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Executive Summary
This report presents a novel decision support methodology for climate change adaptation
decisions, which is tested in demonstration cases with stakeholders. Additionally, guidelines
and experiences from the use of the method are presented.
Through the case-themes ToPDAd has produced several specific assessment tools. Together,
these models provide decision makers with a flexible, new toolset to support their adaptation
policies and business choices. To demonstrate the potential of the toolset to inform decisions,
ToPDAd developed two demonstration cases. The first demonstration case was presented at
the ECCA conference in Copenhagen in May 2015 and the second is presented in the final
workshop of ToPDAd project in Brussels in October 2015. The themes that will be
demonstrated are, first, power sector adaptability in Northern Europe, and secondly, effects of
drought on French electricity supply. Both case-themes are described in this deliverable.
The goal of the demonstration is to 1) demonstrate the developed Strategy Robustness
Visualisation Method (SRVM) and test it, 2) to bring the important climate change adaptation
issues under discussion and support the case theme related decision-making and 3) to
demonstrate the relevance of the modelling results in a simulated real life decision
environment. The demonstration case development started at the beginning of 2014 and the
second demonstration case is to be presented and reported in October 2015. The
demonstration utilises SRVM which combines two decision support methodologies, namely
Multi-Criteria Decision Analysis (MCDA) and Robust Decision-Making (RDM).
By structuring the decision context, defining the adaptation strategies and decision criteria,
and making performance of the alternatives and valuations explicit, the approach gives
participants in the workshops a clear picture of which adaptation strategies are found robust
and important. The approach can be used instead or as a complement to other decision support
approaches such as cost-benefit analysis (CBA).
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Glossary
Baseline

Baseline refers to a future climate and socio-economic condition in year
X (2050 or 2100 in the cases of this deliverable) that is similar to the
current climate and socio-economic conditions.

Case

For various stakeholders these impacts by theme represent ‘cases’ for
them

Case theme

Broader scoped impacts (or even impact clusters) linked to recognized
effects for ToPDAd stakeholder groups (and others). [‘test cases’ in
DOW]

Decision-maker
expert

(DM),

Demonstration case

RCP

We use the terms decision-maker and expert to define specific
stakeholder roles in the adaptation context. Thus, we don’t define who is
who in the context as people may have several roles in adaptation
decision-making.
These are localized concrete examples (i.e. observed & assessed cases)
belonging to one of the case-themes. [‘show cases’, DEMO]. Two
demonstration cases are described in this deliverable.
Representative Concentration Pathways - are four greenhouse gas
concentration trajectories adopted by the IPCC for the Fifth Assessment
Report. The pathways are used for climate modelling and research. The
four pathways represent different developments in global emission
development (leading to such concentrations). The names, RCP2.6,
RCP4.5, RCP6, and RCP8.5 refer to the estimated radiative forcing
levels of each pathway in 2100.

Scenario

Combination of RCP and SSP scenarios complemented by sector
specific features. May also contain numerical information.

Scenario combination

Combination of RCP and SSP scenarios.

SSP

Shared Socio-economic Pathways – socioeconomic baselines developed
to facilitate climate change scenarios in the context of IPCC-AR5 and to
be used in combination with the RCPs in order to run integrated
assessment models to assess climate change impacts in the absence of
explicit adaptation policy.

Stakeholder

“individual or group that has an interest in any decision or activity of an
organization” (ISO 26000 2010), usually ‘stakeholder’ refers to a group
that is affected by the decision.

Theme

selected climate change impacts are identified as ‘themes’ which can
mean a relevant impact type for various parts of Europe and/or various
types of infrastructure
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1 Introduction
The ToPDAd project has developed, among others, seven case themes and further developed
the scenario analysis related to climate change adaptation. The ToPDAd consortium has used
a large amount of modelling work of a combination of different models to develop a basis for
designing and assessing new adaptation strategies. For showcasing the results of the ToPDAd
project, the consortium has developed, for instance, the ToPDAd interactive tool (2015), and
the demonstration cases as presented in this deliverable. In the demonstration, the modelling
results are complemented with expert judgment of stakeholders on decision criteria to create a
more realistic decision situation.
The goal of the demonstration is to 1) demonstrate the novel decision support method and test
it, 2) to bring the important climate change adaptation issues under discussion and support the
case theme related decision-making and 3) to demonstrate the relevance of modelling results
in a simulated real life decision environment.
In this deliverable, we present a method for assessing adaptation strategies called Strategy
Robustness Visualisation Method (SRVM), describe the process of developing the
demonstration cases, and present the results of the cases. The demonstration case
development started at the beginning of 2014 and the second demonstration case is to be
presented and reported in October 2015. The demonstration utilises the SRVM which
combines two decision support methodologies, namely Multi-Criteria Decision Analysis
(MCDA) and Robust Decision-Making (RDM).
The demonstrations show decision-makers how adaptation decisions can be supported by the
novel decision support approach. By structuring the decision context, defining the adaptation
strategies and decision criteria, and making performance of the alternatives explicit, the
approach gives participants in the workshops a clear picture of which adaptation strategies are
robust against an uncertain future climate and important or relevant.
The deliverable is based on sectoral and macro-level assessment tasks in WP2 and WP3, and
takes into account climate hazard, sociotechnical and economic scenarios, data and models.
The case themes referred in this deliverable are more thoroughly presented in the interactive
tool (2015) and deliverables D2.3 (2014) and D2.4 (2015). The scenario combinations are
described in more detail in deliverable D2.1 (2014). The visualisation of demonstration
results, its integration with the visualisation of the output of the modelling results for the
corresponding ToPDAd case studies and the overall ToPDAd approach will be presented in
deliverable D5.2 and D5.3 respectively.
In this deliverable, we first introduce four methodologies for supporting the adaptation
strategy assessment and decision-making. Based on the existing methodologies we present a
novel method for supporting the adaptation strategy assessment and decision-making, i.e. the
SRVM. Next, the process, tools and the most important terminology related to the method are
introduced.
In chapters 3 and 4, the method is applied to two demonstration cases. The first case, “power
sector adaptability in Northern Europe” was demonstrated at the ECCA2015 conference in
May 2015 in Copenhagen, however, the demonstration case has been developed from August
2014. The other demonstration case, “effects of drought on French electricity supply” is
Page 7 of 50
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presented in the final workshop of ToPDAd project in Brussels in October 2015. The current
status of the second case is presented in this deliverable. In the last chapters, the feedback of
the demonstration workshop in ECCA2015, discussion and conclusions are presented.

