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Method Overview

Summary of Methods and Case Study Examples
from the MEDIATION Project

Key Messages
• There is increasing interest in the appraisal of
options, as adaptation moves from theory to
practice. In response, a number of existing
and new decision support tools are being
considered, including approaches that
address uncertainty.
• The FP7 MEDIATION project has undertaken a
detailed review of these tools, and has tested
them in a series of case studies. It has
assessed their applicability for adaptation and
analysed how they consider uncertainty. The
findings have been used to provide
information and guidance for the MEDIATION
Adaptation Platform and are summarised in a
set of policy briefing notes.
• The review has covered a range of traditional
and new decision support methods. It has
considered the existing tools used in policy
appraisal, including cost-benefit analysis,
cost-effectiveness analysis and multi-criteria
analysis, as well as new techniques that more
fully address uncertainty, including real
options analysis, robust decision making,
portfolio analysis, iterative adaptive
management / adaptation turning points, and
the analytic hierarchy process, as well
complementary tools that assist in adaptive
capacity and socio-institutional analysis, such
as social network analysis.

• The review has analysed the strengths and
weakness of these approaches. This provides
important insights into the relevance of the
tools and their potential use for different types
of adaptation problem.
• It has also considered previous applications of
the methods to the adaptation context have
been reviewed, as well as the findings of the
MEDIATION case studies.
• The review work and case studies provide
useful information on the types of adaptation
problem types where these approaches might
be appropriate, as well as data needs,
resource requirements and good practice
lessons.
• Further guidance is given on each of these
techniques in a briefing note, available on the
MEDIATION Adaptation Platform.

Method Overview
Introduction

Adaptation Decision Support

There is increasing policy interest in the appraisal
of options, as adaptation moves from theory to
practice. At the same time, it is recognised that
the appraisal of climate change adaptation
involves a number of major challenges,
particularly the consideration of uncertainty. In
response, a number of existing and new decision
support tools are being considered for
adaptation.

With the increased focus in Europe towards
adaptation implementation, there is a greater
need to consider the approaches and methods
for assessing adaptation. However, policy
analysts, consultants and researchers are
currently confronted with a large number of
concepts, methods, frameworks, guidelines and
toolboxes to choose from.

The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
looking at adaptation decision support tools, in
line with its objectives to advance the analysis of
impacts, vulnerability and adaptation, and to
promote knowledge sharing through the
MEDIATION Adaptation Platform
(http://www.mediation-project.eu/platform/).
To complement the information on the Platform,
a series of Technical Policy Briefing Notes have
been produced on Decision Support Methods for
Climate Change Adaptation.
This note, Policy Briefing Note 1: Method
Overview, provides a summary of the decision
support tools, their potential relevance for
adaptation and guidance on their potential
applicability.
It covers a range of traditional decision support
tools (cost-benefit analysis, cost-effectiveness
analysis and multi-criteria analysis) as well
alternative approaches that more fully capture
uncertainty (real options analysis, robust decision
making, portfolio analysis and iterative risk
(adaptive) management, adaptation turning
points and analytic hierarchy process). It also
includes complementary tools that can assist in
adaptation assessment including social network
analysis.

The MEDIATION Briefing Note on ‘Choosing
Salient Approaches and Methods for Adaptation’
provides an overview for the decision support
structure used in the MEDIATION Adaptation
Platform. This recognises that there are many
types of adaptation challenges and problem
types, and that there is little to no guidance on
which approach is appropriate for each of these
different challenges. In response, MEDIATION
has developed a more precise and specific
language for describing the various challenges
and methods for adaptation, and developed a
diagnostic framework for problem-oriented
adaptation research that matches adaptation
challenges to appropriate approaches and
methods for addressing them, using a series of
decision trees.
The MEDIATION framework identifies five general
stages as high-level entry points for adaptation
research and practice, shown in Figure 1 below.
The approaches and methods salient within each
stage, and the empirical and theoretical criteria for
choosing them are explained on the Adaptation
Platform, and in the overview briefing note.

Additional information on each of the methods,
including case study examples, is included in a
series of separate Policy Briefing Notes (2 – 9).

Figure 1. The Stages of Adaptation and the Entry Point for
Decision Support Tools.
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Stage three relates to the appraisal of adaptation
options. This recognises that faced with a list of
potential options there is a need to determine the
most suitable or best option, noting that this
definition will vary with the objectives of the
adaptation problem type and the particular
application.

option appraisal, summarised below.

As a result, the most common techniques used in
appraisal (and decision support) have limitations
in coping with the uncertainty associated with
climate change (e.g. see Hunt and Watkiss, 2011).
There is therefore a growing consensus that the
appraisal of climate change adaptation should
incorporate uncertainty, and that this requires
extended analysis within existing elements in
existing tools or new decision methods that more
fully capture uncertainty.

At the technical or project level, CEA can be used
to compare and rank alternative options. It does
this by assessing options in terms of the cost per
unit of benefit delivered, e.g. cost per tonne of
pollution abated. This identifies those options
that deliver highest benefit for lowest cost (i.e.
the most cost-effective). At the project, policy or
programme level, where combinations of options
are needed, CEA can be used to assess the most
cost-effective order of options, and identify the
least-cost path for achieving pre-defined policy
targets. This is undertaken through the use of
marginal abatement cost (MAC) curves, which
implement options in order of cost-effectiveness,
adding up the cumulative benefits with each
additional option. This approach can also identify
the largest benefits possible with the available
resources, and can be used to help set targets.

Cost-Benefit Analysis (CBA) is the method of
choice in most Government economic appraisal
or impact assessment. Social cost-benefit
analysis (CBA) values all relevant costs and
benefits to society of all options, and then
estimates a net present value or a benefit:cost
Of course the appraisal of options is a standard
ratio. In this regard, CBA is an absolute measure
part of all policy and project analysis, and there
providing the justification for intervention, though
are existing guidelines and decision support tools it is often difficult to value all the costs and
to help in the prioritisation and ranking of
benefits of a particular project or policy.
options, many of which are focused on economic
assessment, especially as policies or projects
CBA has been used in some adaptation
move towards implementation.
assessment, usually as part of an impact
assessment focused analysis. However, the
However, the appraisal of adaptation options
routine CBA applied in economic appraisal does
involves several methodological challenges (EEA, not fully address many of the complex issues of
2007: OECD, 2008: UNFCCC, 2009). These
adaptation (UNFCCC, 2009). In general, the more
relate to the varied spatial and sector contexts,
unique and less routine the decision-making
as well as the timing of adaptation, which raises
context is, the more difficult the use of CBA will
questions such as how much adaptation is
be, and the technique will be appropriate only for
needed (if any) and when action is most
some adaptation decision-making contexts,
appropriate (UKCIP, 2002).
though it can be combined with many of the new
techniques below.
Adaptation also involves a core methodological
challenge of uncertainty (UNFCCC, 2009;
Cost-Effectiveness Analysis (CEA) is a widely
Hallegatte, 2009). As described in Box 1, future
used decision support tool. It compares
climate outcomes are highly uncertainty, because alternative options for achieving similar outputs
of future alternative socio-economic scenarios,
(or objectives). In this regard it is a relative
but also because of the differences between
measure, providing comparative information
climate model outputs (or simulations) for key
between choices (unlike CBA, which provides an
climate parameters. This uncertainty cascades
absolute measure). It has been widely used in
through to a large range of potential impacts and environmental policy analysis, because it avoids
damage costs, which in turn affect the amount of monetary valuation of benefits, and instead
adaptation that could be needed.
quantifies benefits in physical terms.

Decision Support Tools
There are a number of existing decision support
tools that are widely used in policy and project
appraisal, and which have potential for some
conventional adaptation decisions. Three key
techniques are used in European policy and
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Box 1. Climate Projection Uncertainty
While the appraisal of adaptation involves several difficult aspects, the most challenging is that of
uncertainty (UNFCCC, 2009). There are many uncertainties that influence adaptation options,
including the climate system, future socio-economic change, impacts, and issues that drive
adaptation process such as human and institutional systems, however, the main focus to date has
been on climate change uncertainty, which has two key components.
First, climate models require scenarios of future greenhouse gas emissions over time, which are
generated from future socio-economic scenarios. These involve very wide ranges of future emission
paths, ranging from global stabilisation scenarios consistent with the 2 degree goal, through to high
emission scenarios that would lead to 4 to 5 degrees of global temperature change by 2100. At the
current time, it is not clear which emission scenario is likely, and this affects future temperature,
precipitation and other climate variables, though major differences between scenarios are only likely
to emerge after 2035, when the scenarios start to diverge. Second, there are large variations in
results from different climate models, even for outputs of the same future emission scenarios. This
arises because of structural uncertainty in the models, the level of climate sensitivity (the warming
associated with given emission increases), the exact regional and seasonal changes associated with
certain changes in global temperature, and the difficulty in projecting complex effects such as
precipitation. As a result, different climate models often give very different results even for the same
scenario.
These two effects lead to very wide ranges of plausible changes in temperature and precipitation.
Indeed, for the latter, different simulations can even differ in the sign of change. Examples are shown
in the Figures below. This uncertainty is magnified as subsequent impacts are assessed, leading to
an extremely wide range of possibilities for adaptation.
Figure 2 The range of outputs from 11
regional climate model projections for
Europe from the ENSEMBLES project
(with plots from Christensen et al,
2011), comparing projections for a
single SRES scenario (A1B) for late
century.

A1B 2070-2099 (Minimum)

A1B 2070-2099 (Maximum

The top two figures show the minimum
and maximum temperature projected
from the models. This shows the level
of temperature across Europe varies
enormously between cooler (left, top)
and warmer (right, top) models,
particularly for the warming level in
Southern Europe.
The bottom two figures show the
projections for precipitation, with drier
(left, bottom) and wetter (right, bottom)
models. In this case, even the sign of
change is different in many locations,
with different models indicating
decreases (left) or increases (right) in
precipitation from the UK in the northwest to Romania in the east.

A1B 2070-2099 (Minimum)

A1B 2070-2099 (Maximum

Note: Top: Change in surface air temperature (°C) for summer (JJA) (2070-2099 A1B).
Bottom: Change in summer precipitation (%) for summer (JJA) (2070-2099 for A1B). Source of plots, Christensen et al, 2011.
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Cost-effectiveness analysis has become the
main appraisal technique used for climate
change mitigation, as it allows a comparison and
ranking of alternative options within and across
sectors, using the metric of cost per tonne of
GHG abated (€/tCO2), and there has also been
widespread use of marginal abatement cost
curves for mitigation.
However, the lack of a common metric makes a
similar cross-sectoral approach impossible for
adaptation. Moreover, adaptation is a response
to many different local, regional or national level
impacts, rather than to a single global burden,
and the application of CEA to adaptation is
therefore much more demanding, in terms of
analysis detail and resources.
CEA also focuses analysis on a single metric,
thus omitting a full analysis of all relevant costs
and benefits, which reduces the potential for
cross-sectoral applications. Nonetheless, costeffectiveness is already used in many sectors
that are relevant to adaptation, such as health
(using health impact metrics) and flooding
(looking at acceptable levels of risk), and it has
some potential for appraising options within a
sector, though the approach does not easily lend
itself to the analysis of uncertainty.
Multi-Criteria Analysis (MCA) is a decision
support tool that allows consideration of
quantitative and qualitative data together in
ranking alternative options. The approach
provides a systematic method for assessing and
scoring options against a range of decision
criteria, some of which are expressed in physical
or monetary units, and some which are
qualitative. The various criteria can then be
weighted to provide an overall ranking of options.
MCA has been widely applied in the
environmental domain. It has also been used as
a complementary tool to support cost-benefit
analysis in appraisal, to consider the
performance of options against criteria that may
be difficult to value or involve qualitative aspects.
MCA does have considerable potential for
adaptation. Criteria can be included to consider
uncertainty or various complex elements of good
adaptation, and the approach brings the
flexibility to work with qualitative information,
which is particularly useful given there are often
data gaps. As an example, previous adaptation
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MCAs have considered criteria of robustness,
low/no regret characteristics or flexibility, as well
as co-benefits and synergies with mitigation (van
Ierland et al, 2007). However, the analysis can be
somewhat subjective in nature, especially in
relation to uncertainty, as it tends to work with
individual scenarios, against which options are
assessed. This makes it more difficult to
incorporate the trade-offs over time and to fully
incorporate climate change uncertainty (i.e. how
benefits of different adaptation options vary).

Decision Making Under
Uncertainty
While the three techniques above all have
potential applications for adaptation, they have
relatively low potential for considering
uncertainty. However, there is a growing
recognition of the need to consider this issue in
designing adaptation (e.g. Adger et al. 2006;
Dessai and van der Sluijs 2007; Downing, 2012).
At the same time, there has been a shift in the
mainstream adaptation literature away from a
scenario-based impact assessment framework,
where adaptation is assessed on the basis of a
predict-then-optimise framework, to a greater
focus on adaptation assessment and decision
making under uncertainty (Füssel and Klein,
2006; UNFCCC, 2009; IPCC SREX, 2012).
Definitions of Uncertainty
There are many different definitions of uncertainty.
The IPCC SREX (2012) defines uncertainty as:
An expression of the degree to which a value or
relationship is unknown. Uncertainty can result from
lack of information or from disagreement about what
is known or even knowable. Uncertainty may originate
from many sources, such as quantifiable errors in the
data, ambiguously defined concepts or terminology,
or uncertain projections of human behaviour.
Uncertainty can therefore be represented by
quantitative measures, for example, a range of values
calculated by various models, or by qualitative
statements, for example, reflecting the judgment of a
team of experts.
This broad definition can be compared with stricter
definitions, notably those which seek to separate
uncertainty, where it is impossible to attach
probabilities to outcomes, from risk, where probability
is defined.

