences and opinions on energy, climate and environment,
potentially affected by social influence.
For GCAM, a part of the model databases have been updated. Frist, the literature on
estimation of fossil fuels and uranium resources and proceed were surveyed to update the
fossil fuel resources in the GCAM model with state-of-the-arte estimates. Second, the
population and GDP data of the database of Shared Socioeconomic Pathways have compiled
and adapted to the GCAM model.
One of the deliverable associated to this task is D5.5, ‘Reporting on development of the
Model Database’. More details on the development of the model database can be found in
the report.
The other activity within this task ‘analysis’ have been carried out to some extent by
individual models in the system. These activities are briefly described in next section,
progress report of Task 5.5, and the section on ‘significant results’. The policy analysis with
the integrated version of the CEE system of models model will be carried out in the coming
months. The results will be reported in D5.7, ‘Final Report on results and policy Briefing’ in
month 46.
Task 5.5: Implementation of the modelling system. Development of EXIOMOD CGE2 model
within the second reporting period are:
Task 5.5a: Finalisation of EXIOMOD 2.0 base model and testing. EXIOMOD 2.0 is based on a
modular approach specifically designed to conduct both Input-Output analysis and CGE
model simulation. With this modular approach and depending on the subject under
investigation, the modeler can easily change the regional and sectorial segmentation as well
as the level of complexity regarding the specification of the model by switching on or off
specific blocks. One of the main reasons for this approach are to reduce the complexity of
the model, installation of different modules for COMPLEX, and partial integration with the
other WP5 models (e.g. energy market ABM). Moreover, with the current structure
EXIOMOD 2.0 can distinguish different key effects embodied in CGEM which can greatly help
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the interpretation of the results. In particular, it can separate volume and price effects. The
volume effects are directly derived from the IO analysis whereas price effects come from the
general equilibrium framework. Moreover, EXIOMOD can isolate direct and indirect volume
effects by distinguishing different type of multipliers (multipliers of intermediaries, of
investments and of consumption).
For the testing, a baseline scenario has been developed and the model has been tested for a
set of policy options, regulations, and intrinsic motivations. The reference scenario is
calibrated on the CEPII EconMap v2.2 data (Fouré et al., 2012; Fouré et al., 2013) as well as
energy/resource efficiency trends for CO2 emissions, material and land use (FAO).
Task 5.5b: Development of reference and policy scenarios. For the final policy simulations
runs of EXIOMOD 2.0 within the system of models we have been developing a base line and
a set of policy scenarios based on the narratives of a selection of SSPs3 (and corresponding
RCPs). For this, the following subtask are being now finalised:
1) Preparation of the RCP/SSP data.
2) Design of integration of RCP/SSP data with the CGE model for the baseline scenario
(currently in progress).
3) Development of the modules and extensions:
Land & Water module (finalised): To assess the impact of climate change on the availability
on natural resources and use it as a supply constraint in our model, a reduced land use and
water supply module based on the LPJML4 approach has been developed and tested in
EXIOMOD 2.0.
Climate change (damage) module (being finalised): Following D5.3, the climate change
module will be a stand-alone module used to translate (exogenous) temperature increases
in (endogenous) economic damage in EXIOMOD. So far, we have selected damage functions,
implemented them in GAMS (programming language of EXIOMOD). The next step is the
matching of the damage from FUND with the sectoral structure of EXIOBASE (the model
database).

3

Kriegler, Elmar, et al. "A new scenario framework for climate change research: the concept of shared
climate policy assumptions." Climatic Change 122.3 (2014): 401-414.
4 LPJmL - Lund-Potsdam-Jena managed Land
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Technical change module (being developed): Following D5.3, we use a basic (vintage capital)
approach with two production functions: one with fixed proportions between capital and
energy and the other with high elasticity of substitution between capital and energy. The
module is under development and has been only tested in a theoretical framework with
capital requirements for the new technology (abatement costs) and the dynamics of
investment into the vintages (old and new technology). The latter requires some adjustment
in EXIOMOD base model for the investment decision and capital accumulation for the
integration with EXIOMOD 2.0.
EXIOMOD 2.0 is now fully implemented in a GitHub organisational repository, called EMPLUS. GitHub is a web-based repository offers the distributed revision control and source
code management for models. The repository facilitates the (restrictive) collaborative
development of the model and ultimately provides an open access for more
developers/users. The model repository currently includes the source code, documentation,
and issue tracking (including feature requests). For now, the access is limited to the TNO
model developers and WP6 model integration team.
Task 5.5c: MADIAMS/SDEM (NIERSC). The major developments of actor-based systemdynamics MADIAMS/SDEM model family within the reporting period were:
-

Development of the ‘Arctic feedback’ model to explore the impacts of shrinking Arctic
sea ice on global energy markets and on globally coordinated climate mitigation policies;

-

Development of regionally resolved models to explore the potential welfare
redistribution impacts of carbon taxes.