2 Developing a decision support method for climate
change adaptation decision-making
2.1 Uncertainty, robustness, adaptive management and flexibility
The central terms related to the climate change adaptation and other long-term decisions are
discussed in this chapter.
Uncertainty:
Uncertainty is an expression of the relative confidence in all competing estimates of some
quantity (such as the carbon emissions consistent with some change in global mean
temperature), as well as any qualitative argument stemming from the epistemic status of the
underlying science. Uncertainty characterizes the relative judgments of confidence between
all possible estimates of the risk. It is characterized by statements such as ‘the increase in
mean global temperature in 2060 is uncertain, but there is 90% confidence that it lies between
2 and 4 °C; 5% confidence that it lies below 2 °C; and 5% confidence that it lies above 4 °C.’
Uncertainty can arise from different components of the process of estimating risks and
impacts in general:
From an incomplete or not fully reliable state of the existing science (epistemic status)
From multiple models that can be derived from that science (model uncertainty)
From multiple parameters values that are available for use in any specific model
(parameter uncertainty)
From lack of understanding of how specific adaptation actions affect the parameters in
a model and hence the outcome of a decision (volitional uncertainty)
Robustness:
Robust strategies perform well across different situations (scenarios) and under a wide range
of potential values of deeply uncertain factors (Styczynski et al. 2014, Kasprzyk et al. 2013).
In other words, they are strategies that are relatively “insensitive to uncertainties known at the
time” (Dessai and Hulme 2007). The benefits of robust solutions that are resilient under
different scenarios are highlighted especially for long-term investments (Berkhout et al.
2013).
Adaptive management:
Adaptive management is a systematic process for improving management policies and
practices by learning from the outcomes of management strategies that have already been
implemented (Pahl-Wostl et al, 2007). Adaptive management can proceed as either passive
adaptive management or active adaptive management, depending on how learning takes place.
Passive adaptive management values learning only insofar as it improves decision outcomes
(i.e. passively). In contrast, active adaptive management explicitly incorporates learning as
Page 8 of 50
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part of the objectives, and hence, decisions which improve learning are valued over those
which do not (Holling 1978; Walters 1986). In both cases, as new knowledge is gained,
knowledge (including models) is updated and management strategies are updated accordingly.
In practice, adaptive management is very much about coordination of efforts between people
working under a certain governance structure. Thus, adaptive management is not top-down
management, as learning happens between decision levels and on the same level between
sectors, organisations. An example is the Flood Directive that requires Member States to
conduct flood risk assessment and implement protection measures if deemed necessary. This
process requires stakeholder engagement and coordination between governmental and
regional authorities, as well as key entrepreneurs (e.g. Public-Private Partnerships).
Flexibility:
For adaptive management flexibility is a key feature of any strategy adopted. Flexibility can
be defined as “ability to change in response to altered circumstances” and it is a key indicator
of the effectiveness of adaptation together with robustness (Adger et al. 2005). Flexibility can
be maintained in several ways:
Streamlining of solutions: link adaptation with other projects in order to minimize
implementation and transaction costs
Low-regret decisions: find adaptation solutions that can be justified for a broad range
of scenarios
Real-options: make solutions switchable, scalable, thus avoiding rigid one-time
investments that produce ‘lock in’ (Triantis 2003)
Defer: Wait for better information and assessments, or opportunities not foreseen right
now (Triantis 2003)
It has to be noted that the identification of flexibility requires decision-makers’ close
collaboration with stakeholders and across sector boundaries.

2.2 Strategy Robustness Visualisation Method
2.2.1 Methodologies to support climate change adaptation decisions
Important public decisions are often controversial because they require difficult trade-offs
between objectives originating from different stakeholders (Gregory and Keeney 1994).
Adaptation alternatives are typically characterised by significant uncertainty in both physical
and societal processes, different time profiles for cost and benefit accumulation and a
multitude of transfers of costs and benefits between stakeholders.
In this chapter, four existing methodologies for supporting adaptation decisions are presented.
These methodologies are cost-benefit analysis (CBA), cost-effectiveness analysis (CEA),
robust decision-making (RDM) and multi-criteria decision analysis (MCDA). The advantages
and disadvantages, decision criteria and possible application areas of the methods are
presented in Table 1.

Page 9 of 50

D4.3 –

Demonstration description

Table 1. Summary of different decision-support methodologies to climate change adaptation planning.
Applied from Scrieciu et al. (2014).
Decision
support
methodology

Decision
criterion

Advantages

Disadvantages

Possible application areas

CBA

Maximizing
the monetary
value

Aggregating costs
and benefits into a
single number,
compares and
prioritizes options
based on
monetized
benefits

Monetizing and
aggregating all the costs
and benefits, difficult to
present plural values, does
not take uncertainty into
account (although there are
cases where the
uncertainty is presented)

Well-specified
intervention with tangible
price-centered benefits
and costs

CEA

Minimizing
costs

Intangible
benefits do not
need to be
monetized

Only a single solution
produced, usually does not
take uncertainty into
account

Well-specified
interventions with
important nonmonetary
targets

RDM

Satisfying
objectives and
characterizing
uncertainty
explicitly

Uncertainty and
robustness are
addressed
explicitly

Very demanding
computationally

Interventions with large
uncertainties and long
timeframes using a
scenario approach

MCDA

Balanced
multiple
objectives

Stakeholder
participation,
objective
measurement
integrated with
subjective values

Elicitation of subjective
judgments may be difficult
to realize in practice;
multiple solutions may
make consensus difficult
to achieve; facilitation
needed for comprehensive
stakeholder engagement

Multiple and systemic
interventions involving
plural values embedded
in a process and
participatory-based
approach

CBA methodology compares the marginal costs of mitigation or adaptation policies with the
marginal benefits associated with the climate change effects that are avoided in order to
identify the most economically efficient policy response (Dessler and Parson 2006). It
provides monetary valuations to all impacts that are involved. CBA methodology is suited
especially for decision-making support regarding feasibility of investment projects, where
future financial effects can be identified and predicted. CBA also requires monetary
aggregation and clear-cut price setting. However, regarding climate change related decisionmaking, several nonmarket effects or externalities are difficult to price and do not figure in
the evaluation of costs and benefits. (Scrieciu et al. 2014.) When dealing with climate change,
the complex features such as future time, doubt and irreversibility make the use of CBA
problematic (Verbruggen 2013).
CEA can be used to identify least-cost options to meet a certain target or policy objective.
Because policy intervention cost is the key variable in consideration of options and as it is
subject to finding cost-minimal solutions, CEA does not necessarily require the quantification
of benefits. Identification of a threshold level (target or policy objective) remains a critical
Page 10 of 50
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question in this methodology. (Scrieciu et al. 2014.) Watkiss and Hunt (2012) present a CEA
application to adaptation decision-making. They list a set of possible criteria for several
different sectors such as floods and agriculture.
RDM methods essentially provide an analytical decision-support framework for situations
which are characterized by high uncertainty. RDM seeks to identify the full range of plausible
future states and, on that basis, make decisions that are robust across as wide a range as
possible of those future states. In this approach, a key aspect is the notion of iteration and
repeated analysis with modified assumptions and scenarios. (Scrieciu et al. 2014.) As
mentioned in Table 1, the complexity of the method and need of advanced statistical and
mathematical methods are some of the challenges in RDM.
The idea of MCDA is to present the different decision criteria in a tree structure to support the
decision process. In a multi-criteria decision-making situation, a decision-maker may have
several conflicting objectives when assessing the desirability of decision alternatives. In
MCDA, the benefits and costs are not presented in monetary terms; they are measured on a
value scale reflecting importance of each decision criterion that is used in assessing the
desirability of the options in the view of the decision-maker. (Porthin et al. 2013)
The criteria should reflect which features the decision makers find important in decisionmaking. (Molarius et al. 2008.) MCDA supports decision-makers in structuring the problem,
making the valuations and trade-offs explicit and reducing the number of relevant alternatives
(Porthin et al. 2013). MCDA methods offer systematic frameworks that help synthesize both
subjective and objective information (Salo and Hämäläinen 2010).
Salo and Hämäläinen (2010) present some advantages of the deployment of MCDA system:
Transparency. Relationships between model inputs and decision recommendations can
be readily understood. Supports learning by showing how changes in model inputs are
related to the recommendations
Legitimacy. Process appropriately embedded in its institutional and organizational
context. Lends authority and credibility and facilitates the implementation of decision
recommendations
Audit trail. Availability of a track record of the consecutive steps carried out during
the support process. Permits reflective ex post evaluations of the process and enhances
learning
Learning. Enhanced understanding among group members about each other’s
perspectives and the decision problem. Helps recognize alternatives that are accepted
by group members. Process is found rewarding by group members
MCDA is relatively limited in use in climate change related decision-making when compared
to CBA and CEA methodologies (Scrieciu et al. 2014).
In the 7th framework programme, there are examples of using decision support methodologies
to assess climate change adaptation options such as the MEDIATION and the RESPONSES
projects. The MEDIATION project (2013) presents a framework for choosing a decision
support method for climate change related decisions (Figure 1). Additionally, MEDIATION
(2013) emphasises the use of a diversity of methods to address adaptation strategies that can
lead to novel and complementary insights.
Page 11 of 50
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Figure 1. Example of a decision tree in MEDIATION framework (Mediation 2013).