Method Overview
As a result there is a growing interest in decision
support techniques that can address different
elements of uncertainty. A brief description of
some of the emerging approaches is presented
below.
Real Option Analysis (ROA) is an economic
decision support tool that quantifies the
investment risk associated with uncertain future
outcomes. The approach derives from the
financial markets, where it has been used to
assess the valuation of financial options and risk
transfer. The same insights are also useful when
there is risk or uncertainty involved with
investment in physical assets, hence ‘real’
options.
The approach can be used to consider the value
of flexibility. This includes the flexibility over the
timing of a capital investment, but also the
flexibility to adjust the investment as it
progresses over time, i.e. allowing a project to
adapt, expand or scale-back in response to
unfolding events or from new information
(learning). The approach can therefore assess
whether it is better to invest now or to wait – or
whether it is better to invest in options that offer
greater flexibility in the future. ROA can also be
used to support initial enabling steps to help
secure projects for future development. The
most common application of the approach uses
decision trees, defining possible outcomes, and
assigning probabilities to these, then using
expected values to compare alternatives.
Real Option Analysis has been widely cited as a
possible decision tool for adaptation, as the
concepts of the approach align closely with
iterative decision making and adaptive
management. It is a powerful decision-support
tool with a number of strengths, most notably
that it provides information in quantitative and
economic terms. However, it is a technical
complex and resource intensive, and requires
probabilistic (or probabilistic-like) information on
outcomes. In practice, the approach is most
relevant for particular types of decisions,
primarily those that involve large up-front
irreversible investments (e.g. coastal protection,
large water storage projects), where there is
flexibility in the timing, and the opportunity for
new information to emerge. The framework is
most likely to be supportive of projects that have
some combination of substantial near-term
benefits, and the ability to scale-up or down in

line with learning regarding potential upside
benefits or downside risks.
Robust Decision Making (RDM) is a decision
support tool that is used in situations of deep
uncertainty, i.e. in the absence of probabilistic
information on scenarios and outcomes. The key
aim of RDM is to seek strategies that are robust
over many future outcomes, i.e. that are ‘good
enough’ and minimize regret. It therefore offers
an alternative to a conventional cost-benefit
analysis and the identification of optimal options
on the basis of economic efficiency.
The formal application of the approach (Lempert
et al, 2003: Groves and Lempert, 2007) uses
quantitative models, or scenario generators, with
data mining algorithms, to evaluate how different
strategies perform under large ensembles of
scenarios reflecting different plausible future
conditions (using hundreds to thousands to
millions of input combinations). The aim is to
help policymakers minimise the negative impacts
of possible future outcomes. Iterative and
interactive techniques are then applied to “stress
test” different strategies to identify potential
vulnerabilities or weaknesses of proposed
approaches.
RDM has many attributes that align with the
concept of adaptive management (Lempert and
Groves, 2010) and the approach has been widely
recommended for adaptation. The approach can
assess robustness using various metrics,
including physical effectiveness or economic
efficiency. It can also be used in an iterative
framework (Lempert, 2010) which aligns it more
closely to the iterative adaptation management
concepts of monitoring, research, evaluation and
learning.
It is a particularly useful tool when future
uncertainties are poorly characterised and
probabilistic information is limited or not
available – a key strength for long-term climate
change related decisions – though the formal
(computer modelling based) application of the
approach has a high demand for quantitative
information and computing power. As a result,
the broad concepts of the approach have also
been applied to the climate domain looking at
climate uncertainty, to help in selecting options
that are robust across a wide-range of plausible
(climate) futures.
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Portfolio Analysis (PA) is a decision support tool
that helps in developing portfolios of options,
rather than single options. It originated in the
context of financial markets to explore the
potential for portfolios of financial assets to
maximise the financial return on investments,
subject to a given level of risk. PA helps in the
design of such portfolios. It aims to spread
investments over a range of asset types to
spread risks at the same time, thereby reducing
the dependence on a single asset.
The approach highlights the trade-off between
the returns on an investment and the riskiness of
that investment, measuring risk by estimating the
variance (standard deviation) of the portfolio
return: thus a portfolio with a relatively high (low)
variance is judged to have a higher (lower) risk
(Aerts et. al. 2008). The information on returns
and risks is used to identify a portfolio that most
closely matches (risk) preferences.
The principles of diversification and the use of
portfolios have high relevance for climate change
adaptation (including iterative adaptive
management, see IPCC SREX, 2012), and the
technique can quantify the effectiveness of
portfolios of options against climate change
uncertainty. In the climate change context, the
trade-off is then between the possibility of a high
degree of effectiveness in reducing climate risks,
and the risk that the adaptation options will fail to
be effective over a certain range of climate
change. PA allows the selection a set of options
that, together, are effective over the range of
possible projected future climates, rather than
one option that is best suited to one possible
future climate.

Adaptive Management (Iterative Risk
Management) is a long established approach
that uses a monitoring, research, evaluation and
learning process to improve future management
strategies.
The potential for an iterative approach for
addressing climate change has been recognised
for some time (Tompkins and Adger, 2004) and
aligns with the IPCC AR4 Act-Learn-Then act
again approach (Klein et al. 2007). The approach
has been widely recommended for adaptation,
including in the latest IPCC Special Report on
Managing the Risks of Extreme Events and
Disasters to Advance Climate Change
Adaptation (SREX) (IPCC, 2012).
The approach is less formalised than many of the
tools above, but the focus is on the management
of uncertainty, allowing adaptation to work within a
process of learning and iteration. Recent
applications have also used the term ‘adaptation
pathways’ to reflect a shift from predict-andoptimise based approaches to a dynamic pathway
that incorporates uncertainty (Downing, 2012).

The main strength of the approach is that it
provides a structured way to assess adaptation
portfolios in a way that other decision tools do
not allow. The approach can be undertaken
using various metrics, including physical
effectiveness, cost effectiveness, or economic
efficiency and this provides flexibility for
application to a wide range of applications.

The most recent applications identify possible
risk or impact thresholds (and accompanying
indicators) and assess options (or portfolios of
options) that can respond to these threshold
levels. These are accompanied by monitoring
plans that track key indicators, and through a
cycle of evaluation and learning, allows the
adjustment of plans over time. The appraisal of
options within these pathways can be undertaken
using some of the tools above, using qualitative
or semi-quantitative decision support tools, such
as MCA, or more formalised economic appraisal
with CBA (though it would also be possible to use
the alternative tools above in such a framework).
The results of these iterative assessments are
often presented as adaptation pathways or route
maps. While most applications have been at the
project level, notably for sea level rise, there are
now examples emerging of more strategic or
even national level plans (see Watkiss and Hunt,
2011: Watkiss et al, 2013).

However, the formal application is technically
complex, and relies on the availability of data on
effectiveness and co-variance, which requires
probability, and it can be difficult to apply for
some risks, notably where climate attribution is
less straightforward, and/or the effectiveness of
adaptation is not easily measured.

A variation of the approach is to consider major
biophysical, human, social or economic
thresholds, and the MEDIATION project has
developed such assessments using the term
‘Adaptation Turning Points’ looking at socialpolitical thresholds (i.e. a formal policy objective
or societal preference).
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The advantage of the approach is that rather
than taking an irreversible decision now about
the ‘best’ adaptation option – which may or may
not be needed depending on the level of climate
change that arises – it encourages decision
makers to ask “what if” and develop a flexible
approach, where decisions are made over time,
and these plans adjusted as the evidence
emerges (Reeder and Ranger, 2011). This allows
the right decisions are taken at the right time (EA,
2011), such that additional options can be
brought forward– or delayed to a later time
period – depending on how climate change
actually evolves. The disadvantage is that the
identification of suitable risk thresholds can be
difficult, especially when there are multiple risks
or cross sectoral dimensions involved. Like many
of the approaches above, it can be time and
resource intensive, especially when addressing
multiple scenarios in an economic framework.
Analytic Hierarchy Process (AHP) is a form of
multi-criteria analysis (see earlier) that
undertakes pairwise comparisons using expert
judgements to derive priority scales (Saaty,
1980). The method allows the analysis of
tangible and intangible elements together,
allowing these to be traded off against each
other in a decision-making process.
The method is applied by making comparisons
using a scale of absolute judgements that
represents how much one element dominates
another for a given attribute. The derived priority
scales are then synthesised and the various
weighted scores are aggregated. The approach
is very flexible and can be adapted to specific
contexts. Criteria (or attributes) and sub-criteria
can be decided in advance by experts or through
a participatory process with stakeholders. There
is no upper limit to the number of criteria or subcriteria, except for the time that is then required
to do the comparison.
The approach can be used to choose options, to
rank and/or prioritise them, and for resource
allocation and conflict resolution. The tool has a
particular relevance where important elements of
the decision are difficult to quantify or compare,
or where different expertise, goals, and worldviews are a barrier to consensus-building and
communication.
AHP has been used in a wide variety of fields.
The approach has high relevance for the

application to adaptation, as it can evaluate
options in situations of high complexity,
considering different time horizons, uncertainty,
multiple and interdependent variables, and
subjectivity, all of which requires multidimensional trade-offs. It allows the comparison
of diverse elements that are often difficult to
measure in a structured and systematic way
using a scale, though this inevitably involves a
degree of subjectivity.

Socio-Institutional Analysis
Alongside the focus on uncertainty, there is also
a growing recognition of the role of socioinstitutional issues in climate adaptation. The
IPCC special report on extreme events (IPCC,
2012) confirms the viewpoint of adaptation as a
socio-institutional process, defining adaptation
as a process of adjustment to the actual or
expected climate and its effects, in order to
moderate harm or exploit beneficial
opportunities.
There is an increasing body of research on the
role of socio-institutional networks in climate
adaptation. Berkhout et al., (2006) found that
many of the resources required for carrying out
the process of adaptation lie outside the
boundary of a particular organization, and Moser
and Ekstrom (2010) report that barriers to
adaptation often arise from institutional and
cognitive constraints. Downing (2012) contrasts
a predict-and-provide viewpoint with a processbased understanding of adaptation.
These studies highlight that the inter-relationships
between organisations are influential in
determining how (and if) adaptation processes
will occur. Following from this, it is important to
identify the existing socio-institutional landscape
and feedback processes in climate adaptation
research, to speed up the necessary ‘climateadapted routines and capability to be developed’
(Berkhout et al., 2006).
These findings have led to an increased interest
in adaptation governance, using behavioural and
institutional analysis to understand and
overcome individual and social constraints. This
process-based understanding requires a
‘mapping’ of the problem framing and actors.
One such approach for understanding these
issues is Social Network Analysis (SNA). SNA
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is a method that analyses social networks and
institutional actors (i.e. organizations, individuals,
interest groups, etc.) and their linkages and
socio-institutional relationships. It allows a
mapping of the influence and the exchange of
information and can therefore help in assessing
adaptive capacity.
SNA explores socio-institutional processes, and
identifies the context and governance around
decisions. It highlights institutional arrangements
and structures, decision framing of actors, their
approach to dealing with information, the
competence for action, and the laws, regulations,
values and norms that are likely to guide decisions.
SNA can be undertaken using qualitative or
quantitative methods. The qualitative approach
focuses on network mapping and provides visual
representations of networks, actors and
information flows. This is usually undertaken as
part of participatory analysis, revealing insights
about these relationships, the various flows
between actors and the perceptions of influence
and power in the network.

The quantitative analysis is more comprehensive,
considering whole networks and undertaking
analysis using software and standard statistical
tests. This provides a deeper analysis of
institutional aspects, providing variety of
measures/indicators to help describe the overall
relational structure of a social network, as well as
the roles of individuals within it.
SNA has high relevance for adaptation, reflecting
the growing consensus and the focus on building
adaptive capacity. The organisational knowledge,
responsibility and strategies can be assessed,
and potential barriers to adaptation can be
revealed and subsequently negotiated. It can
also investigate how actors and organisation
address uncertainty, i.e. how decisions are
framed and their choice of appraisal tools.

Strengths and Weaknesses
The MEDIATION project has reviewed the
strengths and weaknesses of different
approaches. A summary of the key strengths and
weakness are outlined below in Table 1.

Table 1. Strengths and Weaknesses of the Decision Support Tools.
Tool
Cost-Benefit
Analysis

CostEffectiveness
Analysis

Multi-criteria
analysis

Strengths
– Provides direct analysis of economic benefits,
justification for action, and optimal solutions.

– Difficulty of monetary valuation for non-market
sectors and non-technical options.

– Well known and widely applied.

– Uncertainty usually limited to probabilistic risks.

– Benefits expressed in physical terms (not
monetary) thus applicable to non-market
sectors.

– Benefits can be difficult to identify and single
metric does not capture all costs and benefits.
Less applicable cross-sectoral / complex.

– Relatively simple to apply and easily
understandable ranking and outputs.

– Works best with technical options, and often
omits capacity building and soft measures.

– Use of cost curves can assess policy targets
with least-cost optimisation.

– Sequential nature of cost curves ignores interlinkages and potential for portfolios.

– Used for mitigation, thus widely recognised and
resonance with policy makers.

– Does not lend itself to the consideration of
uncertainty, as works with central tendency.

– Combines quantitative and qualitative data, and
monetary and non-monetary units, thus
applicable where quantification is challenging.

– Results need further interpretation and
elaboration in more detailed studies.

– Relatively simple and transparent, and relatively
low cost / time requirement.
– Expert judgement can be used very efficiently,
and involves stakeholders, thus can be based
on local knowledge.
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Weaknesses

– Different experts may have different opinions, i.e.
subjectivity involved.
– Stakeholders may have lack of knowledge and
can miss important options.
– Analysis of uncertainty is often qualitative and
subjective.

Method Overview
Table 1. Strengths and Weaknesses of the Decision Support Tools (Continued).
Tool
Real Options
Analysis

Strengths

Weaknesses

– Assesses value of flexibility and learning, in
quantitative and economic terms.

– Data and resource intensive, with high
complexity and expert input.

– Decision trees conceptualise and visualise the
concept of adaptive management.

– Data a potential barrier, (probabilistic climate,
quantitative and economic information).
– Identification decision points often complex.

Robust
Decision
Making

– Assesses robustness rather than optimisation.
– Applicable where probabilistic information is low
or missing, or climate uncertainty is high.
– Can work with physical or economic metrics,
enhancing application across sectors.

Portfolio
Analysis

– Resource intensive and needs expert
knowledge.

– Measures “returns” using various metrics,
including physical or economic, thus broad
applicability.

– Relies on the availability of quantitative data
(effectiveness and variance/co-variance).

– Process of monitoring, research, evaluation and
learning that avoids irreversible decisions and
encourages learning to adjust decisions over
time.
– Uses scenarios to delineate uncertainties not to
predict the future.
– Is more policy orientated and flexible in
objectives and appraisal methods.
– Encourages discussion about (un)acceptable
change and definition of critical indicators.

Analytic
Hierarchy
Process

– Can be applied where elements difficult to
quantify or not directly comparable.
– Relatively simple approach and produces simple
rankings that are easy to communicate.
– Does not require information on economic
benefits so wide applicability.
– Can accommodate a wide range of disciplines,
opinions and groups of people who do not
normally interact.

Social Network
Analysis

– The formal application has a high demand for
quantitative information, computing power, and
requires a high degree of expert knowledge.

– Assesses portfolios, which analysis of individual
adaptation options not allow.

– Use of the efficiency frontier an effective way of
visualising results and risk-return trade-offs.
Adaptive
Management
/
Iterative Risk
Assessment
/
Adaptation
turning points

– Lack of quantitative probabilities can make more
subjective, influenced by stakeholders.