Model simulations along these two major lines of MADIAMS/SDEM development suggest
that: the positive ‘Arctic feedback’ under consideration (global warming and shrinking sea
ice in the Arctic leads to an intensification of the offshore extraction of hydrocarbons,
thereby enhancing consumption of fossil fuels and hence global warming even further) is
essential for modelling the global coupled climate-economic dynamics, and activation of this
feedback in the model substantially alters the dynamics of global climate variables; carbon
taxes may have substantial positive long-term welfare impacts, and the redistribution of
carbon tax revenues can counter imbalances of the climate-change impacts and the
economic development within the different economic regions of the same country
efficiently.
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Task 5.5d: FUND (UoS). The redevelopment of FUND in Julia and Matlab continues apace,
with recent efforts focusing on creating a version of the model with every country separately
represented. The national version will be applied in a book chapter on geoengineering (due
December 2015) and an AEA conference presentation on the thermohaline circulation (due
January 2016). FUND is fully compartmentalized, so that alternative model specifications and
configurations are readily tested and compared. We are now able to simultaneously run
different model set-ups, so that structural sensitivity analysis and ambiguity analysis are
routine. This has been described in a paper published in Computational Economics. We
introduced objective Bayesian model selection and averaging. This has been described in a
paper published in Energies for the costs of climate policy. It is further applied to the impacts
of climate change in a paper that is conditionally accepted for the Review of Environmental
Economics and Policy.
Task 5.5e: ABM (UoT). Two basic ABMs are being developed: ABM1 is a regional agentbased market model (NUTS2 region) and ABM2 is a smaller-scale test version at the level of
a municipality. The initial base model of ABM1 was presented and published as a peerreview paper (Niamir and Filatova, 2015b).Both ABMs are implemented in the Netlogo
software platform.
ABM1: We designed and programmed an ABM with the aim to investigate nonlinearities in
energy markets. It aims to trace potential discontinuities in energy markets driven
endogenously from within the economic ABM or triggered by changes in the environment.
The quantities and prices of different energy sources namely low-carbon-energy and fossil
fuel and corresponding greenhouse gas emissions resulting from the microeconomic choices
are indicators of an aggregated ABM energy market dynamics. On the demand side, our
ABM will disaggregated only residential sector demand taking the energy demand of all
other sectors from CGE. When modeling changes in individual energy demands in between
annual equilibria of the CGE we would like to explicitly trace changes in preferences and
energy consumptions choices driven by individual assessments, pro-environmental attitudes
and social interactions (norms). This will result in the new budget shares a households spend
on (i) energy vs other goods, and (ii) LCE vs. fossil fuel energy sources. On the supply side we
will differentiate between energy production based on fossil fuels and low-carbon energy
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sources taking the aggregate supply equations structurally similar to the ones in the CGE.
Ideally, this process will result in new elasticities, which could serve as inputs to the CGE.
ABM2: looks exclusively at the demand side and operates at a smaller geographical scale (a
city level). ABM2 is applied to a Dutch municipality of Dalfsen, which is one of the pioneering
green municipalities in the Netherlands. At the micro level ABM2 looks at households
decisions to install PVs, insulate or continue business as usual. At the macro level it looks at
the aggregate energy saved due to individual measures (in m3 and kw saved) as well as the
amount of CO2 saved, diffusion rate of various types of insulation and solar panel, and
financial costs for households and eventually the government in case there are subsidies
provided. ABM2 is spatially explicit (GIS maps are uploaded and urban areas are denoted) so
that spatial neighborhood effects of diffusion can also be traced.
Currently the demand and supply sides of energy (electricity) market are simulated using
NetLogo with GIS and R extensions. We explore the dynamics of market shares of lowcarbon electricity in the scenario where a household’s choice on the type of electricity (grey
or green) is driven exclusively by preferences vs. when market-clearing mechanisms is
explicitly modeled. We also contrast the results for a population of household with
homogeneous vs. heterogeneous preferences and awareness of climate change as well as
incomes.
Task 5.5f: GCAM (BC3). We have been testing the sensitivity (Monte Carlo analysis) of the
outcomes of the GAM model in terms of emissions ant temperature change to the
availability of fossil fuel resources. In this work we have assess the likelihood of different
climate pathways under uncertainty of resources. Finally we have derived a new set of
resources endowments that can be used to analysis climate change and energy pathways
under different assumptions on the availability of energy resources.
Task 5.5g: Integration of the models within the WP5 Climate-Energy-Economic (CEE) System
of Models. The integration of the modelling blocks within the CEE System of Models are
being developed. The development is in a close collaboration with WP6 integration team.
BC3, TNO, and UoT have been supporting WP6 on the development of the interfaces
between the models. The first step has been the peer integration of the models, using the
data exchange module, wrapper, developed by WP6 team (cf. WP6 progress report).
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BC3 has been working together with TNO on the integration of GCAM and EXIOMOD-ABM
model. In the first stage, we have used the GDP by region produced by EXIOMOD as an input
to the GCAM and produced various outputs such as emissions, energy mix, electricity
consumption, energy prices. These outputs will be further used in the EXIOMOD-ABM model
and the process will be repeated, until both models converge.
The integration between ABM and CGE is done by UoT team in close cooperation with TNO
and the WP6 integration team. The CGE model simulates the balance in goods, services and
money flows between economic sectors as an annual equilibrium on many markets within
an economy, while the ABM zooms into only the energy market and run quarterly. The
highest scale of the ABM is NUTS2. The lowest scale of ABM is households on the demand
side and energy-producing firms on the supply side. The quantities and prices of various
energy sources and corresponding greenhouse gas emissions resulting from the
microeconomic choices are some of the indicators (outputs) of an aggregated ABM market
dynamics, which would be the input of CGE. The dynamics of energy markets may be
measured in terms of energy production, energy consumption, energy prices, GDP, resulting
CO2 emission, and market shares of energy sources (e.g. low-carbon energy sources vs. fossil
fuels). This is discussed in details in the Deliverable 5.3 and two conference papers (Niamir
and Filatova 2015a,b). This activity is still under development. So far, the methodology and
the wrapper has been tested in a very stylised version of the models. The first data exchange
for the initiation of the ABM has been also carried out by TNO and the UoT team.
In EXIOMOD, climate damage are calculated using a number of the damage functions from
the FUND model (UoS). The damage functions in FUND are separate reduced-form equations
for different types of damage.
FUND includes separate damage functions for: sea level rise (including adaptation), energy
consumption, agriculture, forestry, water resources, cardiovascular and respiratory diseases,
malaria, dengue fever, schistosomiasis, diarrhoea and ecosystems, at varying levels of detail.
For the integration, so far TNO has selected damage functions and implemented them in
GAMS, the programming language of EXIOMOD. The matching of the damage from FUND
with the sectorial structure of EXIOMOD is now being finalised.
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The methodological framework for the integration of the model within the CEE system can
be found in D5.3 report. For more details on the integration activities and the
methodological contribution of WP6 team, please refer to the progress report of WP6.
Task 5.6: Validation and testing. Validation and testing of the CEE system of models will be
only started when Task 5.4 and Task 5.5 are finalised. This task will be carried out in a close
collaboration with WP6 team. The devolvement of the theoretical framework and some
illustrations have been already taken place in WP6, for details refer to WP6 progress report.
Moreover, some of the models (blocks of CEE system of models) have been already
tested/validated individually or pairwise with other models, details can be found above.

Further Information about the reporting period
Our model-building work has drawn close to completion in the second reporting period and
we will enter the final year strongly placed to participate in the work of integration,
exploitation and dissemination.

Significant results
Dr. T. Filatova initiated and serves as a Guest Editor of a thematic issue of the Elsevier
‘Environmental and Modeling Journal’ (Impact Factor = 4.420) on using simulation models to
study systemic shocks / regime shifts in coupled social-ecological systems. Together with her
colleagues from the Stockholm Resilience Centre (Sweden) and The Hutton Institute (UK) she
is now finalizing the Editorial to the thematic issue, which collected various examples of
models applied in different parts of the world to study the phenomena.
Uncertainties concerning fossil fuel resources availability have traditionally been deemphasized in climate change research as global emission scenarios have been built on the
assumption of abundant fossil fuel resources for the 21st century. However, current
estimates of fossil fuel resources are subject to critical uncertainties and an emerging body
of literature is providing revised estimates. By integrating the entire range of revised
estimates in an integrated assessment model (GCAM), we find that the two highest
emissions pathways from the IPCC (Representative Concentration Pathway (RCP) 6 and
RCP8.5), where the baseline scenarios currently lie, have probabilities of being feasible of
just 42% and 12% respectively by the end of the century. This is due to the likely depletion of
47