The RESPONSES project (Berkhout et al. 2013) claims that the use of quantitative
uncertainty analysis methods (including real options analysis, robust decision-making, etc.) is
rarely possible and qualitative insights should be emphasised. Additionally, they claim that
existing mal-adaptations should be focus of adaptation, instead of trying to prepare for the
uncertain future conditions. While the existing mal-adaptations need to be concentrated on,
also the future conditions should be taken into account. Our approach compliments the
weaknesses stated by the RESPONSES project by using expert judgment as a source of
quantitative information. We argue that the method presented in this deliverable is at least a
complimentary decision support method for the decision-makers that are willing to take the
long-term future adaptation into account.

2.2.2 Strategy robustness visualisation method for adaptation decisionmaking
Strategy Robustness Visualisation Method (SRVM) is a combination of Multi-Criteria
Decision Analysis (MCDA) and Robust Decision-Making (RDM) approaches (Figure 2). The
additive value function of MCDA is not utilised in this approach. However, the modelling of
the performance using multiple criteria and the use of expert opinion in scoring come from
MCDA. The RDM has mainly influenced the use of scenarios and assessing the robustness of
strategies.
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Figure 2. SRVM to support complex climate change adaptation related decisions under deep uncertainty.

SRVM consists of seven iterative phases as shown in Figure 2.
Phase 1: During the decision context phase, the decision environment is defined, including
identifying the stakeholders and all the important factors affecting the decisions, selecting and
involving the relevant stakeholders in the process and selecting or refining the basic scenarios
to the level of detail that the effects of the strategies to the system can be assessed. The
stakeholders select a role they represent (i.e. research or governmental decision-maker,
system expert, etc.) which can be used in the analysis to separate the results into the
categories of stakeholders. The selection of stakeholder groups, distribution of stakeholders
and their minimal amount per exercise should be decided case by case.
As in the Robust Decision-Making (RDM) no probabilities are assigned to the scenarios to
high-light the deep uncertainty regarding the future.
Phase 2: Next, the most important decision criteria for the strategies are selected. The
selection process should be done in co-operation with the stakeholders. Also, the scale of each
criterion (for instance, -5 to +5 ordinal scale) is specified in co-operation with the
stakeholders. As will be apparent in the following, the weighting of the decision criteria as in
standard multi-criteria decision analysis (MCDA) process is not required as only criteriaspecific performance assessment (or expert judgements) are needed.
Phase 3: After selecting the decision criteria, the most important adaptation strategies to be
assessed within the decision context are defined. Stakeholders should also be involved in this
phase. The number of decision criteria and strategies should be kept reasonable by, for
instance, voting for the most important criteria and strategies and selecting them for the later
assessment phases.
Phase 4: During this phase, each adaptation strategy is assessed against each of the selected
decision criteria given a scenario combination. The assessment of performance can be based
on model results or stakeholder/expert opinion. The model results can be in the form of
probability distribution functions (pdf’s) related to the output variable. Similarly, expert
opinions can be viewed as a distribution of scores.
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Each decision criterion is represented by a performance metric or scale, referred to as Key
Performance Indicator (KPI) which indicates performance of the system. In the method
described here we are only interested in two outcomes labelled ‘optimistic’ and ‘pessimistic’,
instead of producing outcomes in large numbers as in RDM. In the case we have as model
result a probability distribution function (pdf), we define the pessimistic/optimistic outcome
as the percentiles KPI0.05 and KPI0.95, for instance. Similarly, the variation of expert
opinion is reduced to optimistic/pessimistic outcomes by taking the min/max opinions. One
has to be careful in labelling pessimistic/optimistic congruent with the direction of the scale. It
will be apparent in the following that the use of the full pdf’s will not be compatible with the
visualization technique introduced – only min-max values are utilized. However, average
performance levels can be used to guide a refinement of the assessment when large deviations
from the average occur.
Based on current experience, the following ordinal scale can be used as a standard scale in
many cases: a scale of -5 to +5, where -5 means the adaptation strategy deviates significantly
to the worse with respect to the reference, and +5 means it deviates significantly to the better.
The reference is the chosen baseline which is zero (0).
Group decision support systems (GDSS) can be used to support the first four phases of the
method but especially this phase.
Phase 5: The visualization of the multi-criteria performance of a strategy, with uncertainty
ranges included, is based on radar plots. The performance is depicted with radar plots with as
many arms as the number of criteria. The performance of a strategy is shown under all the
scenario combinations studied in one plot. The uncertainty is shown by plotting two similarcolour lines; one that links the min-values, and the other linking the max-values of the KPIs
under a given scenario (see next section). For each scenario such line pairs are plotted on the
same radar plot, with different colour per scenario. Visually, robustness is shown by several
line-pairs which are close to each other for all scenarios. The ‘closeness’ is a sign of
insensitivity of the strategy to the scenarios; low-regret strategy. Furthermore, the plot can be
used for ranking as well: the higher up on the arms the lines are clustered, the higher is the
performance. This latter feature is not expected to be helpful in practice, as one key decision
criteria is usually the cost of implementing a strategy which typically shows bad performance
of a strategy that otherwise performs well against the other criteria.
Phases 6 and 7: The recommendations to the DMs pertain to the robustness, or nonrobustness (vulnerability) of the strategies. Irrespective of finding a robust strategy, the key
uncertainties should be pointed out. It is expected that expert opinions are very uncertain in
situations where the assessment horizon is long, say 2070, and the performance is only
partially controlled by any of the strategies.
The best remedy to deep uncertainty, as depicted by large visual deviations of performance, is
re-specification of the decision context such that more feasible strategies enter the assessment
adding also flexibility to the initial ones due to synergistic combinations. Such flexibility
would show in model results and expert opinion as higher results and scores, especially in the
min-value, as the hedging potential of the new strategies would be looked at in the search of
robust adaptation strategies.
Stakeholder/expert feedback to the initial results is collected and recommendations to DMs
produced using GDSS.
Page 14 of 50
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As the decision context changes (partly due to the fact that scenarios get updated due to new
information), the strategies need reviewing. Especially the implemented strategies should be
reviewed for checking the need for rescaling, modification, but also if novel adaptation
strategies must be thought of.

2.3 Use of tools during demonstration
Originally, the decision support method should have included a MCDA tool called WebHIPRE (e.g. Mustajoki et al. 2004). Since the novel SRVM decision support method was
developed, it was decided that a new supporting tool is needed to visualise the results and help
the analysis. The first version of the tool is constructed on an excel basis, but at least some of
the functionalities are integrated into the ToPDAd interactive tool (2015). However, the
functionality of the GDSS tool (MeetingSphere 2015) used for the demonstration is the same
as was originally intended (see Section 2.3.1).