– Requires probabilistic climate information, or an
assumption of likelihood equivalence.
– Issues of inter-dependence between options.
– Challenging when multiple risks acting together,
or indirect links to CC.
– Thresholds are not always easy to identify,
especially those that are poorly defined.
– Focuses on existing management objectives.
Unknown impacts and new challenges may be
overlooked / difficult.
– Loses simplicity for communication less-well
defined thresholds and multiple drivers.

– Results change as new options are considered.
– Becomes complicated if lots of criteria and
options are considered.
– Subjective scale can lead to biases.
– Trans-disciplinary capacity building can be
undermined at the cost of the expediency.
– Software can conceal conflicting value
judgments.

– Understanding of socio-institutional structures,
– Subjective bias.
actors, linkages and decision framing, to improve
– Networks have artificial boundaries.
information and knowledge transfer.
– Does not have a temporal or spatial dimension.
– Qualitative SNA quick and easy and encourages
participation across diverse viewpoints and
– Time-consuming, intensive process (quantitative).
actors
– Design of process is critical to get as many
– Quantitative SNA provides quantitative
differing viewpoints as possible.
information and correlations to understand
network variables.
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Case Studies

Discussion and Conclusions

The MEDIATION study has reviewed existing
literature examples that have applied these
decision support tools to adaptation. It has also
undertaken a number of new applications with
the Mediation case studies. The examples are
reported in Table 2 below.

The various approaches are summarised in the
figure below. This outlines the main traditional
decision support tools and the new tools that
have a greater focus on decision making under
uncertainty

Figure 2. Summary of Tools

10

Iterative Risk Assessment

Method Overview
Table 2. Examples of the Application of Decision Support Tools to Adaptation.
Tool

Literature applications and Mediation case studies

CostEffectiveness
Analysis

• Boyd et al (2006) undertook a detailed application of cost-effectiveness for water
resource zones and the potential adaptation response to address household water
deficits in the UK.
• The Mediation case study (Tainio et al. 2013) investigated the cost-effectiveness of
alternative conservation measures (adaptation options) that could maintain the
biodiversity of Finnish semi-natural grasslands under a changing climate.

Multi-criteria
analysis

• Van Ierland et al. (2007) (De Bruin et al. (2009)) applied MCA to assess adaptation
options for the Netherlands as part of the Routeplanner national study. This used a
qualitative MCA, which included various adaptation criteria.
• A quantitative MCA was used in the Thames Estuary 2100 project (EA, 2009: 2011) as
part of a broader study looking at future coastal flood defences for London. The MCA
was used to include qualitative criteria (environment, heritage, etc.) alongside formal
economic cost-benefit analysis.

Real Options
Analysis

• HMT (2009) provides a simplified theoretical example of ROA, which is incorporated
into supplementary Government guidance on economic appraisal for adaptation.
• Jeuland and Whittington (2013) applied real option analysis for a water resource
planning case study (large water storage projects) in Ethiopia along the Blue Nile.
• Van der Pol, et al (2013) looked at optimal dike investments under uncertainty with
learning about increasing water levels.

Robust
Decision
Making

• A comprehensive, formal application of RDM was undertaken by Lempert and Groves
(2010) for Southern California’s Riverside County Inland Empire Utilities Agency (IEUA).
• Dessai and Hulme (2007) present an example of the application for RDM to look at
climate uncertainty for water supply management in the UK.

Portfolio
Analysis

• Crowe and Parker (2008) provide an application of the approach for forests, using
portfolio analysis to investigate genetic material that could be used for the restoration
or regeneration of forests under climate change futures.
• Hunt (2009) applied portfolio analysis to a case of flood management at the local
geographical scale, for river flood risks in the UK, looking at portfolios of hard and soft
options

Adaptive
Management

• The Thames Estuary 2100 project (EA, 2009: 2011: Reeder and Ranger, 2011)
developed a tidal flood-risk management adaptation plan for London using an iterative
planning approach and adaptation pathways, with a detailed monitoring and evaluation
strategy.
• The Mediation case study applied the concepts of adaptation turning point to two case
studies: turning points for salmon restoration programmes in the Rhine river basin and
turning points for wine production in Tuscany, Italy (Werners et al, 2013).

Iterative Risk
Assessment
Adaptation
Turning Points
Analytic
Hierarchy
Process

• AHP has been applied to evaluate adaptation options for human settlements and for
crop impacts in Australia (Choy et al., 2012: Sposito, 2006), to explore the impacts of
storm surge and sea level rise in Canada and Caribbean (Lane and Watson, 2010) and
water sector options in China (Yin et al., 2008).
• The Mediation case studies applied AHP to consider agricultural adaptation options for
the Guadiana Basin, Spain and options for viticulture in Tuscany, Italy (Bharwani et al,
2013a).

Social
Network
Analysis

• Turnpenny et al, 2005 applied SNA to map actors involved in climate change policy
networks in the UK.
• The Mediation case studies applied (qualitative) social network analysis in Finland to
look at agricultural – conservation networks and to look at adaptation decision-making
in the agricultural and water sectors in Spain (Bharwani et al, 2013b).
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The review and case studies provide a number of
practical lessons on the application of these
tools to adaptation. They provide useful
information on the range of adaptation problem
types where the various approaches might be
appropriate, as well as data needs, resource
requirements and good practice.
It is important to stress that the different tools
use various metrics, approaches and
assumptions, and have potentially different
applicability. No one method is right or wrong –
different methods may be more or less
appropriate according to the adaptation problem
and objectives. Furthermore, the methods and
tools are not mutually exclusive, and there are
several examples where combinations of tools
have been used, or where one tool has been
used to scope out promising adaptation options
from a long-list, which is then subject to detailed
appraisal using one of the more complex
methods.
Information from the review is summarised in
Tables 3 and 4 below. Note that the grading of
the resources and expertise required to use
these tools are presented in relative terms.
Depending on the size or type of adaptation, and
the location in the project cycle (from scoping
options to detailed implementation analysis) the
resources spent on decision analysis may be
relatively easy to justify in terms of avoiding misallocation and mal-adaptation.
A number of issues are relevant in considering
the applicability to different adaptation problem
types.

detailed (economic) appraisal tools to look in
detail at a smaller number of options, i.e. as one
moves towards implementation

Figure 3. Metrics used in Benefits Analysis.

Similarly, it may be possible to complement
some of the more formal economic approaches
(such as CBA) with tools that allow the
consideration of qualitative information or issues
that difficult to quantify (e.g. environmental or
social, equity, acceptability).
Second, the nature of the climate information
available may also affect the applicability of the
tools. Again, tools such as MCA and AHP can
work with very general climate (risk) information,
whereas quantitative focused tools need more
detailed model outputs to allow quantification of
benefits. Tools such as RDM (and IAM) are more
suitable where there is deep uncertainty (or high
climate uncertainty), as compared to tools such
as ROA or PA which require probabilistic climate
information (or probabilistic like assumptions).

First, the choice of tools depends on the
availability of benefits information. As shown
below, MCA and AHP have the flexibility to work
with qualitative or quantitative information (and
even economic data), while other techniques
require quantitative data. CBA and ROA work
exclusively with economic data only. The
availability of data (or the potential for providing
monetary estimates of benefits) may therefore
constrain the approach, or affect the application
to sectors where valuation is challenging.
This also provides relevant information for the
sequencing or complementarity of tools. It may
be appropriate to use more qualitative scoping
tools, such as MCA, early on in the process to
identify promising options, followed by more
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Figure 4. Climate information Needs.

Method Overview
Table 3. Inputs, Benefit Metric and Resource / Expert Requirements.
Decision
Support Tool

Input requirements

Benefit Metrics

Resources /
expertise

Cost-Benefit
Analysis

– Individual scenario and climate model
outputs.
– Baseline damage costs from scenariobased IA. Quantitative adaptation
effectiveness.

Economic
(monetary).

Medium.

CostEffectiveness
Analysis

– Scenario and climate model outputs and
often baseline damage costs.
– Effectiveness as reduction in impacts (unit /
total).

Quantitative (but not
economic).

Medium

Multi-criteria
analysis

– Qualitative or quantitative information on
climate change.
– Effectiveness through expert input or
stakeholder consultation.

Qualitative,
quantitative or
economic.

Low – Medium

Real Options
Analysis

– Probability or probabilistic assumptions for
climate (multiple scenarios) and decision
points.
– Baseline damage costs and adaptation
effectiveness.

Economic
(monetary).

High.

Robust Decision
Making

– Multi-model scenario and climate model
outputs (more the better).
– Formal approach requires uncertainty
information for all parameters.

Quantitative or
economic.

High.

Portfolio Analysis

– Probability or probabilistic assumptions for
climate (multiple scenarios).
– Variance and covariance of each option.

Quantitative or
economic.

High.

Adaptive
Management /
Adaptation
Turning Points

– Sets of scenario and climate model outputs, Quantitative or
but flexible.
economic.
– Threshold levels for risks.

Medium – High.

Analytic
Hierarchy
Process

– Qualitative or quantitative information on
climate change.
– Effectiveness through expert input or
stakeholder consultation.

Qualitative,
quantitative or
economic.

Low – Medium

Social Network
Analysis

– Stakeholder consultation (qualitative)
– Survey data and software analysis
(quantitative)

N/A

Low (Qual.)
High (Quant.)
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Table 4. Potential Applications of the Tools to Adaptation.
Decision
Support Tool

Potential applicability

Most useful when

Potential uses
of approach

Cost-Benefit
Analysis

Short-term assessment,
particularly for market sectors.

– Climate probabilities known.
– Climate sensitivity small
compared to costs/benefits.
–Good data exists for major
cost/benefit components.

Low and no regret option
appraisal (short-term).
As a decision support tool within
iterative risk management

CostEffectiveness
Analysis

Low and no regret option
– As for CBA, but for nonShort-term assessment, for
appraisal (short-term).
monetary metrics;
market and non-market sectors.
As a decision support tool within
Particularly relevant where clear – Agreement on sectoral social
objective (e.g. acceptable risks iterative risk management.
headline indicator and dominant
of flooding).
impact (less so cross sector).

Multi-criteria
analysis

Project and policy (programme)
level. Tool for appraising option,
or complementary tool (e.g. to
CBA) to consider qualitative or
non-market elements.

Real Options
Analysis

– Large irreversible capital
Major project based analysis.
Short-term assessment including decisions.
– Climate risk probabilities known
long-term uncertainty.
or good information.
Comparing flexible vs. non
– Good quality data for major
flexible options, or value of
cost/benefit components.
information.

Economic analysis of major
investment decisions, notably
major flood defences, water
storage, particularly where
existing adaptation deficit,
potential for learning and/or
potential for flexibility within
project.

Robust Decision
Making

– High uncertainty of climate
Project and programme/
strategy analysis especially under change signal.
– Mix of quantitative and
conditions of high uncertainty.
qualitative information.
Near-term investment with long
– Non-market sectors (e.g.
life times (e.g. infrastructure)
ecosystems, health).

Identifying low and no regret
options. Testing near-term
options or strategies (e.g. infrastructure) across a large number
of futures, or climate projections.
Comparing technical and nontechnical sets of options.

Portfolio Analysis

Project based analysis of
combinations of options,
including potential for project
and strategy formulation.

– Adaptation actions likely to be
complementary in reducing
climate risks.
– Climate risk probabilities
known or good information

Designing portfolio mixes as part
of iterative pathways.

Adaptive
Management /
Adaptation Turning
Points

Project and strategy /
programme level. To develop
adaptation pathways that allow
iterative plans.

– High uncertainty.
– Clear risk thresholds and
indicators.

Flexible, but especially mediumlong-term where potential to
learn.
As an overall iterative framework,
within which additional decision
support tools used.

Project and policy (programme)
level.

– Mix of quantitative and
qualitative information.
– Mix of qualitative and
quantification data.
– Need for consensus building.

Scoping of potential options.
Early analysis of uncertainty or
other adaptation characteristics
of options.

Analytic Hierarchy
Process

Social Network
Analysis
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– Mix of qualitative and
quantification data.

Scoping of potential options.
Early analysis of uncertainty or
other adaptation characteristics
of options.
Complementary tool to address
non-market / non-monetary
attributes.

– Adaptation decisions involving Analysis of adaptive capacity,
Project to national level for
information and knowledge
many different stakeholders.
adaptive capacity, socioflows, decision frameworks.
institutional aspects and
identifying barriers to adaptation.

Method Overview
Third, there some differences in the relevant time
periods for application, i.e. between short- and
longer-term analyses. The low consideration of
uncertainty in conventional CBA and CEA makes
them less applicable for longer-term analysis
where climate uncertainty is important.
Conversely, tools such as RDM, ROA, IAM and
PA have the potential to look at both short and
longer-term aspects, because they incorporate
such aspects.
Finally, many of the new methods that work with
decision making under uncertainty (ROA, PA, and
to a lesser extent, RDM and IAM) are resource
intensive and technically complex. This is likely
to constrain their formal application to large
investment decisions or major risks, or as part of
more detailed appraisal analysis. However, the
conceptual aspects for addressing uncertainty in
these approaches can be used in ‘light-touch’
approaches, allowing a wider application in
qualitative or semi-quantitative analysis. This can
include the use of decision trees from ROA, the
concepts of robustness testing from RDM, the
shift towards portfolios of options from PA and
the focus on evaluation and learning from IRM.