fossil fuels during the second half of the century, driving the global energy transition to
renewables. In terms of temperature change the probability of surpassing the 2°C threshold
remains very high (88%), confirming the need for urgent action. Hence, the integrated
analysis of resource availability and climate change is essential to obtain consistent climate
pathways.
SDEM/MADIAMS is used for modelling impacts of shrinking Arctic sea ice on global energy
markets and on climate mitigation (the ‘Arctic feedback model’) [NIERSC/MPI-M]: Model
simulations suggest that the positive feedback under consideration is essential for modelling
the global coupled climate-economic dynamics, and activation of this feedback in the model
substantially alters the dynamics of global climate variables.
Application of regionally resolved models of MADIAMS/SDEM family [NIERSC/MPI-M]: It was
assumed in model runs that some fraction (up to 100 per cent) of carbon tax revenues
collected in the ‘rich’ region of a big country is transferred to the ‘poor’ region of the same
country and invested there in ‘clean’ (renewable-energy-based) capital. Among different
climate mitigation scenarios considered, a high carbon tax rate scenario turned to be the
most beneficial in the long term for all regions, and provided a strong moderation of regional
disparities by means of redistribution of carbon tax revenues in favor of less advanced
regions.
The new version of TNO CGE model, EXIOMOD 2.0, developed in COMPLEX has been used to
assess the socio-economic and environmental impacts of a policy mix aimed at mitigation
policy, especially resource efficiency and behavioral changes taking into account the targets
of the overall vision for a resource and energy efficient Europe. A reference scenario is used
as a benchmark which is characterized by business-as-usual assumptions concerning
environmental policy in the EU countries (CO2 emissions targets for 2020 will be reached)
and a status quo for all non-European countries. On top of these policy measures, three
alternative scenarios the alternative scenarios (three assumed in the model) demand that
the EU countries meet the targets of reduction of CO2 emissions by 80 per cent (compared
to 1990) with some assumptions about resource efficiency targets such as agricultural land
use, raw material consumption per capita and water exploitation. One important result of
this study is that it is very difficult to find policy scenarios able to meet all the targets. It is
shown that the targets can be met by introducing additional energy efficiency
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improvements. Interestingly though the preliminary results shows also that there can also be
offsetting effect as well as synergy between targets in the energy-land-climate nexus. The
simulation exercise was initially aimed at testing EXIOMOD 2.0, but a working paper of the
policy relevant results is also being prepared. The working paper will be released by January
2016 and presented at the fourth project meeting of COMPLEX.
Following the COMPLEX project objectives TNO has been trying to address the non-linear
interactions between the institutional, technological, market, and behavioural drivers and
barriers in the transition towards a sustainable economy. The result is the development of a
heterogeneous agent model which analyses this transition dynamic as an adaptive complex
system. The stylised model will be used within CGE as a complementary to the ABM energy
market of UoT to track the change in preferences via learning parameters in EXIOMOD. The
model was presented in the annual Conference for Complex Systems (CCS’15). The paper
also was selected as “especially worthwhile” paper chosen from among those conference
papers that have received the highest evaluation by the reviewers. An application of the
standalone model also presented at the 2015 World Resources Forum in Davos.

2.5 Work package 6 (Model Integration)
WP6 deals with the multiplicity of the types and the number of models used in research on
carbon emissions and policy development. Within the COMPLEX project alone, 17 modeling
frameworks have been developed and applied:
(http://owsgip.itc.utwente.nl/projects/complex/index.php/2015-01-29-08-35-56).
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 economicenergy-climate modeling 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.
We have been guided by the principle that a model is any simplified representation of
reality, a conception that makes it possible to argue that every actor has access to intuitive
and conceptual models, even when these are not formalised or made explicit. A householder
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managing a budget for heating, food and travel, for example, must have a mental
representation of the socio-economic context within which those actions are located. WP6
has chosen to treat that conceptual map as a ‘model’ for the purposes of integration,
whether or not the householder accepts or even understands that theoretical principle.
Model multiplicity generates four specific problems:
1)

How to interpret and use competing outcomes from alternative models?

2)

How to achieve more holistic representation of a complex economic-energy-climate
system when models representing system parts are available?

3)

How to relate models and their results obtained at different geographical scales and
at different complexity scales?

4)

How to synthesize knowledge from different modeling exercises (not only
quantitative, but also qualitative) into actual policy options ready-to-be-used by the
decision-makers?

WP6 works to advance our understanding on these four fundamental questions and also
deals with related issues, such as model validation, uncertainty and sensitivity,
communication with stakeholders, nonlinearities and regime shifts. The foundational base
for addressing research questions (1)-(4), as well as the satellite issues, is the COMPLEX
project’s model repository and hierarchy of models assembled by WP6 based on inputs from
other WPs.
We have tackled these questions mostly in a bottom-up fashion, by working with case
studies and trying to derive experience and generalizable conclusions. Additionally, a few
conceptualizing outcomes have been produced in a top-down fashion building on already
accumulated experience of some team members through earlier research and research
within the COMPLEX project, particularly in relation to question (1).

Progress towards objectives and details for each task
D6.1:

Model repository, MS68 Web portal for model distribution. This has now been

implemented and contains a mix of empirical models, conceptual models, complex computer
simulations, and data sets, which are then characterized in several dimensions, such as
model complexity, spatial and temporal resolution, disciplinary coverage, bias and focus,

50

sensitivity and uncertainty, usability and relevance. Qualitative models of stakeholder
knowledge, opinion and scenarios are also included. Some of them are developed from
scratch and some are advanced further so as to meet requirements of the project. The
model repository has been included in the project website and contains the list of the
COMPLEX project models with links leading to more detailed model descriptions.
Source code of some of open source project models has already been made available
through our model repository. The repository is (technically) designed in such a way to
enable model developers adding and editing all relevant information, including the model
source code and accompanying data provided the model is developed under the open
source convention. The COMPLEX project encourages model developers to follow the open
source convention, WP6 actively promoted this idea also by “educating” project modelling
teams regarding the advantages of this approach. Furthermore, we provided assistance with
submitting models to the CSDMS model repository5 - a publicly available repository currently
comprising several hundreds of earth surface dynamic models.
Task 6.2: deals with question (2) and aims to integrate 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 have been explored relying heavily on participatory involvement of
model developers, users, experts and stakeholders. We explore how various modelling
paradigms can be integrated, how model-data frameworks can be optimized for purposes of
calibration, scenario analysis and decision support. Related to question (2) is also Task 6.5,
which orchestrates efforts in integration of computational models, conceptual models and
mental/verbal/graphic stakeholder models. The task involved (i) development of a novel
methodology for ‘soft’ integration (reconciliation) of independent overlapping probabilistic
models, and (ii) implementation of methods for ‘hard’ integration of complementing
models/modules.
Work on these two tasks in the reporting period was guided by MS61 Systems analysis
general collaboration strategy (from the first reporting period) stating the project’s
collaboration strategy between WP6 and other WPs. Task 6.2 produced D6.3 Paper on