2.3.1 Programme to support participatory decisions
Some phases of the SRVM can be supported by group decision support systems (GDSS).
GDSS is interactive software that supports decision-making by a group of participants such as
stakeholders. The software was developed to support both individual and group interaction
while promoting transparency in the argumentation based on scientific results and other
factors. Anonymity can be ensured in order to dissenting opinions to surface and challenge the
mainstream opinions, thus avoiding groupthink. GDSSs exist that support both distributed and
asynchronous collaboration for individual experts to be able to participate in collecting
background knowledge, comments and arguments, as well as ranking of adaptation options
based on the value scorings described previously. Due to differences between individual (or
value homogeneous groups) risk attitudes, perceived impact or risk assessment uncertainties
will lead to different preferences across adaptation measures and scenarios. Thus, the
possibility of finding consensus, or even compromise, solutions may be minimal in a decision
context with several stakeholder groups.
In this project, a GDSS programme called MeetingSphere (2015) is used in the elicitation of
the performance and values from the stakeholders within the seven phases of Figure 1. It
enables a facilitated and interactive brainstorming session. The software enables the
participants to anonymously type their own answers (concerning the scores for a given
criterion assigned to a given adaptation strategy and scenario) and comment and process the
thoughts of other participants at the same time by viewing the summary of results from across
participants. All inputs are documented in the system. In addition, the software enables the
participants to rate results by numerical scale, rank order or multiple selection.
GDSS methodology has been applied to various research settings in, for example, industry,
logistics, natural hazards, and the maritime field (Rosqvist 2003). The strength of a GDSS
approach is in the combination of the different kinds of expertise and viewpoints, which leads
to emergence of new knowledge that cannot be produced by any of the experts alone but
rather emerges from the interaction between participants. Results of the session are also easier
to accept by the target group since all the relevant stakeholders have participated and
contributed to the process. (Porthin and Rosqvist 2009)
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The participants in the GDSS workshop should be carefully selected to cover all relevant
views and expertise in the examined decision problem. In addition, the workshop process
should be tailored to address the case in an appropriate way. This includes workflow planning
and providing clear instructions for each phase in co-operation with the participants. (Porthin
and Rosqvist 2009)
The close involvement of participants is particularly crucial in the first and last phases where
the focus is on problem structuring, elaboration of objectives and the development of decision
recommendations. (Salo and Hämäläinen 2010.) GDSS could be used in the preference
elicitation and feedback stages of MCDA. If the workshop is well-prepared, it is possible to
conduct the stages in a half-day workshop. The results of the GDSS session can be used as an
input to a visualisation tool.
An external facilitator has often an important role in ensuring that the group members’
preferences are properly charted and that each group member has a chance of voicing his or
her opinions, reasons for judgments and concerns. A facilitator also has an important role in
ensuring that (1) methodologies are employed correctly (2) the participants are aware of the
assumptions of the decision model, and (3) the results of the decision model are fully
understood in relation to the inputs. (Salo and Hämäläinen 2010)
Using the programme to support the decision process can be divided into three phases that
cover the 7 phases of Figure 1:
1. Selecting the decision-makers role in the decision process
2. Rating the performance of the strategies regarding the decision criteria
3. Finding out the preliminary results and transferring them for further analysis
An example of the roles that the stakeholder may select within the GDSS and the interface of
the selection in the MeetingSphere programme is presented in Figure 3. The role of decisionmaker can be utilised in the analysis of results, since the role may affect the valuations
provided. However, in our examples, the roles are not utilised in the analysis as it was not
seen crucial for the demonstration analysis and preserves the anonymity of the respondents.
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Figure 3. An example of the roles of stakeholders (Screen shot from MeetingSphere 2015).

The interface for the rating of adaptation strategies is presented in Figure 4.

Figure 4. Interface and the instructions for demonstration participants. Case theme 5 demonstration as an
example. The performance scale is here from -5 to +5. (Screen shot from MeetingSphere 2015).

On the top there are general guidelines to the rating activity: “Rate the following adaptation
strategies in 2050 according to their performance regarding the decision criteria and
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scenarios”. Under the general guidelines, there is a specific question for all the decision
criteria in low and high climate change scenarios, such as “In a low climate change scenario,
how do you estimate the development of costs of extreme events 2015-2050 in comparison to
the baseline?”
The scale of analysis is from -5 to 5, where -5 represents the most negative development and
5 the most positive development. The value scale is developed in co-operation with the
researchers and the stakeholders and is the same for all the stakeholder participants. When
discussing the costs of the adaptation strategy, an increase of costs is considered negative and
a decrease is positive, whereas in terms of security margin, the increase is considered positive
and a decrease is considered negative. 0 represents no change compared with the baseline. On
the left side, the adaptation strategies and the “no planned adaptation strategy” are presented.
Experience with application of the methodology indicates that it is very important to ensure
stakeholders understand the scoring system for each separate criterion, or there is danger they
will interpret the ‘sign’ of the score incorrectly.
In the demonstration of case theme 5, criteria “Significance for energy industry” and
“Significance for security of supply” are different from the other criteria as they are pure
valuations in comparison with the decision criteria (Figure 5). Compared with the other
decision criteria the scale of these criteria is different (for instance, -5 indicates a significant
negative impact instead of a decrease or increase of performance presented in percentage
values).

Figure 5. Valuation based decision criteria (Screen shot from MeetingSphere 2015).

Results for each question can be visualised as a distribution, average result or standard
deviation as seen in Figure 6. Also average results by adaptation strategy can be shown.
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Figure 6. An example of the visualisation of the results as a distribution (Screen shot from MeetingSphere
2015).

However, for identifying the most robust adaptation strategies, we are interested in the minmax values i.e. the lowest and highest values given by the stakeholders to all the strategies in
both of the scenarios for all the decision criteria. The results can be exported from the
MeetingSphere in, for instance, excel format.

2.3.2 Visualisation of the results
In this demonstration, the further analysis and visualisation of the results is made in an excel
based tool. In this example, the results from MeetingSphere are combined with the modelling
results from VTT-TIMES and Balmorel, and visualised in spider plot format (Figure 7 and
Figure 8). As a clarification, the modelling produces the performance of the decision criterion
‘electricity system cost’, whereas the performance of all the other criteria is produced by the
stakeholders.
Similarly, also the minimum and maximum values (across the individuals participating) and
the averages and the standard deviation can be presented using a spider plot approach.
Although the methodology presented mainly works with min-max values, there may be
situations where also average results could be plotted. However, from the methodological
point of view the average results are not the key for robustness. The scenario of low climate
change effects is represented by the blue colour and the scenario of high climate change
effects by the red colour. The solid line represents the minimum results given by the
stakeholders or modelling and the dotted lines the maximum results.
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Figure 7. Examples of the spider plot visualisation using average results in case theme 5 demonstration.

Figure 8. Example of the spider plot visualisation using min-max results in case theme 5 demonstration.
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3 Demonstration Case 5: Power Sector Adaptability
in Northern Europe
3.1 Preparatory phase
Decision context:
The case theme 5 is more thoroughly described in ToPDAd deliverables D2.3 and D2.4. This
deliverable concentrates on the information that is relevant for the demonstration exercise.
Informal and semi-structured interviews, and workshops were used to determine the decision
context for the case study. However, even though the decision context was considered
important by the stakeholders the decision situation was not a real decision situation and the
goal of the workshops was mainly to demonstrate the functionality of the method. Figure 9
presents the role of stakeholders and researchers in different phases of the decision-support
method.

Figure 9. The stakeholder involvement in the case theme 5 demonstration.

The SRVM was tested in a case study related to climate change adaptation in the renewable
energy sector. The case study deals with how climate change can affect the variable
renewable electricity production and electricity demand in the countries surrounding the
Baltic Sea (minus Russia) up to 2050, and how the possibly increasing temporal imbalances
could be corrected through adaptation strategies. The adaptation strategies were assessed
using several decision criteria. The geographical area that is covered in the demonstration
case 5 is presented in Figure 10.
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Figure 10. Geographical distribution of the Balmorel model (ToPDAd deliverable D2.4, 2015).

Candidate stakeholders were identified by the researchers and already involved stakeholders.
Stakeholders involved in different stages include a governmental decision-maker, an energy
industry representative, energy company representatives, electricity network specialists and
researchers from different related areas. The stakeholders played an important role in
determining the decision criteria and strategies and giving performance values for the decision
criteria. Stakeholders also participated in selecting the relevant scenario combinations. The
described scenarios are future conditions under which the strategies perform differently
regarding several criteria that are considered important by stakeholders. The range of
available scenario combinations is presented more thoroughly in ToPDAd deliverable 2.1.
For the case, two RCP-SSP combinations and a baseline to which the scenario combinations
are compared are selected. The numerical values for the estimated electricity generation,
electricity production mix and the CO2 emissions are received from the Balmorel and VTTTIMES modelling.
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Table 2. Scenario combinations in case theme 5 demonstration.