Further Briefing Notes
Additional information on each of the methods outlined in this note are included in a series of
separate Policy Briefing Notes.
Note Decision Support Tool
2
3
4
5
6
7
8
9

Cost-Effectiveness Analysis
Robust Decision Making
Real Options Analysis
Portfolio Analysis
Multi-Criteria Analysis
Analytic Hierarchy Process
Social Network Analysis
Adaptation Turning Points

The notes are available from the MEDIATION Adaptation Platform (http://www.mediationproject.eu/platform/).
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Cost–Effectiveness
Analysis

Summary of Methods and Case Study Examples from the MEDIATION Project

Key Messages
• There is increasing interest in the appraisal of
options, as adaptation moves from theory to
practice. In response, a number of existing
and new decision support tools are being
considered, including methods that address
uncertainty.
• The FP7 MEDIATION project has undertaken a
detailed review of these tools, and has tested
them in a series of case studies. It has
assessed their applicability for adaptation and
analysed how they consider uncertainty. The
findings have been used to provide
information and guidance for the MEDIATION
Adaptation Platform and are summarised in a
set of policy briefing notes.
• One of the tools that has been widely applied
to climate change mitigation, and is also
being considered for adaptation, is CostEffectiveness Analysis (CEA).
• CEA can be used to compare and rank the
relative attractiveness of different options, and
to identify the least cost combination of
options to achieve pre-defined targets using
cost curves.
• CEA has been widely used in climate change
mitigation. However, the MEDITION review
highlights the application to adaptation is
much more challenging. This is because
adaptation is a response to many local,
regional or national level impacts, rather than
to a single global burden, i.e. there is no single
common metric. The application of CEA to
adaptation is therefore much more
demanding, in terms of analysis detail and
resources.
• A key issue for CEA is the choice of costeffectiveness metrics. The MEDIATION review
has identified a set of potential metrics by
sector, however, it is stressed it can be
difficult to pick these, especially when
considering complex or cross-sectoral risks.
• Further, most applications of CEA do not
consider uncertainty, working with single cost
curves. However, the use of central estimates
for future climate change is not
recommended. For adaptation, uncertainty

has the potential to alter the ranking of
options and the overall cost curve, and thus
needs consideration.
• The review has considered the strengths and
weakness of the approach for adaptation.
• The key strength of CEA is that it avoids
valuation of economic benefits, and can thus
be used where valuation is difficult or
contentious (e.g. ecosystems). The approach
is also relatively easy to apply, and the results
are concise and easy to understand.
• The potential weaknesses relate to the use of
a single common metric and the consideration
of uncertainty, both critical issues for
adaptation. Further, CEA tends to focus on
technical options, and often omits capacity
building and non-technical options, while the
linear sequencing adopted contradicts the
adaptation focus on portfolios of options and
inter-linkages.
• Previous applications of CEA to adaptation
have been reviewed, and a case study is
presented for the biodiversity in Finland.
• The review and case studies provide useful
information on the types of adaptation
problem types where CEA might be
appropriate, as well as data needs, resource
requirements and good practice lessons.
• The review identifies CEA is most useful for
near-term assessment, particularly for
identifying low and no regret options, in areas
where monetary valuation is difficult. It is most
applicable where there is a clear headline
indicator and where climate uncertainty is low.
• A number of good practice lessons are
highlighted. The most important of these are
to ensure that adaptation CEA does not focus
only on technical options, and that it
considers uncertainty through multiple cost
curve analysis. Furthermore, the need to
consider all attributes of options is
highlighted. Finally, it is considered good
practice to undertake CEA within an iterative
plan, to capture enabling steps, portfolios and
inter-linkages, rather than using the outputs
as a simple technical prioritisation.

Cost-Effectiveness Analysis
Introduction
There is increasing policy interest in the appraisal
of options, as adaptation moves from theory to
practice. At the same time, it is recognised that
the appraisal of climate change adaptation
involves a number of major challenges,
particularly the consideration of uncertainty. In
response, a number of existing and new decision
support tools are being considered for adaptation.
The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
looking at adaptation decision support tools, in
line with its objectives to advance the analysis of
impacts, vulnerability and adaptation, and to
promote knowledge sharing through a
MEDIATION Adaptation Platform (http://www.
mediation-project.eu/platform/). To complement
the information on the Platform, a series of Policy
Briefing Notes have been produced on Decision
Support Methods for Climate Change Adaptation.
An overview of all the decision support tools
reviewed is provided in Policy Briefing Note 1:
Method Overview, which summarises each
method, discusses the potential relevance for
adaptation and provides guidance on their
potential applicability. The methods considered
include existing appraisal tools (cost-benefit
analysis, cost-effectiveness analysis and multicriteria analysis), as well as techniques that more
fully address uncertainty (real options analysis,
robust decision making, portfolio analysis and
iterative risk (adaptive) management). It also
includes complementary tools that can assist in
adaptation assessment, including analytical
hierarchic processes, social network analysis
and adaptation turning points. Additional

information on each method is presented in a
separate Policy Briefing Notes (2 – 10).
This Policy Brief (Note 2) provides a summary of
cost-effectiveness analysis. It provides a brief
synthesis of the approach, its strengths and
weaknesses, the relevance for adaptation, how it
considers uncertainty, and presents case study
examples. It is stressed that this note only
provides an overview: more detailed information is
available in MEDIATION deliverables, and sources
and links on the MEDIATION Adaptation Platform.

Description of the Method
Cost-Effectiveness Analysis (CEA) is a widely
used decision support tool. It compares
alternative options for achieving similar outputs
(or objectives). In this regard it is a relative
measure, providing comparative information
between choices. It has been widely used in
environmental policy analysis, because it avoids
monetary valuation of benefits, and instead
quantifies benefits in physical terms.
At the technical or project level, CEA can be
used to compare and rank alternative options. It
does this by assessing options in terms of the
cost per unit of benefit delivered, e.g. cost per
tonne of pollution abated. This identifies those
options that deliver highest benefit for lowest
cost (i.e. the most cost-effective). As well as
ranking different options, such an analysis can
be used for benchmarking, see box.
At the project, policy or programme level, where
combinations of options are needed, CEA can be
used to assess the most cost-effective order of
options, and so identify the least-cost path for
achieving pre-defined policy targets. This is

Box 1. Benchmarking using CEA
Cost-effectiveness analysis can be used to benchmark options, i.e. by setting thresholds. This
approach is often used in considering new treatments in health service provision (e.g. in the UK),
where the clinic effectiveness of new interventions are compared against a cost-effectiveness
threshold, measured as the cost (£) per Quality Adjusted Life Year (QALY). New treatments or drugs
are considered cost-effective if they are lower than £20 000 to £30 000 per QALY (NICE, 2010). Such
an approach is needed because publicly funded healthcare systems cannot pay for every new
medical treatment that becomes available. As there are limited resources, choices have to be made,
cost-effectiveness analysis helps provide the largest benefits with the available resources.
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Box 2. Comparing Mitigation and Adaptation
Cost-effectiveness analysis has become the primary appraisal method for mitigation. However,
adaptation is very different to mitigation, for the following reasons:
Mitigation involves a single, common metric for benefits, i.e. tonnes of GHG emissions. This metric
relates to a global burden, so a reduction in a tonne of GHG emissions is treated the same,
irrespective of the technology, sector or location. This means a tonne of CO2 abated from road
transport in an urban area has the same benefit (and unit of effectiveness) as a tonne abated from
the electricity sector in a rural location. This allows equivalent cross-economy analysis of options
using €/tCO2.
In contrast, adaptation is a response to a local, regional or national level impact, rather than to a
global burden, and involves different types of risks in different sectors. There is therefore no
common single metric which allows cross-sectoral cost-effectiveness analysis. Furthermore, there
are often many risks even within a single sector, which can make even sectoral CEA studies
challenging: for example, adaptation to sea level rise (SLR) can involve protecting people from flood
risk, reducing coastal erosion, conserving coastal ecosystems, etc. all of which involve different
metrics. Finally, the analysis of impacts in adaptation (rather than burdens in mitigation) means that
technology, location and time period are important: for adaptation, it makes a different how, where
and when cost-effectiveness is assessed.

undertaken through the use of marginal
abatement cost (MAC) curves. The approach can
also identify the largest benefits possible with the
available resources, and can even be used to
help set targets, by selecting the point where
cost-effectiveness falls significantly (i.e. where
there are disproportionately high costs for low
benefits).
Cost-effectiveness analysis has been widely
used in European and Member State policy
appraisal, and was previously the main approach
used for air quality policy (Watkiss et al, 2007).
Air quality concentration or deposition target
levels were set on a scientific basis, and the
costs of alternative ways of achieving these
targets (or progressing towards them) were
assessed using CEA.
It has also been used in risk-based flood
protection assessment, particularly for coastal
zones (e.g. RIVM, 2004) assessing the costeffectiveness of achieving flood protection
targets (defined as a level of acceptable risk,
such as protection against a 1 in 10000 year
return period).
Most recently, cost-effectiveness analysis has
become the main appraisal technique used for
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climate change mitigation, as it allows the
comparison and ranking of greenhouse gas
(GHG) abatement options, using the costeffectiveness metric of cost per tonne of GHG
abated (€/tCO2). There has also been
widespread use of marginal abatement cost
curves for mitigation. These show the relative
ranking of options in order of cost-effectiveness,
and can be used for identifying the least cost
way of achieving emission reductions including
cross-economy targets (e.g. CCC, 2008).
Because of the widespread use of CEA for
climate change mitigation, many commentators
have also highlighted its potential use for climate
change adaptation. However, the application of
CEA to adaptation involves a number of major
differences, see Box 2.
Cost-effectiveness analysis involves a series of
common methodological steps.
• Establish the effectiveness criteria.
• Collate a list of options.
• Collect cost data for each option – noting this
involves the full costs over the lifetime of the
option, including capital and operating costs –
and thus requires all values to be expressed
on a common economic basis (in equivalent

terms using discount rates and either an
equivalent annualised cost or a total present
value).
• Assess the potential benefits (effectiveness) of
each option. In many but not all, these are
expressed as an annual benefit, relative to a
baseline or reference case.
• Combine these to estimate the costeffectiveness, by dividing the lifetime cost by
the lifetime benefit (or annualised costs by
annualised benefit).

Abatement cost (€/tCO2)

Cost-Effectiveness Analysis

Emissions potential (cumulative tCO2)

Example cost curve.
At this point, all the options can be expressed in
equivalent terms, as a cost per unit of
effectiveness. This allows the ranking of
measures, identifying the most costeffectiveness options, i.e. those that deliver high
benefits for low costs.
This information can then be used as an input to
form a marginal abatement cost curve. Cost
curves have been used for many decades in
policy (and mitigation) analysis. In graphical
terms, they are often presented as cumulative
bar charts.
In simple terms, a cost curve presents all options
in order of unit cost-effectiveness analysis,
starting with the most cost-effective. At the same
time, it also assesses the total cumulative
effectiveness of each option, as it is added.
When considered together, this allows the
estimation of the least-cost way to achieve a
plan, programme or policy target /objective.
An example is included below, showing a typical
mitigation cost curve. Each bar represents a
specific option. The options are arranged in
order of cost-effectiveness (left to right), as
measured on the vertical axis by the cost per unit
of abatement – €/CO2. The width of each bar
indicates the total abatement potential of each
option (i.e. the total effectiveness, in tonnes of
CO2) – noting this could be for a local plan or a
national level analysis. Wider bars show options
that can achieve larger total benefits, i.e. which
reduce more emissions. In the example, the
marginal abatement costs of some cost-effective
options are negative, showing these achieve
benefits at negative cost, so called no regret
options (e.g. energy efficiency).

To undertake a policy CEA, a target level of total
effectiveness is first set and the cost curve is
generated. As the graph presents options in
order of cost-effectiveness, it estimates the
cumulative least-cost pathway to achieve the
target, because it implements those options that
have high benefits for low cost first. By contrast,
if the least cost-effective options were
implemented first (those on the right of the
figure), it would cost far more to achieve the
same target level.
The combination of options needed to achieve the
target can thus be read off the graph. A similar
approach can be used to derive the total costs of
different levels of ambition. In practice, CEA is
more involved, and further checks are needed to
ensure that options can be implemented together,
and to consider other criteria.

The Application to Adaptation
Cost-effectiveness is already used in many
sectors that are relevant to adaptation, such as
health and flooding, and therefore has potential
for appraising options to address future climate
change. The MEDIATION project has reviewed
the application of CEA to adaptation, including
existing case studies in the academic and grey
literature.
The first issue that the review has identified is the
choice of cost-effectiveness metrics for
adaptation, and the related sector policy
objectives. This recognises there are a wide
range of potential risks, across and between
sectors that could be considered. As part of the
review, MEDIATION has identified possible by
sector, presented in Table 1.
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Table 1. Possible cost effectiveness metrics / objectives for adaptation.
Issues

Sector

Possible Metric

Health

Cost per DALY, cost per fatality or cost per life Different cost per life year used across
Europe.
year saved (impact metrics).

Sea level rise

Health thresholds (maximum occupational
temperatures, comfort levels)

Consistency issues with other sectors
where health a part of wider risks (e.g.
floods, transport)

Cost per reduction in land area at risk or
number of people at risk (exposure metric) or
e xpected annual damages (economic metric)

Land area and ha only covers a sub-set
of SLR impacts. Issue of non-market
values, loss of biodiversity and
ecosystem services.

Cost per ha. For the measure relative to value
of land protected per ha (impact metric).
Pre-defined acceptable risks of flooding as
objective / threshold level for adaptation.

Very different levels of acceptable risk
and protection across Member States

Floods

As above.

As above.

Agriculture

Impact based metrics include cost per unit of
crop yield, production or land value, but
depends on risk (e.g. could be reduction in
water stress).

Issue of capturing wider environmental
and multi-functionality of agriculture.

Possible headline indicator is cost per change
in value added as a result of adaptation
measures.

Highly aggregated and only one element
of potential impacts.

Impact metrics for water availability
(household) and cost per M3 of water
provided.

Issues with wider attributes of water
including quality (environmental).

Possible thresholds in terms of environmental
quality (Directives) or acceptable flows.
Possible thresholds for risk of supply
disruption.

Issue of multi-functionality and multiple
users and sectors (agriculture, industry,
etc.)

Critical targets (sustainable levels) and
standards (overall objective).

Issue if standards are available (and
complex and contentious to set).

Water
resources

Ecosystems
and
Biodiversity

Possible cost per unit of ecosystem services.
Business
& industry

Possible headline indicator is cost per
change in value added as a result of
adaptation measures. Could also include
acceptable risk levels for infrastructure or
service supply.

Extreme
Possible metric in terms of cost per level of
Events
risk reduction, or pre-defined acceptable
including to
levels of risks as objective
infrastructure

Broad nature of sector and potential risk.

Very different levels of acceptable risk
and protection across Member States
Variability in risk acceptability across
different extremes, and for different
infrastructure.

Sources used in compiling the table: Nicholls et al (2006); Boyd et al, 2006: Rosenzweig and Tubiello (2007): Watkiss, Hunt
and Markandya (2009); UNFCCC (2009).
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This does highlight a particular issue for the
application of CEA to adaptation, namely that it
can be often be difficult to identify a single
common metric for analysis, because there are
many types of risks across and even between
sectors. In the case of sea level rise for example,
using a headline metric of the number of people
at risk, or an objective of acceptable levels of
risk, will omit consideration of coastal erosion
and coastal ecosystems. This means such a CEA
will not consider all relevant costs and benefits
for coastal adaptation and may not identify the
most holistic option. For this reason, CEA is less
suitable for complex or cross-sectoral risks.
The second key area identified in the application
of CEA to adaptation is the consideration of
uncertainty, one of the key areas of investigation
in the MEDIATION review.
Most previous CEA applications, e.g. in areas
such as environmental policy and mitigation,
ignore uncertainty, presenting single cost curves.
Early applications of CEA to adaptation have
also followed this approach, largely presenting
individual cost curves, or at best, a few cost
curves (each representing a central estimate for
a different emission scenario, or a central and
high scenario). As highlighted in Policy Note 1,
the use of central estimates for future climate
change assessments can often provide
misleading results for adaptation.