5

http://csdms.colorado.edu/wiki/Model_download_portal;
http://csdms.colorado.edu/mediawiki/images/CSDMS_2.0_Annual_Report_2015.pdf
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software and “human-ware” integration, D6.6 Paper on model coupling within energy-socioeconomy modelling suite, and D6.7 Paper on integrated models for climate mitigation. The
paper: A. Voinov, N. Kolagani, M.K. McCall, P.D. Glynn , M.E. Kragt , F.O. Ostermann, S.A.
Pierce, P. Ramu: Modeling with Stakeholders - Next Generation to fulfil D6.3 describing some
recent advances in human - computer interaction in the modeling process has been resubmitted to Environmental Modeling and Software journal after addressing comments from
reviewers. Another paper on model interfaces is in preparation.
WP6 has undertaken an innovative effort to create soft linkages between large models so as
to create a system of models. An exploratory case study of EXIOMOD model and GCAM
model is carried out. 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
the labor productivity are used as inputs into the 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. So far, the data to be exchanged between models have been
identified and we have also formulated how the dataset conversion between the two
models should be performed. Now we are performing simulations so that outputs from one
model are used as inputs to the other and vice versa. Automating the data exchange
between the two models is also in progress. This coupling allows – for the first time – to
obtain truly integrated consistent scenarios of the major variables – the GDP, energy use and
global warming. Outcomes of this highly exploratory and innovative exercise will fulfil D6.6
Paper on model coupling within the energy-socio-economic modelling suite.
D6.7: Paper on integrated models for climate mitigation. This has been delivered in the form
of a review paper on the integration of models that is currently being prepared; it is planned
to be submitted it to a journal by the end of 2015. The paper discusses various perspectives
of integration process, from pre-integration assessment to testing phases. It also presents
how different phases of integration can be improved. An additional paper, related to this
topic, that will review the model documentation standards is also currently in progress.
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Task 6.3: addresses research question (1) from the above list. It aims at development and
application of a novel Bayesian-type methodology for posterior integration (reconciliation)
of independent probabilistic models describing uncertain systems from different
perspectives. The methodology resting on selection of the models’ posteriorly compatible
outcomes is presented in the published paper Kryazhimskiy AV (2015): A-posterior
integration of probabilities. Elementary theory, Theory of Probabilities and its Applications,
60:1, 45–79. This paper fulfils D6.4 Paper on theoretic foundations for model integration.
Note that, an earlier version of this theoretical work has been published in the working
paper Kryazhimskiy AV (2013): Posterior integration of independent stochastic estimates,
IIASA Interim Report IR-13-006. Additional paper, presenting an example of application
related to carbon sequestration by forests, was published: Kryazhimskiy A, Rovenskaya E,
Shvidenko A, Gusti M, Shchepashchenko D, Veshchinskaya V (2015): Towards harmonizing
competing models: Russian forests' net primary production case study, Technological
Forecasting & Social Change, 98:245-254.
In reporting period 2, we designed and started to implement a detailed work plan aiming to
apply the developed integration methodology to reconcile alternative outcomes of four
alternative models of the sea level pressure. The progress of this research as of month 36 is
presented in MS67 Alternative models supporting research on CRE. Namely, in this
exploratory exercise we aim at comparing two principally different approaches to integrating
(averaging) alternative model outcomes. The first approach, developed by WP2, is based on
the information criterion. The second approach, developed by WP6, applies the developed
within the COMPLEX project novel posterior integration method based on the mutual
compatibility of the outcomes principle (see above).
We apply these two integration methods to the same set of models of the sea level
pressure. Integration was performed in three cross-validation runs per season and is
summarized for each method. Obtained preliminary results suggest that the posterior
integration approach gives bigger probability to smaller values of the sea level pressure and
is more informative in terms of the variance than the data-based and model-based
distributions. D6.9 Reports on parallel modelling in the CREs and land-use case studies will
report on the final results in month 42.
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Collaboration not foreseen in Annexe 1 had emerged between WP6 and WP5 in the
beginning of the project lifecycle in the context of Task 6.3. The developed posterior
integration methodology is being applied to analyze and integrate trajectories produced by
SDEM model of the global coupled social-environmental system. We focus on two versions
of SDEM model each having different (probabilistic) climate sensitivity to doubling CO2
emissions. In the first version, the climate sensitivity distribution determined by a thin-tailed
(triangular) probability density function defined as in the PAGE model 6. In the second
version, we analyzed a fat-tailed (log-logistic) distribution; we adopted the one used by
Dietz7. The two model versions were run under two scenarios: business-as-usual scenario
(no mitigation measures) and mitigation scenario (in which a global carbon tax of 15
EUR/tCO2 is introduced). The major part of this case study has been completed by month 36
and the paper is currently being written.
Related to research questions (1) and (2) are two interconnected issues – the model
uncertainty and sensitivity and the model validation, which are in the focus of Task 6.7 and
Task 6.8. In Task 6.7 we attempt to explore the propagation of uncertainty in the context of
model integration. We will specifically focus on structural sensitivity and compare the output
from more complex models to what can be generated by simpler ones. Three cases studies
have been carried out here. In the first one, we observe propagation of uncertainty when
models from a multi-model ensemble are integrated. This investigation relies on the results
of Task 6.3. First, we observe and analyze the propagation of input uncertainty into the
model outcomes. Namely, uncertain climate sensitivity to doubling CO2 becomes an input to
the SDEM model, which then generates dynamic scenarios (with uncertainty) of the global
temperature, CO2 emissions and concentrations and the GWP (Gross World Product).
Tentative results indicate that the distribution of each output variable in the particular year
is left-skewed, i.e., the variable is concentrated toward larger (than mean) values. At the
next level, uncertainty in output parameters from different SDEM models (corresponding to
different climate sensitivities) combine when the outcomes are integrated. As a result of the