Scenarios

Definition

Baseline (no
climate
change
effects)

Baseline refers to a future climate and socio-economic condition in 2050 that
is basically similar to the current climate and socio-economic conditions.
Baseline describes the consequences of GDP trends and demographic trends
for the energy sector.
Baseline does not include climate change impacts and does not match any
expected climate development. It is used to distinguish the impact of climate
change and general socio-economic development from specific impacts due to
changes in the future energy system. Estimated electricity generation costs for
the year 2050 are 73.7 B€ for the Northern Europe (yearly, without costs of
extreme events).

Low
climate
change
(RCP2.6+S
SP1)

The low climate change scenario is a sustainability oriented, open and cooperative world with low adaptation needs. Assumptions:
Global GHG emissions peak during 2010s and decline substantially
thereafter.
Inequality both between countries and within economies is decreased
as low-income areas develop rapidly. Technological development is
also rapid.
Economies are globalized and open with strict environmental
protection policies implemented.
Energy sector effects:
Yearly electricity demand is 1613 TWh (Northern Europe)
Moderate to small climate effects. Scenario assumes worldwide cooperation (for instance, Russia belongs into the co-operation network)
securing the electricity supply connections.
Energy and resource efficiency are emphasised leading to lower
overall energy demand.
Share of renewable energy production increases considerably from the
current levels. In Northern Europe, the share of wind and solar power
from electricity generation is 64%.
Policies to limit CO2 emissions have led to a strict cap on CO2
emissions in the Northern Europe (CO2 emission limit is 141 MT per
year)
Estimated electricity generation costs for the year 2050 are 78.3 B€ for
the Northern Europe (without costs of extreme events).
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High
climate
change
(RCP8.5+S
SP5)

Growth oriented world with low regulation. High adaptation needs compared
to the baseline. Global GHG emissions continue to rise throughout the 21st
century. Assumptions:
The world has chosen conventional fossil-fuel dominated development
due to pressures from social and economic problems.
This maintains faster economic growth across the world and helps to
create resources for adapting to the climate change impacts, but does
not lead to ambitious mitigation targets.
Energy sector effects:
Yearly electricity demand is 1936 TWh (Northern Europe)
Compared to the low climate scenario, the high climate change
scenarios is an extension of business-as-usual leading to stronger
climate impacts.
Centralised, mostly fossil based electricity production stays as the most
important production form globally.
Also other electricity generation forms are important especially in
regions where they have become competitive or where there are strong
supporting policy measures. This includes wind power in Northern
Europe.
Consequently CO2 emissions in Northern Europe decrease
considerably from today’s levels by 2050 and are only 44% higher
than in the low climate change scenario. (CO2 emission limit is 215
MT per year)
Estimated electricity generation costs for the year 2050 are 97.4 B€ for
the Northern Europe (without costs of extreme events).

Decision criteria:
The decision criteria were co-developed by researchers and stakeholders. The following
criteria were thought the most important:
Electricity production cost. The whole cost of the electricity production from the
perspective of society for a period of time (fuels, investments, operating and
maintenance, NOT including social cost of released carbon). This is summarised as
levelised cost of electricity (LCOE).
Fluctuation in electricity price. Fluctuation of total demand or supply side in the
year 2050.
Costs of extreme events. Societal/system cost of extreme events yearly in year 2050.
Loss of capacity. Resilience of the system/society to short-term shocks affects
performance with respect to this criterion.
Security of electricity supply. Security of electricity supply. Level of capacity margin
in the electricity system.
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Value for energy industries. How the adaptation strategy supports the energy
industries
Value for security of supply. How the adaptation strategy supports the security of
supply
Decision criteria, their source of information and the performance scales for each criterion are
presented in Table 3. The basic idea of the decision criteria is to evaluate the deviations of the
performance of the decision criteria from the baseline (BaU) scenario (deviation % from the
level of BaU). However, the “Value for electricity industries” and the “Value for security of
supply” criteria are independent from the baseline.
In this case, the electricity production cost is based on modelling runs using VTT-TIMES and
Balmorel modelling combination. More in-depth results of the Balmorel and VTT-TIMES are
found in ToPDAd deliverable 2.4. The other decision criteria are based on expert opinion of
the stakeholders. The eleven step scale (-5…5) is chosen to enable a wide variety of
performance values and very differing opinions about the variation of the performance and
valuation. The logic of the scales is that 5 always represents the most positive development
(least costs, best capacity margin, etc.), whereas -5 represents the most negative development
(most costs, worst capacity margin, etc.). 0 represents no change (5…-5 %) from the baseline.
Table 3. Decision criteria, source of information and performance scales.

Decision
criteria

Source of
information

Scale

Electricity
production
cost

Modelling

-5 increase (>50% from baseline)
-3 increase (15…25 % from baseline)
0 no change (5…-5 % from baseline)
3 decrease (-15…-25 % from baseline)
5 decrease (>-50% from baseline)

Fluctuation
in electricity
price

Expert opinion

-5 fluctuation increases (>50% from baseline)
-3 fluctuation increases (15…25 % from baseline)
0 no change (5…-5 % from baseline)
3 fluctuation decreases (-15…-25 % from baseline)
5 fluctuation decreases (>-50% from baseline)

Costs of
extreme
events

Expert opinion

-5 increase (>50% from baseline)
-3 increase (15…25 % from baseline)
0 no change (5…-5 % from baseline)
3 decrease (-15…-25 % from baseline)
5 decrease (>-50% from baseline)
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Security of
electricity
supply

Expert opinion

-5 decrease of capacity margin (>-50% from baseline)
-3 decrease of capacity margin (15…25 % from baseline)
0 no change (5…-5 % from baseline)
3 increase of capacity margin (-15…-25 % from baseline)
5 increase of capacity margin (>50% from baseline)

Value for
energy
industries

Expert opinion

-5 significant negative impacts
-3 some negative impacts
0 no impacts
3 some positive impacts
5 significant positive impacts

Value for
security of
supply

Expert opinion

-5 significant negative impacts
-3 some negative impacts
0 no impacts
3 some positive impacts
5 significant positive impacts

Adaptation strategies:
Three adaptation strategies and a “no planned adaptation” strategy were selected for further
analysis. Also electricity production mix was discussed with the stakeholders, but it was
decided that the production mix is already represented in the scenario combinations and it is
not necessary to include it as a separate adaptation strategy. The adaptation strategies, their
definition and examples of the strategies are presented in Table 4.
Table 4. Adaptation strategies, definition and examples.

Adaptation
strategies

Definition

No planned
adaptation

Effects of climate and socioeconomic change without
planned adaptation in the year
2050

Capacity market

Utilization of capacity markets
that reward new or existing
power generation capacity or
demand response capacity in
order to maintain additional
capacity for climate related
capacity shortages.

Example

Capacity adequacy calculation is
used to set the demand for capacity
in capacity markets. The
calculation is modified to include
additional climate related
uncertainty due to e.g. draughts.
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Electricity storage

Use of different sources for
storing electric energy so that it
can be converted back to
electricity.

Batteries to mitigate possibly
increasing short term variations.
Power-to-gas solutions to mitigate
possibly increasing seasonal
variations.

Cross-border
interconnections

Additional connections to other
electricity markets to buy and
sell electricity. Resilience of the
energy system is improved when
there are more options for
sourcing energy.