Indeed, the range of climate model outputs for a
given scenario, whether from the degree of
temperature change, or for precipitation
projections where even the sign of the change is
uncertain, will alter the cost-effectiveness of
options, their relative CEA ranking, and their total
effectiveness and the cost curve. It is possible to
address this by sampling across multiple
scenarios/model outputs, or using stochastic
approaches, but this has resource implications.

Strengths and Weaknesses
A key part of the MEDIATION project has been to
identify the strengths and weaknesses of
different approaches.
The key strength of CEA is that it avoids
valuation of economic benefits, enhancing
applicability where valuation is difficult or
contentious (e.g. ecosystems). The approach is
also relatively simple to apply, and the
communication of results is concise and easy to
understand – helped by the widespread use of
CEA in mitigation.
The potential weaknesses relate to the need to
choose a single common cost-effectiveness
metric and the consideration of uncertainty (see
previous section). These are both critical issues
for adaptation. It is also highlighted that the
analysis of adaptation benefits (effectiveness) is

Key strengths

Potential weaknesses

Benefits expressed in physical terms, therefore
does not require monetary valuation of benefits.
Increases applicability to non-market sectors.

Optimises to a single metric, which can be
difficult to pick. Less applicable for cross-sectoral
or complex risks.

Relatively simple approach to apply and provides
easily understandable ranking and outputs that
easy to understand.

The focus on a single metric omits important
risks, and does not capture all costs and benefits
(attributes) for option appraisal.

Frequently used for mitigation, and thus approach
widely recognised and has resonance with policy
makers.

Tends to work best with technical options, and
can therefore omit or give lower priority to
capacity building and soft (non-technical)
measures. Sequential nature of cost curves
ignores portfolios of options and inter-linkages.

Use of cost curves can assess different policy
targets and how to achieve these at least cost,
look at how to achieve greatest benefits for
available resources, or look at the cost
implications of progressively more ambitious
policies.

Does not lend itself to the consideration of
uncertainty and adaptive management, tending to
work with central tendency.

5

Decision
Support

2

location and technology specific, often requiring
analysis of (local) impacts, which change for
each baseline and for each scenario considered.
These impacts – and the resulting benefits of
options – also vary over time, and thus multiple
cost curves are needed to address different time
periods. All of this means that the application of
CEA to adaptation has much higher resource
needs for adaptation than for mitigation.
Finally, CEA tends to focus on technical options,
because these can be easily assessed in terms
of costs and benefits (effectiveness). However,
adaptation is now seen as a process as well as
an outcome, and capacity building and nontechnical (soft) options are considered an
important and early priority. Such non-technical
options do not lend themselves easily to the
quantitative analysis in CEA, thus they tend to be

given lower priorities (or omitted). This issue is
compounded by the strict linear sequencing
adopted in cost-effectiveness analysis, where
options are considered as discrete options
implemented in turn: this contradicts the
emphasis in the adaptation literature for
portfolios of options and the need to explicitly
consider inter-linkages.
A summary of some of the key strengths and
weakness of the approach is presented below.

Case Studies
The MEDIATION study has applied CEA to a
number of adaptation case studies, as well as
reviewing existing literature examples. A number
of these case studies are summarised in the box
below.

Box 3. Case Studies
Boyd et al (2006) undertook a detailed application of cost-effectiveness analysis for the South-East
of England, looking at the impact of climate change (including potential scenarios of reduced
precipitation) and socio-economic growth (increased demand) on water resource zones and the
potential adaptation response to address household water deficits. The study undertook detailed
basin modelling for the water catchment (Wade et al, 2006) and assessed baseline 30-year average
household water deficits in three future time periods (2011-2040, 2041-2070 and 2071-2100) for four
separate climate-socioeconomic scenarios.
The cost of addressing the projected water deficits was analysed through a cost-effectiveness
analysis, looking at a range of options for managing public water supply (including options that
reduced demand and options that increased supply). Detailed cost-yield curves (cost-effectiveness
curves) were produced to estimate how to eliminate the household water deficit at minimum cost,
providing cost curves for each scenario, for each of the three future time periods in an inter-linked
analysis. This addresses many of the issues raised above, by working with multiple projections and
multiple time periods. An example of one of the cost curves is presented below.

Source: Boyd et al (2006)
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Case Study 2: Cost-effectiveness analysis for biodiversity in Finland (MEDIATION)
Semi-natural grasslands and wooded pastures are among the most species-rich habitats in Finland
and include numerous red-listed species. However, intensification of agriculture and abandonment of
traditional management practices have reduced the area of valuable grasslands and their biodiversity.
Climate change is projected to cause additional challenges, as species may need to shift their ranges
to follow the changes in climatically suitable areas. However, the success of species moving to new
areas depends on their dispersal ability and the availability of suitable habitats.
The Mediation case study investigated thee impacts of climate change on grassland biodiversity
through a case study on grassland butterflies, which are a key indicator species group as well as
having a high amenity value. The study compared the sufficiency of habitat in the areas projected to
be climatically suitable in the future or where ecological corridors might be constructed to aid
dispersal, and then considered alternative adaptation options to enhance grassland biodiversity in
Finland under a changing climate.
The analysis first looked at future bio-climatic envelopes to explore which areas would be
simultaneously suitable for various species, considering a range of climate outputs and a series of
different modelling methods to explore their uncertainty. The model predictions show large variations
in the suitable areas for many species, (see figure below), as a consequence of different modelling
methods and climate scenarios being used. However, a common finding is that the current extent of
grassland habitats in Finland is far lower than the target level estimate required to sustainably
support current populations, as well as to secure species dispersal.
Figure 1. Projected suitability of future climate for the Parnassius
mnemosyne butterfly averaged over the time slice of 2051-2080. The
red colour indicates the most suitable areas.
The projections are based on bioclimatic envelope models developed
with three different modelling methods (GAM, GLM, GBM) and five
different climate scenarios.

The study then considered alternative conservation measures (adaptation options) which could
maintain the biodiversity of Finnish semi-natural grasslands under a changing climate. Three major
adaptation options were considered: agri-environmental scheme (AES) measures (which are already
used in Finland), construction of ecological corridors, and species translocation. The results show
that management of traditional biotopes by cattle grazing is the most efficient measure for butterflies,
but when costs are taken into account buffer zones appear to be the most cost-effective AES
measure.
Cost-effectiveness of Agri-Environmental Scheme Measures.
AES Type
Environmental Fallow
Buffer Zone
Traditional biotope

Total PVC
710
944
2520

Effectiveness (Y)
0,7
1,16
2,29

CE measure (PVC/Y)
1014
858
1096

The analysis was complemented with a farmer survey to understand farmer attitudes to biodiversity
conservation and how different factors affect farmers’ willingness to implement different AES
measures, thereby providing useful complementary information on the attractiveness of management
options and the possible barriers to implementation.
Source: Tainio et al. (2013).
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Discussion and Applicability
The review and case studies provide a number of
practical lessons on the application of costeffectiveness analysis to adaptation. They
provide useful information on the types of
adaptation problem types where CEA might be
appropriate, as well as data needs, resource
requirements and good practice.
CEA is considered most useful for near-term
adaptation assessment, particularly for identifying
low and no regret options. The approach can be
applied to both market and non-market sectors,
but it particularly relevant for areas that are
difficult to value in monetary terms, e.g.
biodiversity, health. The use for long-term
assessment is considered most appropriate when
used as part of an iterative adaptive management
analysis, rather than as a tool on its own.
It is most applicable (and relevant) where there is
a clear headline indicator and a dominant impact
– and less applicable for cross sectoral and
complex risks, because it works with a single
metric. It is thus more applicable when there is
already agreement on sectoral objectives and
effectiveness criteria. It is more appropriate
where climate uncertainty is low, and good data
exists for cost/benefit components.
The key data inputs vary on the use of the tool, i.e.
whether a cost-effectiveness ranking (cost per unit
benefit) or a full policy analysis. An initial ranking of
options can often work with generic data on
burdens to identify promising options. However, a
full policy analysis usually requires some form of
scenario-based impact outputs, to assess unit
effectiveness accurately, and total effectiveness
against a baseline. Full cost data is needed (capital
and operating costs, expressed in equivalent
economic terms) as well as data on unit
effectiveness. For policy applications, additional
information is needed in the form of baseline risks
and the total potential for each option.
In considering the application of CEA to
adaptation, a number of good practice lessons
are highlighted:
• A good starting point for an adaptation CEA is
to consider the cost-effectiveness of options
to current climate variability, and then to
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assess cost-effectiveness in a number of
defined future periods.
• The application of CEA to adaptation will
ideally be context and location specific. It is
important to identify appropriate sector and
risk specific metrics, and stakeholder
consultation can help this step.
• The application of CEA to adaptation should
consider non-technical options and capacity
building as well as technical options, noting
these are more difficult to quantify.
• The application of CEA to adaptation needs to
consider uncertainty. This should involve a
sampling (multiple cost curves) across a range
of socio-economic and climate model
projections (even if low/high ranges). The use of
single central estimates and single cost curves
should be avoided. To capture the issues of
timing and dependencies, analysis is likely to
require a minimum of two future time periods.
• The CEA baseline should take account of
current conditions and existing and planned
policy. Future baseline projections should
consider socio-economic as well as climate
change, and ideally autonomous adaptation
and existing/planned adaptation measures.
• The analysis of inter-dependencies between
options is important, i.e. how one option
might affect another. It is also preferable to
undertake CEA within an iterative plan, to
capture enabling steps and portfolios of
options, rather than using outputs as a simple
technical prioritisation.
• Due to the focus on a single metric, there is a
need to assess wider attributes of options, i.e.
their wider environmental, social and
economic characteristics, as well practicality,
acceptability, etc. These should alter the
ranking of options.
• Recent applications of CEA have tried to apply
the cost curve concept to adaptation using full
cost-benefit analysis. The MEDIATION review
does not recommend such an approach. More
details are provided in the box.
Finally, due to the widespread application of costeffectiveness analysis in the mitigation domain,
some more advanced lessons have been
identified. These are summarised in the box.

Cost-Effectiveness Analysis
Box 3. More Advanced Lessons from Mitigation Cost-Effectiveness Analysis
A number of lessons of relevance for adaptation have emerged from the widespread use of CEA in
mitigation.
• CEA tends to work with technical costs, omitting important policy and/or transaction costs, which
need to be factored in when moving to policy implementation. For this reason, they underestimate
the costs of options (and overestimate the relative cost-effectiveness). These policy costs should
be factored into analysis.
• Cost curves can be divided into expert-based and model-derived curves. Expert-based curves
assess the cost and reduction potential of each single abatement measure, while model-derived
curves are based on a range of partial- or general-equilibrium models. For adaptation, most initial
assessments are likely to be expert based, but there may be potential for modelling in some future
areas.
• Cost-effectiveness usually optimises to one attribute, but in practice, policy options need to
consider many elements, whether expressed in monetary or non-monetary terms. There have
been some applications of CEA which seek to build in ancillary effects, either through the use of
cost-effectiveness adjustments or through multi-optimisation analysis. These involve a step
change in complexity and resources, but do provide much more robust results.
• A key area of discussion has centred on discount rates, and whether to use a social or private
sector discount rate. Recent examples have undertaken sensitivity analysis with both to examine
whether this alters the ranking and overall costs of compliance.
• Baseline assumptions, including the technology and reference costs (e.g. future energy prices),
have a significant impact on the cost-effectiveness analysis. Such socio-economic drivers are
known to be as important as climate drivers for adaptation, and need to be taken into account in
analysis.
• Most MACC assessments have limited feedback between sectors or even time periods.
Furthermore, they are defined with respect to a certain year. These issues are more important for
adaptation.
• There has also been a debate around learning curves and innovation, which are important in
determining the balance of current versus future options. This is something which requires
consideration in the adaptation domain, albeit in more complex assessments.
Building Adaptation Cost Curves Using Economic Valuation
• A number of recent assessments of adaptation have taken the marginal abatement cost curve
concept used for mitigation, but used monetary values to define effectiveness. In essence, this
just undertakes cost-benefit analysis, but presents results so that they look like a mitigation cost
curve.
• The MEDIATION project has reviewed this approach and does not recommend it for adaptation.
• This is because the approach tries to force adaptation to fit a decision framework targeted for
mitigation. It does not solve any of the issues raised above on cost-effectiveness analysis, i.e. it
treats adaptation as a simple linear process, focused on technical options, and most importantly,
it has little consideration of uncertainty.
• Furthermore, it introduces a new problem with respect to the challenge in estimating monetary
values for many sectors of interest to adaptation (health, ecosystem services), as well as capacity
building and non-technical options, which are a priority for early adaptation.
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Key Messages
• There is increasing interest in the appraisal of
options, as adaptation moves from theory to
practice. In response, a number of existing
and new decision support tools are being
considered, including methods that address
uncertainty.
• The FP7 MEDIATION project has undertaken a
detailed review of these tools, and has tested
them in a series of case studies. It has
assessed their applicability for adaptation and
analysed how they consider uncertainty. The
findings have been used to provide
information and guidance for the MEDIATION
Adaptation Platform and are summarised in a
set of policy briefing notes.
• One of the tools widely recommended for
adaptation is Robust Decision Making
(RDM). RDM aims to identify robust options
or strategies, i.e. those which perform well
over a wide range of futures. It aims to
support decision making under conditions of
deep uncertainty, i.e. when little or no
probabilistic information is available.
• RDM has been widely applied as analytic,
scenario-based approach for decision
support. The formal application is undertaken
in a computer modelling interface that adopts
data sampling algorithms to analyse
strategies over very large ensembles.
However, the concepts of the approach can
also be used in a simpler application, which
tests how options or strategies perform
against climate uncertainty.
• RDM has high relevance for adaptation, and
aligns strongly with the concepts of adaptive
management, by targeting policies or options
that are robust rather than optimal.
• The review has considered the strengths and
weakness of the approach for adaptation. The
key strength is the quantitative analysis of
robustness, and the fact that the method can
be applied when future uncertainties are poorly
characterised or probabilistic information is
limited or unavailable. The approach can also
work with quantitative or economic data.