6

It is the model on which the influential Stern Review was largely based (Stern N (2007): The
economics of climate change: the Stern review. Cambridge University Press, Cambridge)
7 Dietz S (2011): High impact, low probability? An empirical analysis of risk in the economics of climate
change. Climatic Change, 108:519–541
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negative skewness, we also find that in both scenarios, the mean estimate of the posterior
distribution does not necessarily lie between mean estimates in the original models.
In the second case study, we are planning to trace the propagation of uncertainty in a
coupled EXIOMOD- GCAM system (see above). This is proceeding well, but is not due for
delivery in period 2
Finally, the third exercise here deals with exploring sensitivity in the context of temporal and
functional synchronization in integrating models. The main result here is expected to be D6.8
Paper on structural sensitivity and inheritance: A peer-reviewed paper on structural
sensitivity and inheritance to be delivered in month 40. Paper G.F. Belete, A. Voinov (2015):
Exploring temporal and functional synchronization in integrating models: A sensitivity
analysis has been already submitted and accepted in Computer and Geosciences Journal. In
this paper, we explored: sensitivity to asynchronous time stepping, sensitivity to numerical
methods in component models, and sensitivity to functional responses. We found that
sensitivity analysis for temporal and functional synchronization should be an essential part
of integrated modeling.
In Task 6.8 we attempt to make our contribution to the on-going debate in the global
modeling community on model validation. The key question here is whether and how
“goodness of fit” as a measure of model ‘validity’ can be used given that it is becoming ever
more evident that the course of history can be changed through innovations that create a
qualitatively different and ex ante unpredictable way. This conceptual work will be
presented in D6.12 Report on model validation and innovation in modelling strategies in
month 48.
Additional activity envisaged here was an eventual inter-comparison of SDEM (a simplified
version of MADIAMS model developed in WP5) and EXIOMOD (developed in WP5) models.
Currently, a new member of MADIAMS/SDEM model family – a simplified actor-based
system dynamics version of EXIOMOD is under development. The aim of developing this new
member of MADIAMS/SDEM model family is to reproduce qualitatively in the actor-based
system dynamics framework certain distinctive features of EXIOMOD dynamics. This will be
used for validation purposes as well as to explore possible effects of relaxing the three main
assumptions of the general equilibrium approach: Representative agent, Rational optimizing
behaviour, and Market clearing. Important phenomena, notably, unemployment dynamics,
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labour mobility across regions, possible regimes of idle physical capital and out-ofequilibrium economic dynamics will be explored by means of this simplified model.
We have been working on the phenomena variously described as non-linearity, surprises,
tipping points, regime shifts or system flips. These terms are often used without referring to
rigorous definitions; some of them are sometimes used interchangeably, all refer to
phenomena which cause structural breaks and thus make invalid the traditional approach to
create model-based predictions by extrapolating the current trends into the future. When
dealing with the issue of validation one needs to be able to know whether structural breaks
occurred and can occur in the future. Advanced methods to reliably detect and predict
structural breaks are needed. In collaboration with WP4, WP6 develops and applies datadriven stochastic methods to detect land-use pattern changes under Task 6.4. The case
study is carried out for the province of Seville (Spain). During the reporting period we
concentrated on linking the economic development with the urban land distribution. Having
this in place, the obtained functional dependence will be used to solve an inverse problem to
project future land-use patterns based on scenarios of key economic indicators. The first
methodological problem here includes exploratory data analysis of the urban land
distribution in the studied period, the correlation analysis of economic indicators based on
the reduction of the dataset dimension and the regression analysis with cross validation over
sub-regions. The first two steps are finalized and the third one is in progress. The current
status as of the end of this reporting period is described in MS66 Models supporting
empirical studies.
D6.9: Reports on parallel modelling in the CREs and land-use case studies will report on the
final results in month 42.
D6.11: Software package 2: data-driven stochastic modelling will be delivered in month 44.
In collaboration with WP5, paper G. Polhill, T. Filatova, M. Schlüter, A. Voinov Modelling
systemic change in coupled socio-environmental systems has been published into
Environmental Modeling and Software Journal. The paper explores abrupt systemic changes
in ecological and socio-economic systems. While there has been much attention to studying
systemic changes primarily in ecology as well as in economics, the attempts to do so for
coupled socio-environmental systems are rarer. This paper bridges the gap by reviewing how
models can be instrumental in exploring significant, fundamental changes in such systems.
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The history of modelling systemic change in various disciplines contains a range of
definitions and approaches. Even so, most of these efforts share some common challenges
within the modelling context. We propose a framework drawing these challenges together,
and use it to discuss the articles in this thematic issue on modelling systemic change in
coupled social and environmental systems. The differing approaches used highlight that
modelling systemic change is an area of endeavour that would benefit from greater
synergies between the various disciplines concerned with systemic change.
Research question (3) has been explored within the joint WP6-WP5 exercise on coupling the
global energy-economy-climate EXIOMOD model with a regional agent-based model (ABM)
of energy consumption by households; this is a good example of integration of models of
different geographical scales done within COMPLEX. 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 behaviors
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. At the time of writing this, the development
of the energy market ABM is in progress. The first set of country-level data from EXIOBASE
has been used by the ABM for the initialization of the model. A methodology for the
disaggregation of the country-level data of EXIOMOD to NUTS2 regions has been developed
and tested.
Comparison between a simpler SDEM/MADIAMS model with a more complex model
EXIOMOD (described above) allows contributes here by offering a case study of inter-model
comparison of models of different complexities.
Task 6.6 focuses on research question (4). Here we have explored how models can help
integrate knowledge among stakeholders, actors, institutions, etc. More specifically, we
develop a methodology how to connect the developed modeling tools to policy making. It
led to D6.5 Participatory modeling framework, which aims to create a participatory
modelling framework – a generic framework for participatory modelling with use cases from
the project’s WPs. While the above mentioned paper by Voinov et al. Modeling with
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Stakeholders develops and outlines a clearly structured framework for participatory
modeling, so far we had only very limited opportunity to apply and validate that framework
in this project. All the planned stakeholder workshops are organized and run by other
workpackages and WP6 had been involved only in two such events, which both were largely
planned independently and with goals that were different from this work package. Some
better coordination among WPs in the remaining year could probably still give us a chance to
better connect theory with some practical applications and case studies that are developed
by COMPLEX.

Further Information about the reporting period
If one looks at our list of Milestones and Deliverables (below) one sees that most of these
are either in place or delayed by peer review. We are on track to meet our contractual
obligations within budget and on-time. Our scheduling problems have arisen in the context
of questions (2) to (4), which require us to crowdsource models and ideas and build insights
from the bottom up. To spare you the need to scan back, these questions are:
3) How to achieve more holistic representation of a complex economic-energy-climate
system when models representing system parts are available?
4) How to relate models and their results obtained at different geographical scales and at
different complexity scales?
5) How to synthesize knowledge from different modeling exercises (not only quantitative,
but also qualitative) into actual policy options ready-to-be-used by the decision-makers?
We have made substantial progress towards solving these problems in our domain-specific
WPs (WPs 2, 3 and 4) are all working across scales, trying to achieve a degree of holism,
working to integrate conceptual ‘models’ with formal simulation models and developing
policy briefs. WP5, though it is not working with complex stakeholder communities, is also
working across scales and producing policy briefs as it should. WP6, however, had a larger
ambition, because it aimed to create a repository of integrable models and make robust
generalizations about ‘humanware / software integration’, which will be a key research
focus for WP6 in year 4.
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Significant results

Linking of models
We have identified the techniques that enable linking various heterogeneous models in a
collaborative system of systems. At the first stage, we tested this technique on simple
heterogeneous models where we were able to experiment with temporal and functional
synchronization in linking independently built models. Currently we are applying this
technique to link more complex realistic models so that we can assess the effect of climate
related policies on different sectors of the economy.

Averaging of models
We have developed a new method to integrate alternative distribution-based model
outcomes, which are supposed to represent the same quantity. The method has conceivably
two advantages – (i) it does not aim to fit to past data and thus can be used when past data
is not available or fitting to it is not meaningful, and (ii) in most cases it produces the
posterior distribution with a smaller variance, i.e., the method improves the model
uncertainty.