A 1000 MW capacity transmission
line to central Europe

The examples presented here are just some technical options that experts might have in their
minds when thinking about the adaptation strategies, but the real adaptation strategies could
also be something else as long as they are agreed upon by the participants of the assessment.
In addition, when considering the strategies two factors should be taken into account:
1) The strategies defined are indicative as they are not described in technical terms, i.e.
capacity- and technology specifications are left open. Hence the strategies are true
‘strategies’ in the sense that implementation issues (including implementation project
timing) are issues that the experts judge purely subjectively.
2) The strategies are not mutually exclusive; i.e. also combinations can be envisaged
where implementation can be sequential, i.e. strategy 1 is implemented first and then
strategy 2, according to the future conditions which will become better known. Thus
when judging the performance of a strategy now, its value is also determined
according to what flexibility it leaves open for future up-/downscaling, modification,
and complementarity with other strategies now identified.
Balmorel and VTT-TIMES modelling results
The results shown in Table 5 are rough estimates of the variance of the development of the
electricity production costs. The complete results are shown in the ToPDAd project
deliverable D2.4 (2015). As the modelling resulted in similar production mixes across all the
scenario combinations, the results for SSP4 can be used.
Table 5. Results of modelling in case theme 5. The results show the largest variations of climate change
effects in the two scenario combinations among the areas depicted in Figure 10.

Scenario combination
RCP2.6 / SSP4
Electricity production minimum
costs compared to the
maximum
baseline

RCP 8.5 / SSP4

7.2 % (-1)

4.7 % (0)

-19.0 % (3)

- 23.4 % (3)
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3.2 Demonstration session
The case theme 5 demonstration was a public workshop at the ECCA2015 conference. Five
participants took part in the demonstration session:
1)
2)
3)
4)

An energy industry representative
A specialist in electricity networks, research
A specialist in energy modelling and climate change, research
Two specialists in climate change and socio-economic scenarios, both
research

In addition, two facilitators and approximately 15 members of the audience took part in the
session. The session agenda was as follows:
Introduction
o Stakeholder presentation about the decision support method and why it is
important
o Introducing the decision support method and the decision context
MeetingSphere phase
o Participants give values to the adaptation strategies taking the decision criteria
and the scenario combinations into account
o presentation of the results
o moving necessary results into excel for spider plot visualisation
Presenting and discussing the results
Feedback
Performance of the adaptation strategies regarding the decision criteria was elicited in the
demonstration workshop in the ECCA conference and by VTT-TIMES and Balmorel
modelling results generated prior to the workshop (chapter 3.1). A program called
MeetingSphere and an excel based tool were used to facilitate the workshop. The interfaces
and functionalities of the programme and tool are presented in chapter 2.2.
Results and uncertainty:
It is important to note that the showed results are only from the five participating
stakeholders. The participating stakeholders and the audience were asked for feedback during
the session and after the session. The feedback of the demonstration is presented in
deliverable D4.2 due to be published in October 2015.
The average results and the distribution of results were presented using the tools provided by
MeetingSphere. The results were transferred to the excel based programme for minimum and
maximum value visualisation through spider plots.
Average results as a whole are presented in Appendix 3. The results show that all the
suggested adaptation strategies are rated higher than the “no planned adaptation” alternative.
To test the robustness of the adaptation strategies, the average results are, however, not
adequate. For assessing the robustness of the strategies, the distribution of the results per
decision criteria and scenario is presented in Appendix 4.
From the distribution of results, the lowest and highest values assigned by the participants and
the minimum and maximum modelling results are taken to further analysis. In this method,
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the robustness is visualised using spider plots. For the visualisation of robustness, minimum
and maximum performance (including the holistic evaluations by the stakeholders/experts) for
both adaptation strategy combinations are used. The adaptation strategies are assessed using
two scenario combinations, low and high climate change effects, as seen in Figure 11, Figure
12, Figure 13 and Figure 14.
As an overall remark about the results, the different scenario combinations seem not to have
that much effect on the results as both the dotted lines and the solid lines are in general close
to each other. However, there is a clear distinction between the minimum and maximum
values given by the participants. For a strategy to be robust, it would need to be insensitive
with respect to all scenarios. Furthermore it would need to be above any possible threshold
line if such is specified.
As the opinions of the stakeholders/experts are between the solid and dotted lines of blue and
red colours, the DM can interpret the result as a performance boundary of the strategy in the
context specified. The more the lines are toward the outer limits of the spider plot, the better
the strategy performs. And furthermore, the more compactly the lines are located, the more
robust is the strategy, i.e. insensitive to scenario.

Figure 11. Visualisation of the minimum and maximum results of the adaptation strategy “Capacity
market”.
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Figure 12. Visualisation of the minimum and maximum results of the adaptation strategy “Electricity
storage”.

Figure 13. Visualisation of the minimum and maximum results of the adaptation strategy “Cross-border
interconnections”.
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Figure 14. Visualisation of the minimum and maximum results of the adaptation strategy “No planned
adaptation”.

Based on the results of the method it can be said that the adaptation strategies assessed
performed better than the “no adaptation” strategy. The “no planned adaptation” strategy
scored less than the adaptation strategies in nearly every decision criteria.

3.3 Discussion and conclusions about case theme 5 demonstration
The case theme 5 demonstration at the ECCA2015 conference in 14 May 2015 can be seen a
successful first public test of the Strategy robustness visualisation method. In general, the
feedback received during the whole process of developing and presenting the method has
been positive. The respondents saw that the method could be useful in complex decision
situations.
However, it is important to note that the showed results are only from the five participating
stakeholders. There were some suggestions to improve the method and the workshop session.
The comments were mostly related to a more active approach to facilitating the workshop and
other option in visualisation of the results. This can be hopefully improved for the second
demonstration in October.
Also some comments were about the used terminology. The robustness should be more
clearly defined. This is addressed already in this deliverable. The participants felt that iterative
performance valuation rounds could be helpful to ascertain that the decision situation and
adaptation strategies are understood. The iterative rounds were not used mainly because of the
limited time (2 hours) reserved for the demonstration session. In an ideal demonstration case,
a whole day would be reserved and, for instance, Delphi method could be used.
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Based on the results the case theme 5 demonstration it can be said that the adaptation
strategies assessed all performed better than the “no planned adaptation” strategy. The
different scenario combinations seem not to have that much effect on the results as both the
dotted lines and the solid lines are in general close to each other. However, there is a clear
distinction between the minimum and maximum values given by the participants.

4 Demonstration Case 7 – Effects of Drought on
French Electricity Supply
4.1 Preparatory phase
Decision context:
The case theme 7a is more thoroughly described in ToPDAd deliverables D2.3 and D2.4. This
deliverable concentrates on the information that is relevant for the demonstration case.
The case considered here is that of the possible reduction in nuclear power output during
periods of extreme drought and heat in France. Since nuclear is a large percentage of the
power supply of France, any reduction in the ability of nuclear facilities to withdraw coolant
water at sufficiently low temperature from rivers will reduce power available to the
production activities of economic sectors. This will require adaptation strategies to be in place
at some point between 2050 and 2100. Significant changes to vulnerability begin under both
RCP 4.5 and 8.5 nearer to 2050 than 2100, so investments in a climate resilient energy system
must be in place soon after 2050 to make those investments robust against climate scenarios.
These adaptation strategies should include waterbasin management so sufficient water is
available for power production during droughts and heatwaves.
The energy system of France is a key part of the economic system; a vibrant economy
depends on a reliable and affordable energy system. Therefore, this case theme examines how
curtailment of the energy system from extreme weather would ‘ripple’ through an economy,
producing indirect economic effects that can in some cases be as large as the direct impacts on
the energy system.
The 2003 and 2006 heatwaves/droughts were considered at the start of the project, and the
direct and indirect damages assessed using an adaptive regional input-output model. We then
examined the projected temperature and rainfall in 2050 and 2100 in France under the
RCP2.6, 4.5 and 8.5 scenarios using projections from the University of East Anglia climate
team (also part of ToPDAd). From this climate information, we estimated the increased
frequency with which droughts/heatwaves at least as deep as those in 2003 and 2006 might
occur, and then estimated the direct and indirect economic losses caused in the decades
surrounding 2050 and 2010. Finally, we looked at a variety of adaptation strategies that could
reduce this economic loss, as described in the tables below.
The key results are:
• Economic losses are on the scale of tens of billions of euros in all three time periods.
• Losses are markedly higher in 2100, approximately doubling above the baseline and 2050
values.
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• Adaptation strategies reduce the losses significantly after 2050, and do so by between 5
billion euros (Strategy 1) and 15 billion euros (strategy 2), suggesting a cost-benefit
calculation would call for adaptation investments on this scale.
These results are amplified for RCP8.5 due to the greater height of summer temperatures
raising water temperatures, and the greater reduction in water flow within the affected rivers
providing coolant water to nuclear facilities. The economic losses under this scenario are
between 200 and 300 million euros per year, with adaptation measures reducing these losses
by 60 billion euros per year or more.
For the case, two adaptation strategies and a baseline of no adaptation strategy against which
to compare results under adaptation are selected.
The results of the case study can be viewed through the lenses of three scenarios of how
carbon emissions will change between today and 2100 (called Representative Concentration
Pathways of RCPs in the IPCC reports) and how socioeconomic conditions will change
(called Shared Socioeconomic Pathways or SPPs in the IPCC reports). Only the RCPs are
considered as separate scenarios in this exercise, since each SSP is associated with a specific
RCP in the case study. The RCPs examined are labelled 2.6, 4.5 and 8.5. Again, the results
under these three climate scenarios are compared against the results with no climate change (a
baseline climate scenario).
Table 6. Scenario combinations in case theme 7a demonstration.