• The potential weaknesses of the formal
application relate to the high data and
resource needs (for quantitative information,
computing power, stakeholder engagement
and analysis) and the associated expert input
required. The data and scenario inputs can
also be somewhat subjective, influenced by
stakeholders’ perception. However, many of
these aspects can be overcome with informal
applications of the approach, particularly
when focused on climate uncertainty alone.
• Previous applications of ROA for adaptation
have been reviewed, and adaptation case
studies are summarised. Most of the recent
adaptation applications have focused on
water management, and these include both
formal and informal examples.
• The review and case studies provide useful
information on the types of adaptation
problem types where RDM might be
appropriate, as well as data needs, resource
requirements and good practice lessons.
RDM is particularly applicable under
situations of high uncertainty, where
probabilistic information is low or missing. The
approach can use physical or economic
information, thus it has broad applicability
from detailed economic appraisal through to
the consideration of non-market sectors
where valuation may be challenging. It has
high potential for identifying low and no regret
options, and near-term adaptation strategies
that enhance long-term resilience.
• Ideally the approach should be used to
consider multiple sources of uncertainty, but
this increases the resources needed. The
application to climate change uncertainty
alone therefore provides a ‘lighter-touch’
approach to test options for climate
robustness. In such applications, the larger
the climate uncertainties explored, the better.
Where resource constraints are high, such
exercises can prove valuable for helping to
identify robust solutions and move towards
adaptive management.

Robust Decision Making
Introduction

Description of the Method

There is increasing policy interest in the appraisal
of options, as adaptation moves from theory to
practice. At the same time, it is recognised that
the appraisal of climate change adaptation
involves a number of major challenges,
particularly the consideration of uncertainty. In
response, a number of existing and new decision
support tools are being considered for adaptation.

Robust Decision Making (RDM) is a decision
support tool that can be used in situations of
deep uncertainty. RDM is premised on the
concept of “robustness” rather than “optimality”.
The approach was developed to help
policymakers make more informed near-term
decisions which have long-term consequences.

The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
looking at adaptation decision support tools, in
line with its objectives to advance the analysis of
impacts, vulnerability and adaptation, and to
promote knowledge sharing through a
MEDIATION Adaptation Platform (http://www.
mediation-project.eu/platform/). To complement
the information on the Platform, a series of Policy
Briefing Notes have been produced on Decision
Support Methods for Climate Change Adaptation.
An overview of all the decision support tools
reviewed is provided in Policy Briefing Note 1:
Method Overview, which summarises each
method, discusses the potential relevance for
adaptation and provides guidance on their
potential applicability. The methods considered
include existing appraisal tools (cost-benefit
analysis, cost-effectiveness analysis and multicriteria analysis), as well as techniques that more
fully address uncertainty (real options analysis,
robust decision making, portfolio analysis and
iterative risk (adaptive) management). It also
includes complementary tools that can assist in
adaptation assessment, including analytical
hierarchic processes, social network analysis
and adaptation turning points. Additional
information on each method is presented in a
separate Policy Briefing Notes (2 – 10).
This Policy Brief (Note 3) provides a summary of
robust decision making. It provides a brief
synthesis of the approach, its strengths and
weaknesses, the relevance for adaptation, how it
considers uncertainty, and presents case study
examples. It is stressed that this note only
provides an overview: more detailed information
is available in MEDIATION deliverables, and
sources and links on the MEDIATION Adaptation
Platform.

RDM involves testing near-term strategies
across a large number of plausible future states.
The primary aim is to help policymakers
anticipate or mitigate the negative impacts of
possible future surprises resulting from the
interaction of factors (exogenous uncertainties)
outside of their control, with measures that are
within their control. This is described as decision
making under situations of deep uncertainty, i.e.
when little or no probabilistic information is
available.
The approach can be applied when traditional
risk information (e.g. well-defined probability
distributions) is not available, when there is no
agreement on the conceptual models to use, or
how to evaluate the desirability of alternative
outcomes. RDM aims to help decision makers to
take robust or resilient decisions today, despite
imperfect and uncertain information about the
future.
RDM has developed as an analytic, scenariobased approach for strategic decision-making.
The formal application of the approach involves
the combination of both qualitative and
quantitative information through a human and
computer-guided modelling interface (Lempert et
al, 2003: Groves and Lempert, 2007). This
powerful combination surpasses the analytical
power of traditional qualitative and quantitative
decision support tools. This computer based
analysis allows RDM to evaluate how different
strategies perform under large ensembles, often
of thousands or millions of runs, which reflect
different plausible future conditions (Lempert et
al, 2003). Iterative and interactive techniques are
then applied to “stress test” different strategies,
identifying potential vulnerabilities or
weaknesses of proposed approaches (Dessai et
al., 2009). The formal application of the approach
is characterised by the use of data mining
algorithms which carry out vulnerability-and-
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response-option analysis (Groves and Lempert,
2007).
The formal application of RDM involves a series
of steps, set out in Figure 1 below (Groves et al.,
2008). RDM analysis begins by structuring the
problem, but instead of characterising key
uncertainties (or more accurately, risks) as a
prelude to optimally ranking strategies, the
analysis proposes alternative strategies.
Uncertainties associated with the parameters
defining these strategies are then characterised,
assigning a range of uncertainty values for each
variable using stakeholder consultation or other
approaches.
Each strategy is then assessed over a wide
range of (computer-generated) scenario futures.
Combinations of uncertainty parameters that are
most important to the choice between strategies
are statistically derived and a summary of key
trade-offs among promising strategies
developed (Groves et al, 2008).

performing strategy is not identified, the iterative
process of strategy reformulation begins again
with stakeholders.
The formal application of RDM tests many
strategies against computer-simulated future
scenarios, considering exogenous factors
(outside the decision maker’s control) and
policies or options (within their control), linking
these with functional relationships, and
assessing strategies against the performance
measures in quantitative terms. The former
method involves application of statistical or datamining algorithms.

The Application to Adaptation
RDM has many attributes that align with the
concept of adaptive management (Lempert and
Groves, 2010) and the approach has been widely
recommended for adaptation. The MEDIATION
project has reviewed this potential application.
RDM seeks strategies (or policies or options) that
are robust (‘good enough’). It therefore offers an
alternative to a conventional cost-benefit
analysis, which identifies optimal options on the
basis of economic efficiency (in the case of
climate change adaptation, using impact
assessment in a predict-then-optimise
framework).

Source: Groves et al., 2008

It provides an alternative tool for decisionsupport which incorporates uncertainty explicitly,
minimising regret (in contrast to maximising
expected utility), and can play a role in
translating the theoretical concepts of adaptive
management into quantitative actions, by
selecting options that are robust across a widerange of plausible (climate) futures. This is
particularly valuable in cases where the climate
model projections are highly uncertain, as is
the case for precipitation changes (see briefing
note 1.).

The analysis of strategies across the scenario
futures is measured with performance measures,
which are used to measure pre-selected,
desirable outcomes. Ideally, an RDM analysis
helps to identify a robust strategy – one that
performs well over a very wide range of scenario
futures. In the event that a robust, well

The formal application of the approach can also
be used to consider wider uncertainty (e.g. in
relation to socio-economic future, impact
uncertainty) and thus is a potential powerful tool
for full uncertainty analysis. The formal approach
can also be used with interim performance
(measurement) review or evaluation, which aligns

Figure 1. The RDM process

2

Robust Decision Making
it more closely to the iterative adaptation
management concepts of monitoring, research,
evaluation and learning. The informal application
for adaptation focuses on analysing climate
uncertainty only, i.e. surrounding climate model
projections or climate information.

Strengths and Weaknesses
A key part of the MEDIATION project has been to
identify the strengths and weaknesses of
different approaches. A summary of these is
presented below.
The main strength of the approach is that it helps
make informed adaptation decisions possible
without relying on probabilistic predictions of
future climate change. Indeed, it is particularly
valuable where future uncertainties are poorly
characterised and/or probabilistic information is
limited or not available.
In such cases RDM provides a structured way of
assessing performance and identifying robust
options in the face of uncertainty, which
conventional approaches do not allow. The
formal method provides the analytical power to
test many strategies and sources of uncertainty
and identify trade-offs, synergies and robust
decisions.
The approach can assess robustness (i.e.
performance) using various metrics, including
physical effectiveness or economic efficiency. It
therefore offers greater flexibility in assessing
market and non-market sectors, and can avoid

valuation of benefits enhancing applicability
where valuation is difficult or contentious (e.g.
ecosystems).
The potential weaknesses relate to the lack of
quantitative probabilities associated with
scenarios, which can make the analysis a more
subjective decision, influenced by stakeholders’
perceptions.
The (formal) application of the approach also
involves very high demands for quantitative
information and computing power for modelling
and analysis, and requires high expert input.
Some of these aspects can be overcome by
more informal applications of the approach,
particularly when limited to the analysis of
robustness against climate model projections,
though this then negates the benefits of
considering wider uncertainty and identifying
comprehensive robustness (and a result, key
vulnerabilities (particularly those that accumulate
or are cumulative) may go undetected.

Case Studies
The MEDIATION study has reviewed existing
literature examples that have applied Robust
Decision Making to a number of adaptation case
studies.
A number of these case studies are summarised
in the box below, including an example of one
formal and one informal application.

Key strengths

Potential weaknesses

The strength of the RDM lies in the analytical
power of testing many options or strategies and
in the identification of robustness.

The lack of quantitative probabilities can make it
more subjective, influenced by stakeholders’
perceptions.

Applicable under situations of uncertainty, where
probabilistic information is low or missing, or
climate uncertainty is high.

The formal application has a high demand for
quantitative information, computing power, and
requires a high degree of expert knowledge.

Can work with physical or economic metrics,
enhancing potential for application across nonmarket sectors.
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Box 1. Formal Application of Robust Decision Making to Adaptation
A comprehensive, formal application of RDM was undertaken by Lempert and Groves (2010) for
Southern California’s Riverside County Inland Empire Utilities Agency (IEUA).
This study examined how climate change might affect IEUA’s 2005 Urban Water Management Plan
(UWMP), a static 25 year plan to meet projected demand based on central projections of supply and
demand, looking at uncertainty related to climate change and also the region’s growth and socioeconomic development trends using RDM.
The analysis followed the step by step process outlined earlier, i.e.:
In collaboration with IEUA stakeholders, it selected key performance measures (e.g. annual water
demand, cost of supply, etc.) and then developed alternative management strategies. The latter
included static strategies considering existing and augmented IEUA 2005 plans, as well as adaptive
strategies based on a decision-tree framework within a Water Evaluation And Planning (WEAP) model
environment (a water balance and management model).
The study then identified significant uncertainties. These included six key areas:
1.
2.
3.
4.

Future climate change (temperature, precipitation);
Future water demand;
Impact of climate change on imported supplies;
Response of groundwater basin to urbanisation and changes in precipitation patterns
(percolation);
5. Achievement of management strategies (recycling program and groundwater replenishment);
6. Future costs (annual cost increases in imported supplies and efficiency).
The strategies’ performance across scenario futures and uncertainties was modelled using WEAP,
starting with the original strategy, and working through a succession of 5-year signpost periods. The
signposts evaluated the average difference between projected supply and demand to determine if
the strategy should adopt an alternative course of actions, i.e. adopting an iterative approach.

The outputs were then input into the Computer Assisted Reasoning (CARs) program and analysed to
determine the relative performance of various strategies over time. Performance was measured using
projected present value (PV) costs in USD billions against PV shortage costs.
Based on the results of the CARs analysis, key trade-offs between the various strategies were
summarised and robust alternative strategies recommended for consideration by stakeholders.
The analysis highlighted that a number of uncertainties would increase operating costs significantly
(large declines in precipitation, larger-than-expected impacts of climate change on the availability of
imported supplies and, reductions in percolation of precipitation into the region’s groundwater basin).
In response, RDM analysis identified eight response strategies, four static and four adaptive. In each
of the scenarios explored, it was found that the adaptive strategy leads to fewer vulnerable states
than the static version.
The findings also showed that accelerating efforts in expanding the size of one of the agency’s
groundwater banking programs and implementing its recycling program, while monitoring the
region’s supply and demand balance and making additional investments in efficiency and stormwater capture if shortages are projected provides a promising robust adaptive strategy — and
eliminates more than 80% of the initially-identified high-cost outcomes.

4

Robust Decision Making
Case Study 2: Robust Decision Making for Climate Uncertainty
Dessai and Hulme (2007) present an example of the application for RDM to look at climate
uncertainty for water supply in one of the driest regions in England, the East Suffolk and Essex
(ES&S) Water Resource Zone (WRZ).
This area is vulnerable to future climate change, and a potential drying signal, with potential impacts
on water security, as measured by the average available headroom (the difference between water
available for use and demand) relative to target headroom (the minimum buffer allowed between
supply and demand).
The analysis focused on the implications of uncertainty from climate change on proposed adaptation
actions at a local/regional level, focusing in on water resource supply (not demand), and assessing
the robustness of the existing 25 year plan (which had already built in adaptation to climate change
using ensemble mean projections for alternative emission scenarios). The aim was to systematically
assess the plan against the range of climate change projections and other uncertain parameters. The
study included stakeholder consultation with local water managers.
The analysis focused particularly on isolating the threat that uncertain climate related parameters
posed to supply-side security. They considered a series of climate uncertainties, including GHG
emissions, climate sensitivity, carbon cycle, ocean diffusivity, aerosol forcing, regional climate
response and climate impacts, looking at the potential effects one at a time (rather than in
combination as in formal RDM and the previous case study, where interactions between
uncertainties are explored).
This allowed quantification of the uncertainty introduced by the parameters sampled in the
assessment. In turn, this was used to analysis whether the existing adaptation options identified
were robust to the range of climate uncertainties.
Overall the findings indicated that the existing water plan was robust, primarily because it had
already built in climate change considerations using one of the drier climate models available at the
time of plan development. The analysis also strongly indicated that the largest uncertainty introduced
into adaptation planning came from the regional climate response.
Some additional analysis was undertaken to look at the potential interaction of different factors, i.e.
the cumulative uncertainty. This highlighted that under extreme conditions, further investments would
be needed.
The analysis did not take into account the uncertainty around other factors, such as from the loss of
groundwater supplies due to pollution, borehole deterioration, leakage, etc. which are important in
looking at overall robustness, but it provides an useful case study into the consideration of climate
robustness.
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Discussion and Applicability
The review and case studies provide a number of
practical lessons on the application of robust
decision making to adaptation. They provide
useful information on the types of adaptation
problem types where RDM might be appropriate,
as well as data needs, resource requirements
and good practice.
RDM is particularly applicable under situations of
high uncertainty, where probabilistic information
is low or missing.
This is reflected in its use for water resource
studies, where the uncertainty is often large
(even in terms of the sign of future precipitation
changes) from the climate models, combined
with other major uncertainties in relation to
supply and demand.
The RDM approach can use physical or
economic information, that it has broad
applicability from detailed economic appraisal
through to the consideration of non-market
sectors where valuation may be challenging. The
potential for stakeholder inputs also allows
application where quantitative information is low.
RDM has a particular application in identifying
low and no regret options, i.e. in relation to nearterm adaptation strategies that are also likely to
enhance long-term resilience (through the
analysis of robustness). Indeed, the case studies
highlight that these low regret options often
emerge from the application. It also has potential
to consider how near-term infrastructure
investment performs against long-term future
(uncertain) scenarios.
Ideally the approach is used to consider multiple
sources of uncertainty, not just climate change,
but this does increase the level of analysis, and
the formal approach (using computer interfaces)
is technically complex and data and resource
intensive, requiring a high degree of expert
knowledge.
The application to climate change alone
therefore provides a ‘light-touch’ and enables the
testing of options against climate uncertainty.
In such applications, which reduce the approach
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into quantitative scenario testing, the greater the
degree of climate model uncertainty explored,
the better (i.e. multi-model and multi-scenario
analysis, including issue of downscaling, and
including variability as well as trends). Where
resource constraints are high, such exercises
can prove valuable for helping to identify more
robust solutions and moving towards adaptive
management under high uncertainty.