Software / Humanware Interaction
WP6 is particularly keen to explore new ways of using models in participatory action
research proposed in Annexe 1. Some of this work has already been described in other WP
reports. Here we describe some highlights:
The Duurzen-Dalfsen Exercise took place on September 22, 2015 from 17:30 – 21:30at
Gemeentehuis Dalfsen. Those present from COMPLEX were: Cheryl de Boer, Johannes
Flacke, Tatiana Filotova, Alexey Voinov, Meron Belay and Melanie Gils.
The workshop attracted 20 stakeholders from local council, citizenry, business and NGO
sector.
The municipality of Dalfsen has ambitious CO2 Neutrality goals. They have policy documents
that strive to achieve this state by 2025. These plans include a variety of energy savings and
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renewable energy production activities. In order to support Dalfsen in achieving this and to
improve WP3’s understanding of the underlying cognitions, motivations and resources
related to the implementation of renewable energy landscape features (RELF), we designed
a Stakeholder workshop around a gaming methodology.
The workshop was provided in collaboration with WP5 and their agent based modeling
efforts surrounding household preferences for insulation or solar panels as a means of
reducing energy usage/bills. This first part of the workshop is described in the WP5 report.
Following this, we provided the participants some background from the first scoping report
that was completed based on a number of interviews and document research. This
information covered an overview of the project goals, and an introduction to the different
types of spatial elements related to local implementation of renewable energy.
Following this introduction we began with the game and stakeholders were separated into
two groups and each gathered around an interactive map table. The map table is a large
scale tangible user interface (see figure 1 that contains various layers of relevant spatial
information (e.g. land use, boundaries, plan areas, protected areas, etc.) for the Dalfsen area
and that provides GIS tools for easily adding spatial features such as RELFs. In the case of
Dalfsen we provided land use, wind power zones, already existing RELFs (wind turbines), a
topographic map and an aerial photograph. Stakeholders were given a brief introduction to
working with the maptable and asked to become familiar with the table by locating a few
familiar objects in their own neighbourhoods.

Figure 1. Stakeholders discussing renewable energy placement in Dalfsen.
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Step two was to ask them to begin altering the map by placing RELF into their municipal
area. A number of different options were given for this, each with their own characteristics.
The following options were provided.
-

Full Coverage Urban Solar: 0.15 MW/hectare.

-

OK Coverage Urban Solar: 0.10 MW/hectare.

-

Poor Coverage Urban Solar: 0.05 MW/hectare.

-

Extensive Rural Solar: 0.25 MW/hectare.

-

Wind Turbine: 3.0 MW/hectare.

The stakeholders then had about 30 minutes to discuss how much and where to place the
various forms of energy. The target is to implement 60 MW of solar energy and 20 MW of
wind. 10 MW of wind have already been included in the map to represent the current
capacity available. During this time they are encouraged to communicate about why they
prefer to place certain types of energy in certain places and the various issues related to
doing so. They are also encouraged to include and make use of local knowledge related to
social,

economic

and

geographic

variables.

Figure

1.0

shows

the

type

of

information/calculations that were provided based on their choices.

Figure 2. Screenshot of Spatial Energy Game

Following this session, both groups come together to discuss their experiences and their
overall impressions of the game.
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In the second stage of the game, we enable two others forms of RELF which represents a
change in the current policy – Intensive Solar Farms and collective farm-roof installations.
-

Intensive Solar Farm: 0.5 MW/hectare.

-

Collective Farm Roof: 0.025 MW/roof.

Intensive Solar Farms enable more capacity to produce in the rural area while taking up less
overall space. It is however explained that it is often experienced that this type of feature
has a more intrusive impact on the rural experience where it is encountered. Also, currently
larger farm roof installations do not occur due to cost inhibitions. If policy were to change to
enable collective efforts for placing solar panels on roofs, this could be an option that has
limited impact on the landscape yet add to the overall CO2 targets of the municipality
through additional opportunities for solar Participants are then returned to the map tables
to reassess their choices and see if they would replace other types of energy with Intensive
Solar.
Following this the two groups are again brought together to discuss their experiences and
the workshop is closed with a drink and snacks.

Results
In general the participants found the game to be very enlightening in terms of the spatial
requirements of renewable energy. They were generally interested in how much energy
could be produced per hectare of land and the percentage of their rural area that this would
cover. They expressed that having goals in terms of CO2 reduction was very hard to grasp.
Energy calculations were more pragmatic, and even more so when they are translated into
cost savings.
No information was given about the land use of wind. This was done on purpose since it is
indirect land use. In future versions of the game, this could be included in different scenarios
where different societal goals could be highlighted.
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Significant results
Like all integrative projects that develop computational models, WP7 must tackle two
profoundly intransigent problems.
The first is that many simulation models have little or no impact at all on the management of
the real-world systems they describe.
The second is that attempts to engage with external stakeholders often degenerate into
centrally led, dissemination actions. Either the scientists talk and present their own ideas
when they should be listening and gathering ideas from others or the information they
gather has no direct bearing on the day-to-day practice of research.
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Integrative projects that overcome these challenges by either using simulation models to reshape policy, or enabling external stakeholders to take possession of, and re-shape he
problem-domain itself are significant and worthwhile. Our work in the Uppsala region
illustrates the approach COMPLEX is exploring:

Influencing Planning in Uppsala Region using the LEAP model (WP4)
The LEAP model used covers all energy use and all greenhouse gas emitting activities and
processes within the municipal borders of Uppsala (Figure 1 & 2). In addition to this, longdistance travel by the inhabitants of Uppsala is included. For energy use, life cycle
greenhouse gas emissions of fuels and electricity have been added to the direct emissions in
Uppsala. Regarding emissions that originate from energy consumption and long distance
travel, consumption based accounting was done, allowing emissions caused by the
inhabitants of the municipality, but occurring elsewhere, to be included in the model. A
production-based approach was used for all other sectors (agriculture and forest land use,
local transport, off-road machinery, industry and energy use in buildings) taking into account
all emissions originating inside the municipal borders. Indirect emissions from production of
goods and services that do not take place inside of the spatial boundaries are, however, not
considered in the model.

Figure1: Overview of inputs and outputs of the Uppsala LEAP model. The time step in the model is 1 yr.

Figure 2: Structure of the Uppsala LEAP model.
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The project group developing the roadmap and the model has included researchers, senior
advisers at the Uppsala municipality, a representative from Vattenfall and a project manager
from the Mälardalen Regional Energy Agency. Throughout the project, many stakeholders
from the UCP have been included in the process of developing scenarios and collecting data.
A number of students’ projects has been performed associated with the roadmap project.
The collaboration that proceeded the roadmap project was actually initiated as an
educational collaboration between the Swedish University of Agricultural Sciences and
Uppsala municipality in 2009. This collaboration may be viewed as an example of the
emerging mission of universities to be co-creators of sustainable development (Trencher,
2014).

Climate impact of using locally produced willow to supply a biomass-fired CHP plant
in Uppsala
Growing short rotation forestry like willow on unused agricultural land is one strategy to
supply a local community with bioenergy. Assessing the climate impact of such strategy need
to consider the variation within one landscape, as soil type and water availability are
important for the willow
To assess the climate impact of locally produced biomass in the studied region, geographical
information of unused arable land is obtained to identify soil properties and transportation
distances for the sites. This information is thereafter used for modelling soil organic carbon
balances with the ICBM model (Introductory carbon balance model), which is a carbon
balance model adapted for agricultural lands (Andrén et al., 2004). All fluxes of the three
major greenhouse gases (carbon dioxide (CO2), nitrous oxide (N2O) and methane (CH4)), as
well as energy use, is calculated for the whole bioenergy system. The impact is assessed by
using life cycle assessment (LCA) methodology, which is a standardised method for assessing
environmental impacts of a product or service during its entire lifetime (ISO, 2006a; ISO,
2006b). The climate impact is assess by using a global temperature change metric, defined as
Absolut global temperature potential (AGTP) by the IPCC (Myhre et al., 2013).
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Fig. F3 Fallow land in Uppsala län.