Scenarios

Definition

Baseline (no
climate
change
effects)

Baseline refers to a future climate and socio-economic condition in 2050 or
2100 that is similar to the current climate and socio-economic conditions.
Baseline describes only the consequences of GDP trends and demographic
trends for the energy sector.
Baseline does not include climate change impacts and does not match any
expected pattern of economic development (other than change in GDP). It is
used to distinguish the impact of climate change and general socio-economic
development from specific impacts due to changes in the future energy
system.

Low
climate
change
(RCP2.6+S
SP1)

The low climate change scenarios is a sustainability oriented, open and cooperative world with low adaptation needs. Assumptions:
Global GHG emissions peak during 2010s and decline substantially
thereafter.
Inequality both between countries and within economies is decreased
as low-income areas develop rapidly. Technological development is
also rapid.
Economies are globalized and open with strict environmental
protection policies implemented.
Energy sector effects:
Moderate to small climate effects. Scenario assumes worldwide coPage 33 of 50
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operation securing the electricity supply connections.
Energy and resource efficiency are emphasised leading to lower
overall energy demand.
High
climate
change
(RCP8.5+S
SP5)

Growth oriented world with low regulation. High adaptation needs compared
to the baseline. Global GHG emissions continue to rise throughout the 21st
century. Assumptions:
The world has chosen conventional fossil-fuel dominated development
due to pressures from social and economic problems.
This maintains faster economic growth across the world and helps to
create resources for adapting to the climate change impacts, but does
not lead to ambitious mitigation targets.
Energy sector effects:
Compared to the low climate scenario, the high climate change
scenarios is an extension of business-as-usual leading to stronger
climate impacts.
Centralised, mostly fossil based electricity production stays as the most
important production form globally.
Also other electricity generation forms are important especially in
regions where they have become competitive or where there are strong
supporting policy measures.

Decision criteria
Stakeholders in the October 2015 workshop will be asked to consider the decisions they might
take to reduce this vulnerability of the economy to loss of full nuclear power generation
capacity. For each criterion, we provide a definition, a specification of where the information
needed to judge performance of an adaptation strategy was obtained in the case (from
ToPDAd modelling, other published research or expert opinion), and a scale for making the
necessary judgment. The scale is from -5 (large decrease in performance against that
criterion) to +5 (large increase in performance against that criterion).
Performance
criterion

Definition

Source of
information

Scale

Peak power
loss

Average loss of power
generation capacity in
the entire grid due to
the drought/heatwave
over the first week of
the extreme weather
event
The cumulative gap
(percentage of MWh of

Data from 2003
and 2006 events

-5 decrease (~40% from baseline)
-3 decrease (~10% from baseline)
0 no change (-5…5 % from baseline)
+3 increase (~10% from baseline)
+5 increase (~20% from baseline)

ToPDAd
modelling, but

-5 decrease (~20% from baseline)
-3 decrease (~10% from baseline)
0 no change (-5…5 % from baseline)

Meeting final
demand
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Service to
critical
industries

Power
available for
export

Water
availability for
agricultural
use

demand) between
supply and demand
during the entire
extreme weather event
The cumulative gap
(percentage of MWh of
demand) met for
industries that are
critical for GDP
production
The total amount of
power (MWh) provided
to the export sector of
the economy for sale
elsewhere in the EU
The extent to which
water might be redirected from
agriculture to power
plants in a waterbasin
during the period of the
extreme weather event

with 2003 and
2006 data
providing the
baseline
ToPDAd
modelling, but
with 2003 and
2006 data
providing the
baseline
Expert opinion

Expert opinion

+3 increase (~10% from baseline)
+5 increase (~20% from baseline

-5 decrease (~20% from baseline)
-3 decreases (~10% from baseline)
0 no change
+3 increase (~10% from baseline)
+5 increase (~20% from baseline)

-5 decrease (~40% from baseline)
-3 decrease (~10% from baseline)
0 no change (-5…5 % from baseline)
+3 decrease (~10% from baseline)
+5 decrease (~20% from baseline

-5 decrease of water available for
agriculture (~30% from baseline)
-3 decrease of water available for
agriculture (~10% from baseline)
0 no change (-5…5 % from baseline)
+3 increase of water available for
agriculture (~10% from baseline)
+5 increase of water available for
agriculture (~20% from baseline)

Adaptation strategies
Two primary adaptation strategies are considered in the analysis. Each is designed to reduce
the total economic losses due to curtailment of nuclear power production during extreme
droughts/heatwaves.
Table 7. Adaptation strategies in the case 7 demonstration.

Adaptation
strategies

Definition

No planned
adaptation
(Strategy 0)

Effects of climate and socio-economic
change without planned adaptation in
the year 2100

Example?
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Maintaining
industrial
production and
final demand
(Strategy 1)

Residual power during a period of
power curtailment is allocated to
preferentially to maintain industrial
production and meet final consumer
demand (for power) in France,
accompanied by a reduction in power
available for exports.

Residual power is allocated
preferentially to both the
economic sectors producing
the greatest contribution in
GDP, and to those firms that
might produce bottlenecks in
industrial production even if
they themselves are not
directly
significant
contributors to GDP.

Smart grid
infrastructure
(Strategy 2)

Residual power is allocated to maintain
industrial production, final demand and
exports, with a smart grid and smart
buildings introduced to allow for
reduction of non-essential energy use
during the ‘brown outs’.

The national grid is altered to
include
‘smart
grid’
connections to end users, with
power contracts in place to
allow the grid operator to reallocate reduced residual
power to operations that (1)
cannot be curtailed without
significant loss of service to
end users and (2) are
significant contributors to
GDP.

Modelling results
We provide here a summary of results on overall GDP change in the French economy during
a drought/heatwave that is at least as severe as the 2003 and 2006 events, as generated in
earlier deliverables of ToPDAd. In each result, the numerical value is the total loss of GDP
(2012 euros) accumulated during the period of power curtailment.
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Note in these figures that the values for 2050 are slightly lower than those for the baseline.
This is due to the baseline including two years (2003 and 2006) during the 2000-2010 decade
in which there was significant curtailment, which is unusual.