Robust Decision Making
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Key Messages
• There is increasing interest in the appraisal of
options, as adaptation moves from theory to
practice. In response, a number of existing
and new decision support tools are being
considered, including methods that address
uncertainty.

• The application to adaptation has often used
dynamic programming, which is an extension
of decision-tree analysis. This defines
possible outcomes and decision points, and
assigns probabilities and estimates expected
values.

• The FP7 MEDIATION project has undertaken a
detailed review of these tools, and has tested
them in a series of case studies. It has
assessed their applicability for adaptation and
analysed how they consider uncertainty. The
findings have been used to provide
information and guidance for the MEDIATION
Adaptation Platform and are summarised in a
set of policy briefing notes.

• The review has considered the strengths and
weakness of ROA for adaptation. The key
strength of the approach is the information it
provides on large investment decisions,
allowing economic analysis of the benefits of
information and flexibility under conditions of
uncertainty. The use of decision trees also
provides a useful way to visualise the context
of adaptive management. The main
disadvantage relates to the complexity of the
formal economic approach, which is likely to
need expert application and significant
resources, and the need to input probabilities
and multiple risk points for climate change.

• One of the tools recommended for adaptation
is Real Options Analysis (ROA). Options
analysis derives from the financial markets,
where it has been used to assess the
valuation of financial options and risk transfer.
The same insights are also useful when there
is risk or uncertainty involved with investment
in physical assets, hence ‘real’ options
• Real Options Analysis quantifies the
investment risk associated with uncertain
future outcomes. It is particularly useful when
considering the value of flexibility of
investments. This includes the flexibility over
the timing of the capital investment, but also
the flexibility to adjust the investment as it
progresses over time, i.e. allowing a project to
adapt, expand or scale-back in response to
unfolding events. The approach can therefore
assess whether it is better to invest now or to
wait – or whether it is better to invest in
options that offer greater flexibility in the
future.
• ROA has considerable potential for
adaptation, and aligns with the concepts of
iterative adaptive (risk) management,
providing a means to undertake economic
appraisal of future option values the value of
information and learning, and the value of
flexibility, under conditions of uncertainty. It
can therefore justify options (or decisions) that
would not be taken forward under a
conventional economic analysis.

• Previous applications of ROA for adaptation
have been reviewed, and adaptation case
studies are summarised. The majority of
applications to date have been for large
coastal protection projects, though there is
also an application for large water projects.
• The review and case studies provide useful
information on the types of adaptation
problem types where ROA might be
appropriate, as well as data needs, resource
requirements and good practice lessons. This
identifies that ROA is most useful for large
capital investments (project level), especially
where there is a large adaptation deficit or a
significant potential for learning or flexibility. It
also requires good quality data on climate
risks and cost/benefit components. Given the
high resource requirements, the review also
identifies the potential for more informal
application of ROA, e.g. through the use of
decision trees and more qualitative analysis of
information and flexibility.

Real Options Analysis
Introduction

Description of the Method

There is increasing policy interest in the appraisal
of options, as adaptation moves from theory to
practice. At the same time, it is recognised that
the appraisal of climate change adaptation
involves a number of major challenges,
particularly the consideration of uncertainty. In
response, a number of existing and new decision
support tools are being considered for adaptation.

The concepts of real options analysis lie
originally in the financial markets. A financial
option gives the investor the right, but not the
obligation, to acquire a financial asset in the
future, allowing them to observe how market
conditions play out before deciding whether to
exercise the option. This transfers risk from the
buyer to the seller, making the option a valuable
commodity. Options analysis quantifies this value
based on how much such a risk transfer is worth
(Black and Scholes, 1973).

The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
looking at adaptation decision support tools, in
line with its objectives to advance the analysis of
impacts, vulnerability and adaptation, and to
promote knowledge sharing through a
MEDIATION Adaptation Platform (http://www.
mediation-project.eu/platform/). To complement
the information on the Platform, a series of Policy
Briefing Notes have been produced on Decision
Support Methods for Climate Change Adaptation.
An overview of all the decision support tools
reviewed is provided in Policy Briefing Note 1:
Method Overview, which summarises each
method, discusses the potential relevance for
adaptation and provides guidance on their
potential applicability. The methods considered
include existing appraisal tools (cost-benefit
analysis, cost-effectiveness analysis and multicriteria analysis), as well as techniques that more
fully address uncertainty (real options analysis,
robust decision making, portfolio analysis and
iterative risk (adaptive) management). It also
includes complementary tools that can assist in
adaptation assessment, including analytical
hierarchic processes, social network analysis
and adaptation turning points. Additional
information on each method is presented in a
separate Policy Briefing Notes (2 – 10).
This Policy Brief (Note 3) provides a summary of
real options analysis. It provides a brief
synthesis of the approach, its strengths and
weaknesses, the relevance for adaptation, how it
considers uncertainty, and presents case study
examples. It is stressed that this note only
provides an overview: more detailed information
is available in MEDIATION deliverables, and
sources and links on the MEDIATION Adaptation
Platform.

The same insights are also useful for investment
in physical assets (hence ‘real’ options), in cases
where there is risk/uncertainty (McDonald and
Siegel, 1986). Real options analysis (ROA)
quantifies the investment risk associated with
uncertain future outcomes. It is particularly useful
when considering the value of flexibility of
investments. This might be for example flexibility
over the timing of the original capital investment,
or the flexibility to adjust the investment as it
progresses over a number of stages, allowing
decision-makers to adapt, expand or scale-back
the project in response to unfolding events.
ROA typically gives two types of result that set it
apart from traditional economic analysis. The
first affects projects that are cost-efficient under
a deterministic analysis. ROA shows that
sometimes it makes more sense to wait for the
outcome of new information, rather than
investing immediately. Conversely, the second
type of result affects projects which may fail a
deterministic test of cost-efficiency. Under
conditions of uncertainty, it may make financial
sense to start the initial stages of the project
where these are needed to keep the overall
project alive, in case its fortunes change at a
later date and it starts to look like an attractive
investment option.
ROA has been applied quite widely in the energy
sector, including analysis of mitigation options,
and there are examples in the literature looking
at the uncertainty of investment under climate
change policy (e.g. Hlouskova et al. 2005: Fuss
et al, 2009; Szolgayova et al 2011). As further
examples, Rothwell (2006) examined returns on
investment in nuclear plant with uncertainty over
carbon prices, while Laurikka and Koljonen

1

Decision
Support

4

(2006) looked at investment uncertainty with
future emissions trading.

cumulative lost value of these benefits during the
waiting time exceeds the value of waiting.

Such studies show that ROA can provide useful
information to help decisions in cases of three
key conditions:

However, projects are usually more complex than
a simple one-off investment, and ROA can add
to the understanding of how project value
evolves during the various stages of project
development.

• First, the investment decision is irreversible
once taken;
• Second, the decision-maker has some
flexibility when to carry out the investment
(either in a single step, or in stages);
• Third, the decision-maker faces uncertain
conditions and by waiting to invest they are
able to gain new valuable information
regarding the success of the investment.
The formal application of the approach (e.g. Dixit
and Pindyck, 1994) is rather complex, but the
intuition of the method can be described
relatively easily.
For a simple one-off investment opportunity
which faces uncertain outcomes, it may be worth
waiting to invest at a later date when more
information is gained about the likelihood of
different outcomes. Waiting can help the
decision-maker to avoid costly mistakes by
allowing them to decide not to proceed with an
investment if they find themselves facing poor
investment conditions.
For waiting to be worthwhile, the decision-maker
must reasonably expect to gain valuable
information. The value of waiting will then be
higher (lower) if:
• The degree of uncertainty regarding the costeffectiveness of the project is greater (smaller)
• The duration of the period of waiting before
information is gained is shorter (longer)
The value of waiting needs to be balanced
against the cost of waiting (see box), because
during the period of waiting, the project will not
be delivering the goods, services or other
benefits it set out to achieve.
ROA therefore provides decision-makers with a
new investment criterion that takes account of
uncertainty. Projects should proceed if the
project overall seems cost-efficient and if the
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There will often be flexibility to adapt the project
as it proceeds through these stages, for example
to expand, contract, or even stop the project
altogether if it appears unlikely to be successful.
Standard economic appraisal normally assesses
the performance of the project over its whole
lifecycle without taking account of the value of
this flexibility. Averaging the outcomes across
multiple scenarios will tend to undervalue
projects, because it does not take account of the
ways in which projects can be adapted to adjust
as these various scenarios arise over time. The
advantage of ROA is that it can incorporate the
value of this flexibility, and can therefore lead to
better decision making (HMT, 2007).
ROA can be carried out in a variety of ways. The
most relevant to adaptation is an approach
called dynamic programming which is essentially
an extension of decision-tree analysis. This
defines possible outcomes, and assigns
probabilities to these.
The decision-tree defines how a decision-maker
responds to resolution of uncertainty at each
branching point in the tree. Quantifying the value
of these decision options then proceeds by
assessing all the branches. ROA calculates
option value based on the expected value over
all branches contingent on making the optimal
choice being taken at each decision-point.
The optimal decision in turn is evaluated based
on all the possible outcomes downstream of that
decision in the tree. This ROA value can be
compared to a normal economic (cost-benefit)
calculation that would simply be a probabilityweighted average of the outcomes along each
possible branch in the tree.

Real Options Analysis
Box 1: The Concepts of Real Options Analysis
The example below shows a simplified investment example, showing the expected gross margin
over time, with annuitized capital costs shown as a blue shaded area. Uncertainty is represented as
an anticipated shock or an information event that occurs in the future (Tp) which will affect the
project’s cash flow either adversely (the red line) or favourably (the green line). In case A (top) – the
normal positive NPV criterion – a decision has to be made at time t=0 on whether or not to invest. In
this case, there is not the option to wait. The expected ‘best guess’ (the central orange line) is the
average of the upper and lower estimate of the outcome of the price shock, noting in this case, risks
are symmetrical, and cancel out such that the expected value of project will continue to be profitable
(and thus the decision maker should proceed with the investment). In Case B (bottom), there is the
opportunity to wait until time Tp before making the investment. This allows it to avoid the potential
loss that might occur if conditions turn out worse than expected (the red dashed area), but this must
be traded off against the opportunity costs of waiting (the orange dashed area).
Case A:
“Now or never” investment option at t=0

Case B:
Option to wait until after t=Tp, the expected time
of policy change that affects the investment

The associated decision tree for this example is shown below. The ‘risk event’ represents an event in
which a variable which was previously uncertain is resolved. In this example, there are only two
equivalent outcomes, a high revenue scenario and a low revenue scenario, noting in practice, there
may be many outcomes, with different probabilities.

To make a direct comparison between the ‘invest now’ and the ‘wait’ options, the expected net
returns (the probability weighted mean) is expressed in present value terms, since the decisionmaker needs to compare the relative value of the two options in the current time period of the
decision. Under the ‘invest now’ branch, the expected net return in present value terms is €25m,
since revenue starts to flow immediately. Under the ‘wait’ branch, the expected net returns of
€37.5m needs to be discounted. If the duration of the wait was 3 years, and a discount rate of 7% is
used, then the present value would be €30.6m. In this case, the decision-maker would better off
waiting. If the duration of the wait was 8 years, at 7% discount rate, the present value of the
investment option would be €22m, so the decision-maker in this case would be better off to invest
immediately, and take the future downside risk when it occurs.
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The Application to Adaptation
ROA has been widely cited as a possible
decision support tool for adaptation as it aligns
closely with the concept of iterative decision
making. The MEDIATION project has reviewed
the application of ROA to adaptation.

when there is an existing adaptation deficit that
the immediate investment can reduce, such as
current flood risks. It is also relevant to
adaptation in situations where projects proceed
on a similar timescale over which information will
be gained about likely climate impacts (and
therefore benefits of different project options).

A key value of ROA is that it provides an
economic analysis of investing now versus
waiting, and the economic value of flexibility,
which allows a comparison of the additional
marginal cost (or lower initial benefits) of added
flexibility and future learning.

However, the framework will tend to suggest that
there is value in delaying projects that are
focussed on long-term benefits with highly
uncertain outcomes, given the expectation of
valuable information arising over coming years
and decades regarding climate impacts.

ROA can also be used to support initial enabling
steps to help secure projects for future
development, even if they are not expected to be
cost-efficient on the basis of traditional, static
CBA/CEA appraisal.

The approach is most relevant to large, capital
intensive investments such as dyke flood
protection or dam-based water storage.
Capacity building, no-regret or soft options are
generally only likely to be evaluated in ROA to
the extent they are necessary initial steps in
keeping open possible future investment options.

In considering the application to adaptation, the
ROA investment framework is most likely to be
supportive of projects that have some
combination of substantial near-term benefits,
and the ability to scale-up or down in line with
learning regarding potential upside benefits or
downside risks. This will be the case for example

The theoretical basis for the application to
adaptation has been outlined (e.g. HMT, 2009)
but the application to real world decisions is
complex (see box).