Crop and field information © Swedish Board of Agriculture (Jordbruksverket); background
map: overview map 1:1 000 000 © Lantmäteriet.

Participatory Action Research in Navarre (2014)
One of the key features of this approach to participatory research is that the conventional
distinction of ‘expert’ from ‘stakeholder’ disappears. Facilitators become one group of
stakeholders among many and every stakeholder becomes an expert, whose ideas and
insights contribute materially to the process. The following pages contain a report (in
Spanish) of an exercise that was part dissemination action, part stakeholder engagement
exercise and part policy development. Conventional distinctions between (say)
dissemination action, policy development and exploitation cannot be maintained in these
situations and neither can the reporting convention of reporting all actions in English. We
have to use the language that is most convenient and comfortable for those with whom we
are working (in this case, Spanish).
This workshop, the second conducted in the Navarre case study region, aimed to advance
the process of participatory model development through the APoLUS model (this workshop
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is labelled “WS2 – Parametrisation” in Figure x, below [alternating analytical-discursive
participatory modelling cycle]. The results are discussed in detail in English in Deliverable 3.4.
The more detailed original report is found below. It can also be consulted on-line at:
https://spcomplex.wordpress.com/talleres/, to insure that all stakeholders were able to
access the relevant information. The detailed interaction between stakeholders and the
APoLUS model that was initiated at this meeting will be a key focus of our efforts at
dissemination and exploitation in period 4.

WS1 - Problem Framing
WS2 - Parameterisation
WS3 – Future scenarios

Figure x: Alternating analytical-discursive participatory modelling cycle for WP3.
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Report on 2nd COMPLEX workshop in Navarre (Translated from Spanish)
The 2nd COMPLEX Workshop in Navarra was held at the Museum of Environmental
Education "San Pedro" (Pamplona) on Thursday 26 June. Five key stakeholders related to the
Renewable Energies (RE) sector, participated. These were from the administration and the
scientific sector. In this 2nd Workshop, the following objectives were addressed:
-

To define, through participatory activities, the basic land use categories to be integrated
in the geographical renewable energy and land use model for Navarre, which is under
development within the framework of the project COMPLEX.

-

To analyse, together with stakeholders, the relationship between those land use
categories and RE infrastructure.

-

To carry out a participatory cartography exercise to locate the land use categories.

-

To analyse the drivers of change related with the process of renewable energy
implementation in the territory.

Welcome and opening session
Verónica Hernández Jiménez, from the Observatory for a Culture of the Territory (OCT),
opened the workshop with an introductory presentation of the objectives and progress of
the project COMPLEX.

Activity 1 - Participatory reclassification of land use categories
Patricia Martínez Alonso (OCT) explained the aims and tasks of the activity. The general
objective was directed to define, together with the stakeholders, the basic land use
categories to be integrated into the land use model to be developed in the project
COMPLEX.
To begin the activity, participants were divided into two groups and a third group was
formed by two members of the COMPLEX project research team.
Each group was given a dossier containing eleven basic land use categories: 1) herbaceous
non-irrigated crops; 2) herbaceous irrigated crops; 3) woody non-irrigated crops; 4) woody
irrigated crops; 5) Mediterranean shrub; 6) pasture/grassland; 7) woodland; 8) unproductive
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land and bedrock outcrops; 9) urban land; 10) infrastructures; and 11) water. Beside each
category, the following questions were provided for participants to consider in their groups
and come to an agreement:
Q1: Do you think that this category ought to be separated out into other, more detailed
categories?
Q2: If yes, which criteria should be used?
Q3: What would be your proposal?
After an internal discussion within the groups (approximately 20 minutes), a designated
spokesperson explained their decisions to everyone else. The categorization made by each
group were written down on a wall chart.
Activity 1:

Much of the information deriving from participants' explanations could be more easily
integrated into other components of the model than as a part of the land use categorization.
Thus, this fact was communicated to participants and the useful ideas were noted. These
ideas included:
-

Taking into account the thickness in the woodland category.

-

Taking into account the accessibility, with an emphasis on the rural road and tracks
network.

-

Taking into account altitude and latitude (topography).

-

For the case of biomass exploitation, considering proximity of urban land to
forest/shrubs areas.
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-

For the case of woody crops, including the waste production as a transversal element.

To exclude the possibility of modification of olives protected by regional legislation.

-

Once this task was completed, the group moved on to discuss the convenience of
aggregation/disaggregation of each of the categories.

-

In the case of "Herbaceous crops", the proposal for disaggregation followed two
different approaches: one based on the potential for such crops to be used for
biomass/biofuel production, and another one based on the current use of crops. After
discussions, it was decided not to differentiate it, considering that it was extremely
difficult to discern the purpose of the crops from available data, so it was not possible to
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integrate it into the model. However, it was made clear that the proposed differentiation
was considered to be highly significant.
-

In the case of "Herbaceous irrigated crops", groups 1 and 2 proposed that these should
be separated into a) Traditional irrigated crops - allotments/market gardens and b)
Newer herbaceous irrigated crops, which corresponded to the rest of irrigated land.

-

In the case of "Non-irrigated or irrigated woody crops", it was decided not to
disaggregate them.

-

The rest of categories were also decided not to be disaggregated, except for the category
"Urban land", which was subdivided into three subcategories: "Industrial areas", " Urban
green areas" and "Residential areas".

The agreed categories are listed in the following table:

Once the participants accorded the basic land use categories, they were invited to discuss on
their relationships with RE (wind, solar and biomass). Within the framework of COMPLEX
project, two types of relation between RE installations and land use were considered:
Combination of uses, in which the new use for energy production is incorporated to the
existing use (e.g. installation of solar panels on rooftops in urban residential areas. That
situation combines residential use and power generation).
Substitution of the existing land use by the new energy related use (e.g. a solar array
installed on agricultural land in which the previous use for food production is entirely
replaced by the new use for energy production).
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For that, three wall charts were prepared, one for each energy type. Each chart had four
columns: on the left, the agreed list of categories; to the right, three columns to reflect,
compatibility, substitution, or either of the two (that is in the case that an energy use could
either combine with or substitute a particular land use, depending on the particular case).
Each group completed each of the three charts using a different coloured pen (green or red).
The participants were asked to mark with an "x" those relationships they thought were
currently found in Navarre, and with a "heart" symbol (♥) those they considered were not
currently found, but which it would be desirable to see. One group decided to include a
“prohibited” symbol (Θ) to reflect those relationships which ought to be avoided in future
even if they are not currently known to occur.
With respect to the biomass wall chart, one group decided to distinguish between the land
use which provided the natural resource and the land use where the biomass would be
processed, for example for the case of the plant in Sangüesa.
The following tables show the final results:
SOLAR ENERGY
Agreed Land Uses