4.2 Demonstration session
A demonstration session for the case theme 7 is to be organised during the ToPDAd final
meeting in Brussels in 9 October 2015. The results of the demonstration are to be published in
October 2015 and are presented in similar fashion as the results of case theme 5.
MeetingSphere interface for the rating of the adaptation strategies is presented in Figure 15.
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Figure 15. Interface for the rating of adaptation strategies in the demonstration of case theme 7 (Screen
shot from MeetingSphere 2015).

A template of how the distribution of results will be presented is shown in Figure 16; note it is
identical in general form to that used in case theme 5.

Figure 16. Example of distribution of the results in the demonstration of case theme 7 (Screen shot from
MeetingSphere 2015).

5 Discussion and conclusions
We argue that robustness is a key criterion for use in comparing adaptation strategies and
there is a need for methods for assessing it. RESPONSES project (Berkhout et al. 2013)
claims that the use of quantitative uncertainty analysis methods (including real options
analysis, robust decision-making, etc.) is rarely possible and qualitative insights should be
emphasised. Additionally, they claim that existing mal-adaptations should be the focus of
adaptation, instead of trying to prepare for the uncertain future conditions. While the existing
mal-adaptations need to be concentrated on, also the future conditions should be taken into
account. Our approach compliments the weaknesses stated by the RESPONSES project by
using expert judgment as a source of quantitative information. We argue that the method
presented in this deliverable is at least a complimentary decision support method for the
decision-makers that are willing to take the adaptation to the long-term future into account.
Based on the results and the feedback obtained in the demonstration to date, it can be said that
the SRVM could be useful in supporting complex adaptation decisions. The first public test
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session of the method was organised in the ECCA2015 conference in 14 May 2015 and the
results were mainly positive.
However, there were some suggestions to improve the method and the workshop session. The
comments were mostly related to a more active approach to facilitating the workshop and
other option in visualisation of the results. This can be hopefully improved for the second
demonstration in October.
Also some comments were about the used terminology. The robustness should be more
clearly defined. The participants felt that iterative performance valuation rounds could be
helpful to ascertain that the decision situation and adaptation strategies are understood. The
iterative rounds were not used mainly because of the limited time reserved for the
demonstration session. In an ideal demonstration case, a whole day would be reserved and, for
instance, Delphi method could be used.
The SRVM allows the decision-makers to take deep uncertainties into account in climate
change adaptation related decision-making. It emphasises the input of several different
stakeholders and a novel approach to scenario analysis. The selection of stakeholder groups,
distribution of stakeholders and their minimal amount per exercise should be decided case by
case.
In comparison with the basic RDM approach which highlights a large number of scenarios
and typically a small number of decision criteria and adaptation strategies, this approach
enables a larger number of decision criteria and performances of adaptation strategies to be
visualised in a comprehensive way. It also does not require the massive amount of scenarios
and model runs which makes it far more applicable both for large modelling and participatory
exercises. The main assumption of the method is that the optimistic/pessimistic scenarios are
enough to represent the whole range of performance due to the uncertainties involved in the
scenario selection.
Spider plots are a relatively simple way to visualise the robustness of adaptation strategies and
enable the stakeholders to discuss adaptation strategies holistically.
The main results of the demonstration WP4 are so far:
Methodological development for the adaptation decision support - SRVM
Scenario development as a result of stakeholder feedback and modelling results
Testing the method
Demonstration of the modelling results in a decision context
Decision support tools and the use of a combination of tools were tested and found
effective
Potential new results from the planned activities:
Integration to the ToPDAd interactive tool
Additional feedback from the stakeholders
Case theme 7 demonstration results and the subsequent development of the method
Disseminating the results in publications
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The demonstration case process, novel decision support method, some of the results and
functionalities are integrated to the ToPDAd interactive tool. Integration to the ToPDAd
interactive tool (see References) is described in more detail in deliverable D5.3.
The SRVM could be used also in other complex decision situations involving long
timeframes, such as general investment decisions on infrastructure.
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Appendix 1 Demonstration handout for case
theme 5 demonstration (audience)

ToPDAd demonstration
In this demo we will ask stakeholders’ opinions and valuations of three adaptation
strategies in order to reveal which one(s) provide promising low-regret
performance against the two scenarios described below. The baseline scenario is
‘business-as-usual’ and provides the reference point for the judgements.

The described scenarios are future conditions under which the strategies perform
differently regarding several criteria that are considered important by stakeholders.
Scenarios

Definition

Baseline (no climate
change effects)

Baseline refers to a future climate and socio-economic condition in 2050 that is basically similar to the current
climate and socio-economic conditions. Baseline describes the consequences of GDP trends and demographic
trends for the energy sector.

Low climate change
(RCP2.6+SSP1)

Low climate change scenarios is a sustainability oriented, open and co-operative world with low adaptation needs.
Assumptions:
Global GHG emissions peak during 2010s and decline substantially thereafter.
Inequality both between countries and within economies is decreased as low-income areas develop rapidly.
Technological development is also rapid.
Economies are globalized and open with strict environmental protection policies implemented.

High climate change
(RCP8.5+SSP5)

Growth oriented world with low regulation. High adaptation needs compared to the baseline. Global GHG emissions
continue to rise throughout the 21st century. Assumptions:
The world has chosen conventional fossil-fuel dominated development due to pressures from social and
economic problems.
This maintains faster economic growth across the world and helps to create resources for adapting to the
climate change impacts, but does not lead to ambitious mitigation targets.
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In which kind of decision situations do you consider this method
helpful?

In which kind of decision situations would you consider this
method too complex?

Other comments?
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Appendix 2 Demonstration handout for case
theme 5 demonstration (stakeholders)
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1. Low CC, costs of
extreme events

1. Low CC, costs of
extreme events

2. High CC, costs of
extreme events

2. High CC, costs of
extreme events

3. Low CC, security of
electr. supply

3. Low CC, security of
electr. supply

4. High CC, security of
electr. supply

4. High CC, security of
electr. supply

5. Low CC, fluct. of
electricity price

5. Low CC, fluct. of
electricity price

6. High CC, fluctuation
in electricity price

6. High CC, fluctuation
in electricity price

7. Significance for
energy industry

7. Significance for
energy industry

8. Significance for
security of supply

8. Significance for
security of supply

ø

SD

ø

SD

ø

SD

ø

SD

ø

SD

ø

SD

ø

SD

ø

SD
0,4

0,15

0

0,25

0,8

0,15

-1

0,06

-0,6

0,14

-1,4

0,14

0,4

0,19

2,2

0,1
Cross-border interconnections

-0,6

0,1

-0,6

0,19

1,4

0,21

0

0,14

0,8

0,15

-0,4

0,12

2,6

0,08

2,8

0,19
Capacity market

-0,6

0,15

-1

0,26

0

0,11

-1

0,06

0,2

0,07

-0,4

0,1

0,2

0,25

1

0,17
No planned adaptation

-1,2

0,22

-2

0,36

-2

0,11

-3

0,06

-2,2

0,12

-3,4

0,14

-2

0,11

-2,8

0,17

Electricity storage

Average results case theme 5 demonstration.
Appendix 3
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Climate
scenario

Decision
criterion

Appendix 4

Low
CC

Distribution of the results in demonstration case 5.

Adaptation
strategy

Electricity storage

Security of
electricity
supply

Costs of extreme events

Cross-border
interconnections
Capacity market
No planned
adaptation
High
CC

Electricity storage
Cross-border
interconnections
Capacity market
No planned
adaptation

Low
CC

Electricity storage
Cross-border
interconnections
Capacity market
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No planned
adaptation
High
CC

Electricity storage
Cross-border
interconnections
Capacity market
No planned
adaptation

Low
CC

Electricity storage

Fluctuation in electricity price

Cross-border
interconnections
Capacity market
No planned
adaptation
High
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interconnections
Capacity market
No planned
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Significance for
energy industry

Electricity storage
Cross-border
interconnections
Capacity market
No planned
adaptation

Significance for
security of supply
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