Combines
with:

Substitutes:

1. Herbaceous non-irrigated
crops

xx

2. Pastures

xx

3. Allotments/Market

Θ

Either is
possible

gardens and traditional
crops
4. Other herbaceous
irrigated crops

Θ

5. Woody non-irrigated
crops

xx

6. Woody irrigated crops
7. Mediterranean shrub
8. Natural grasslands
9. Unproductive land and
bedrock outcrops

Θ
x ♥
x

x
x

xx

10. Forest land
11. Industrial areas

Not possible
x ♥♥

12. Urban green areas
13. Residential areas

x ♥

Θ
x ♥♥

14. Infrastructures

Not possible

15. Water

Not possible
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WIND ENERGY
Agreed Land Uses

Combines with:
x ♥

1. Herbaceous non-irrigated crops

Substitutes:
x

Either is possible
Not possible currently

2. Pastures
3. Allotments/Market

x small wind

gardens and traditional crops
4. Other herbaceous irrigated crops

Θ

5. Woody non-irrigated crops

♥

6. Woody irrigated crops

♥

7. Mediterranean shrub

x

8. Natural grasslands

♥

9. Unproductive land and bedrock outcrops

x?♥

x

10. Forest land

x?♥

x

11. Industrial areas

x?♥

12. Urban green areas
13. Residential areas

x small wind

14. Infrastructures
15. Water

The question mark means that one of the groups had doubts regarding the possibility of
implementing RE in combination with other land uses, depending on the type of
infrastructure.
BIOMASS
Agreed Land Uses

Combines with:

1. Herbaceous non-irrigated crops

x x rec

2. Pastures

x x rec

3. Allotments/Market

x x rec

Substitutes:

Either is possible

gardens and traditional crops
4. Herbaceous irrigated crops

x x rec

5. Woody non-irrigated crops

x x rec

6. Woody irrigated crops

X x rec

7. Mediterranean shrub

x (Not possible yet)

8. Natural grasslands

x (Not possible yet)

9. Unproductive land and bedrock outcrops
10. Forest land

x
Not possible x

x x rec ♥

11. Industrial areas

x infra

12. Urban green areas

x x rec

13. Residential areas

x infra

Not possible

14. Infrastructures

Not possible

15. Water

Not possible
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Activity 2 -Participatory cartography for the main land use categories in Navarre

The aim of Activity 2 was to locate, through a participatory cartography exercise, the
previously accorded land use categories also considering, as far as possible, those areas of
Navarre in which such substitutions by RE or combinations with RE are likely to occur.
To do this, seven A0 land use maps were provided, each map showing one of the agricultural
counties of Navarre (the historic areas of production relevant to agriculture, but with no
other modern administrative role). Participants were given three blocks of differently
coloured “post-it” notes. Each colour represented a different renewable energy type: yellow
for solar energy, orange for biomass and green for wind energy. The participants, forming
the same groups, circulated freely amongst the maps discussing the issues and localizing the
“post-it” notes in those areas where they knew renewable energy infrastructures were
located. On each note participants wrote information about the land use and the
relationship with the renewable energy type
(combination,

substitution

or

either).

Participants also placed “post-it” notes where
they considered that RE infrastructures ought
to be developed, indicating this with a "heart"
symbol.
By combining the 7 county maps containing the
information provided by participants, an initial
participatory map of land use and renewable energy was created for Navarre. This map did
not aim to be precise or definitive, but rather a preliminary attempt to collect and express in
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a spatial format stakeholder knowledge and perception about the relationship between RE
and territory in the region of study.
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Activity 3 - Role-playing game for the participatory analysis of land change
dynamics and main drivers of change related to RE development
The aim of this activity was to reproduce, in a simple way, some of the possible paths in
which the highly complex interaction between land uses and RE implementation process
might proceed in Navarre. The general objective was to better understand the ideas,
interests and arguments of the different actors involved in the decision making process for
land use demand.
The activity started with a brief explanation of the objectives and the operative by Verónica
Hernández Jiménez (OCT). The role-playing exercise attempted to recreate a negotiating
process between key stakeholders involved in RE implementation in the territory. Two
situations related to this implementation process were used to define the game context
around which the role-playing would be oriented. These situations emerged as key issues in
the previous Workshop 1, where the main conflicts and challenges for the future were
identified.
First, each participant were allocated a role, established as a result of the participatory
sociogram exercise of the Workshop 1. Each role had to be played as realistically as possible
in the recreated process of negotiation, accordingly to positions and arguments that each
participant considered relevant and appropriate. At the end of discussions, each participant
was required to publicly explain their role and the position they had adopted in order to
represent it as faithfully as possible.
The activity was recorded for further discourse analysis. The materials used in the roleplaying exercise consisted of a Timeline with some milestones related to territory and a
number of picture cards depicting the key roles in the RE implementation process.
The roles identified in the previous participatory sociogram activity were 1) regional
government; 2) local government; 3) land owners; 4) environmentalists' groups; 5) large
electricity companies; 6) the national electricity grid operator; 7) wind, solar and biomass
sector Small/Medium Enterprises (SMEs), 7) consultants; 8) local community groups; 9) civil
society; 10) energy production and distribution cooperatives; 11) scientists and researchers
and 12) the media. However, as there were not as many participants as different roles,
some of them were played jointly as follows:
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-

Energy production and distribution cooperatives

-

Land owners

-

Wind, solar and biomass SMEs + Consultants

-

Environmentalists' groups + Civil society + local community groups

-

Large electricity companies

-

Local government

The situations presented for discussion and argumentation were selected by the project
team among the most relevant ones associated to the territory and RE (derived from
Workshop 1). These were (highlighted):
-

Perceived “saturation” of the landscape by large scale RE installations

-

No ER facilities has been installed on the north area of Navarre

-

Conflict with ecologists groups because of the environmental impacts

-

The biomass production seems poorly developed, it is hardly known whether or
where it exists

-

Visual/landscape negative impacts

-

ER installations occupy rural land ("rustic land") instead of urban land or land
designated for urban development.

The role-playing simulated a meeting in which participants played their role during
approximately 60 minutes. First, the position and interest of each role was exposed to the
groups and then discussion were generated, in which each role exposed his/her view and
stances facing each of both proposed situations. There were also periods of time when the
participants divided themselves into groups to simulate private meetings between roles in
order to seek agreements. The group dynamic finished with an attempt to resolve the
emerging conflicts, in which the roles exposed their decisions and possible ways of work to
be developed in the future.
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At the end of the activity, each participant also filled a questionnaire focused to explaining of
the characteristics of interests and arguments used by each role and the creative search for
integrative and fair solutions.
Questionnaire:

For further information on the Spanish Study, visit the webpage of the project
COMPLEX_WP3_OCT

on

http://owsgip.itc.utwente.nl/projects/complex/index.php/2-

uncategorised/32-realising-mitigation-strategies
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