Box 2: Moving to practical applications of real option analysis
An example of how complex real option analysis can be in practice is demonstrated with the study of
Jeuland and Whittington (2013), who applied real option analysis for a water resource planning case
study in Ethiopia along the Blue Nile, looking at the planning of new water resources infrastructure
investments (for five large dams, each with different relative characteristics) and their operating
strategies in a world of climate change uncertainty. Their analysis considered flexibility in design and
operating decisions over the selection, sizing, and sequencing of new dams, as well as reservoir
operating rules, using a simulation model that included linkages between climate change and system
hydrology, with testing of the economic outcomes of investments in new dams.
This required three linked models for stochastic runoff generation, hydrological routing, and Monte
Carlo simulation of economic outcomes for the different project alternatives (looking at 7,350
simulation experiments comprised of 350 planning alternatives × 7 runoff scenarios × 3 water
withdrawal assumptions). For each of these a separate hundred-year sequences of stochastic
inflows were passed through the system. The 100 resulting sets of physical outcomes were then
used as inputs to a cost-benefit model in which 5,000 Monte Carlo trials were applied to yield
distributions of net present value (NPV) for each experiment. The results indicated that there was no
single investment plan that performed best across a range of plausible future climate conditions. The
value of the real options framework was its use in identifying dam configurations that were both
robust to poor outcomes and sufficiently flexible to capture high upside benefits should favourable
future climate and hydrological conditions arise.
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Real Options Analysis
Strengths and Weaknesses
A key part of the MEDIATION project has been to
identify the strengths and weaknesses of
different approaches. A summary of some of the
key strengths and weakness of the approach is
presented below.
The key strength of ROA is the information it
provides on major investment decisions,
providing a way to assess in quantitative and
economic terms the relative benefits of
implementing now versus waiting, and so
incorporating uncertainty into the heart of the
analysis.
It also provides a way to value the economic
benefits of flexibility, i.e. to allow an economic
appraisal of whether the additional marginal cost
of this flexibility (or the lower early benefits from
a more flexible project) are offset by the option
value for future learning, i.e. for uncertainty
resolution. The decision trees used in the method
also provide a way to conceptualise the context
of adaptive management – indeed this is
probably a significant strength of the approach
and the transferability for wider application.

probability is defined, rather than uncertainty,
where it is impossible to attach probabilities to
outcomes (see HMT, 2007).
The approach also requires quantitative
information and valuation of all elements of costs
and benefits, which may limit the approach to
sectors that have non-market components.
Since such probabilistic data is not yet available,
and quantitative impact data is limited in many
sectors, the scope for the practical application of
ROA is more limited than often thought.
There is also a need to consider multiple risk
points for climate change, and define these in a
way that match to the available climate
information (e.g. climate averaging periods).
Finally, the complexity of the formal economic
approach is likely to require expert application
and involves significant resources.
However, many of these issues can be
addressed through a more informal application of
ROA, e.g. through the use of decision trees and
more qualitative analysis of information and
flexibility.

Case Studies

The potential weaknesses relate to the need to
define probabilities in the decision-tree, which
may narrow the potential application of the
technique, noting the poorer the estimates of
probability, the less accurate will be the results.
Strictly speaking ROA considers risk, where

The MEDIATION study has reviewed existing
literature examples that have applied ROA to a
number of adaptation case studies. A number of
these case studies are summarised in the box
below.

Key strengths

Potential weaknesses

Quantitative and economic analysis of the value
of flexibility, learning and iterative adaptive
management.

Data and resource intensive, with high
complexity often requiring expert input. Data
constraints a potential barrier, especially the
need for probabilistic climate information and
quantitative impact data.

Decision trees provide a useful and
understandable way to conceptualise and
visualise the concept of adaptive management
and to frame analysis.
Potential for informal application of ROA, e.g.
through the use of decision trees and more
qualitative analysis of information and flexibility.

Requirement for quantitative and economic
information on costs and benefits likely to limit
for non-market sectors or elements.
Identification of decision points complex for
(dynamic) aspects of climate change, and need
to match these decision points to equivalent
climate data.
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Case Study 1: Real Options Analysis – Generic Guidance
The practical application of ROA to adaptation is limited, with only a few examples to date.
HMT (2009) provides a simplified theoretical example, which is incorporated into supplementary
Government guidance on economic appraisal for adaptation. This recognises that there may be
activities (or options) with the flexibility to upgrade in the future, and that these provide an option to
deal with more (or less) severe climate change in light of information from learning or research. It
presents an example using sea wall defence and sets out the use of decision trees to understand the
sequence of actions and decision points. Similar to the simplified example above, it uses two
alternative options: investing now in a large sea wall defence versus investing a wall which has the
potential to be upgraded in the future. The NPV of these investments is assessed under low and high
future sea level rise scenarios (hypothetical), estimating the expected value and assuming equal
chance of low and high climate change. The analysis can therefore compare a standard investment
against an upgradeable wall, the latter with the flexibility to be upgraded in the future if higher levels
of sea level rise emerge.
In the example, the standard wall costs 75, and has benefits of 100 from avoided flooding. The
upgradeable wall costs 50, the upgrade costs 50 and would give benefits of 200 from avoided
flooding. For the standard investment, the NPV is -25 (=0.5*25 + 0.5*-75), which suggests the
investment should not proceed. For the upgradable wall, then an extended decision tree is
considered. If the impacts of climate change are high enough to warrant upgrading, then the value of
the investment is 120. If the impacts are low, then upgrading is not justified as the payoff is negative
(-40), but since the investment costs of the upgrade are not needed in practice in the low outcome,
they are not incorporated into the NPV. The expected value of investing now with the option to
upgrade in the future is therefore +10 (=0.5*(120) – 50). Comparing the two options shows an NPV of
-25 for the standard wall, and +10 for the flexible wall, thus flexibility to upgrade in the future is
reflected in the higher NPV, and switches the investment decision.

This
figure
redrawn!

0.5

High climate change impacts. Payoff: 100–75 = 25

0.5

Low climate change impacts. Payoff: 0–75 = –75

Invest in wall

Upgrade. Payoff:
0.8*(200–50) = 120
0.5
Invest in
upgradeable
wall

0.5

High climate
change impacts
Low climate
change impacts

Do not upgrade. Payoff: 0
Upgrade. Payoff:
0.8*(0–50) = –40
Do not upgrade. Payoff: 0

Source HMT (2009).

In practice, this example does not reflect the complexity or challenges involved with real world
decisions, e.g. the complex uncertainty over sea level rise scenarios (including changes in storm
surge risks), the level of detail on costs and the quantitative and economic analysis of benefits.
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Real Options Analysis
Case Study 2: Real Options Guidance – Moving to Practice
The previous example is relatively straightforward to solve because: only four investment options are
considered, either invest in a standard/upgradeable wall, with one sequential decision to upgrade;
there are only two decision points, i.e.: at t0, and at the upgrading moment; only two possible
uncertain future states of the world can be realised, either ‘high’, or ‘low’ climate change impacts;
the timing of learning is known; and at this time, uncertainty is fully resolved. A more realistic case
study looking at the optimal dike height under uncertainty with learning about climate change
impacts is therefore presented below.
Dike heightening is expensive, and economically efficient investment is therefore important. Van
Dantzig (1956) described that dike investment is a cost minimisation problem, after a large flooding in
the Netherlands in 1953. In essence, higher dikes reduce expected damage costs, but investment
costs increase exponentially with dike height. A balance has to be found between expected
damages and costs of dike construction over time, noting decisions on dike height are recurrent for a
number of reasons (e.g. economic growth, climate change impacts on water levels, or soil
subsidence). On the one hand, it is not optimal to build a dike once and for all because that would
result in excessive investment costs with only little benefits. On the other hand, dike heightening, like
most large investment, has fixed costs, and therefore, yearly investment is not optimal but rather a
solution where a dike is revised at longer time intervals, for example, half a century.
Crucial to determine optimal dike height over time are water level observations. With these
observations return periods of different water levels can be estimated. Water defences protecting
land from large-scale flooding events typically offer protection against events with long return
periods (e.g. 10000 years or even more), but these events are extremely rare, though they will
become less rare in the future due to climate change.
With climate change, sea levels are expected to rise, and peak river discharges are expected to
increase. These future scenarios have been projected, but are insufficient to be valuable for a costbenefit approach, as they require information on possible future states of the world and also
probabilities of these states. In the Bayesian literature these probabilities are called informed priors,
or subjective probabilities. So far, subjective probability distributions are lacking for the rate of sea
level rise or the increase in peak discharges although that it is clear to some scenarios are much less
likely than others. A second problem is that we poorly understand how / what / when we will learn
about climate change impacts. Some sources of uncertainty are likely to be reduced: water level
observations will grow, reducing statistical uncertainty, and model structure uncertainty is likely to be
reduced over time with research. If we know that better information will be available in the future, this
may have implications for current dike heightening decisions. As explained previously, information
has expected value: once we know better dike heightening strategy can be adapted to reduce total
expected costs.
Nonetheless, with some prior distribution about the rate of the structural water level increase, that is
the speed with which the relative water level is structurally increasing, and assumptions about the
learning process, it is possible to investigate the problem of optimal dike height, and how valuable it
is to obtain better knowledge on climate change impacts for the dike heightening problem: that is the
expected costs savings that can be obtained by anticipating new information, and by changing the
dike heightening strategy once information has been received. Furthermore, early information is more
valuable than late information because future costs are discounted. For this case study, we introduce
a special case of learning: perfect learning, which we assume to be a probabilistic event following a
survival model. The decision variable is the dike increment , ut, the amount with which the dike is
heightened, at any time t. The problem is discretised in small time steps , tk, and the decision space
is discretised as well, utk, E{0, ∆u, 2∆ u ,.., umax}. The left panel of Fig.1 shows a decision tree with
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the various trajectories of dike heightening over time. The right panel in Fig.1 shows an event tree: at
every time step it is possible that perfect information is received on the rate of the structural water
level increase. Once perfect information has been received, we are back to an original deterministic
problem setting, which has been studied by Eijgenraam et al. (2012).

Learn
Learn
No learning

height

time

..
..
..
..

ݐ

ݐଵ

No learning
time

Figure 1: Dike height decisions over time graphically illustrated (left panel), and event tree showing probabilistic learning
(right panel).

The above problem is solved with dynamic programming. The procedure is similar to the previous
example: for every probability weighted state expected costs are calculated, and the optimal dike
heightening strategy is found with in a backward-forward procedure.
Case results indicate that current and short-term dike heightening decisions are weakly affected by
future learning. Perceptions about the likelihood of climate change impacts are very relevant for
current decision making. Optimal dike heightening strategies change significantly if different priors
for the rate of the structural water level increase are taken. The expected value of information can be
substantial.
For more information, see:
- van der Pol, T.D., van Ierland, E.C. and Weikard, H.-P. (2013) Optimal Dike Investments under
Uncertainty and Learning about Increasing Water Levels. Journal of Flood Risk Management (under
review)
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Real Options Analysis
Discussion and Applicability

costs and benefits makes the application to nonmarket sectors more challenging.

The review and case studies provide a number of
practical lessons on the application of real
options analysis to adaptation. They provide
useful information on the types of adaptation
problem types where ROA might be appropriate,
as well as data needs, resource requirements
and good practice.

Given the high resource requirements, the review
also identifies the potential for more informal
application of ROA, e.g. through the use of
decision trees and more qualitative analysis of
information and flexibility.

In summary, ROA is considered most useful for
project based investment analysis, for major
irreversible capital investment, particularly
where there is an existing adaptation deficit
(because this involves a trade-off between
acting now and waiting). It also has applications
such as the second case study, where there is
an existing maintenance backlog, and in cases
where there is the possibility of receiving new
information in the future. In general it is less
useful for new projects that address future
climate change, where benefits arise in the
long-term only, especially if these are highly
uncertain, because in such cases it will make
more sense to wait.
It also has the potential to assess flexible versus
conventional options, which is a particularly
important component of iterative risk
management. It can also be used to support
initial enabling steps to help secure projects for
future development, even if they are not
expected to be cost-efficient on the basis of
traditional, static CBA/CEA appraisal.
The application requires inputs related to
probability or probabilistic assumptions for
climate change and the identification of decision
points. It is therefore less applicable under
situations of (deep) uncertainty, where
probabilistic information is low or missing. For
such cases, alternative approaches, such as
robust optimisation, may be considered (see
briefing note 3). It also requires the analysis of
quantitative data on costs and benefits, the latter
which have to match to the decision trees and
outcomes: this usually requires a linked
modelling system or a large number of
assessments, coupled with some form of
sampling (e.g. Monte Carlo analysis). For this
reason, the resources and level of expert
knowledge needed to apply the approach are
high. The focus of the approach on economic
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Key Messages
• There is increasing interest in the appraisal of
options, as adaptation moves from theory to
practice. In response, a number of existing
and new decision support tools are being
considered, including methods that address
uncertainty.
• The FP7 MEDIATION project has undertaken a
detailed review of these tools, and has tested
them in a series of case studies. It has
assessed their applicability for adaptation and
analysed how they consider uncertainty. The
findings are including on the MEDIATION
Adaptation Platform and summarised in a set
of policy briefing notes.
• One of the tools recommended for adaptation
is Portfolio Analysis (PA).
• PA is a tool that helps in the design and
evaluation of portfolios, i.e. in selecting a set
of options which (together) are effective over a
range of possible future climates, rather than
a single option best suited to one possible
future.
• The approach allows the identification of
efficient portfolios, i.e. those that have the
highest possible expected return for a given
risk, or the lowest degree of risk for a given
rate of return. This then provides the investor
or decision maker with a choice of alternative
(efficient) portfolios, which they can choose
from based on their risk-return preferences.
• The approach has considerable potential for
addressing climate change uncertainty,
through the use of portfolios of options rather
than single solutions. It has a high resonance
with the concepts of iterative risk
management in its encouragement of
diversification (a key part of risk
management). The approach can be used
within an economic analytical framework and
can also assess portfolios in terms of nonmonetary (physical) effectiveness.
• The review has considered the strengths and
weakness of the approach for adaptation. The
main strength of portfolio analysis is that it
provides a structured way of addressing
(climate change) uncertainty through the

identification of suitable combinations of
options that – between them – reduce climate
impacts over the range of impact uncertainty,
expressing the effectiveness of alternative
portfolios in quantitative terms.
• This provides a way of managing uncertainty
that the analysis of individual adaptation
options does not allow. It can also assess
benefits in economic or physical terms,
allowing application in market and non-market
sectors.
• The potential disadvantages are that it is
resource intensive, requires a high degree of
expert knowledge, and relies on the
availability of quantitative data. The approach
also requires the use of probabilities, which
can prove challenging for the application to
climate change. The technique is obviously
not relevant when one option addresses the
full range of uncertainty in climate impacts.
• Previous applications of PA for adaptation
have been reviewed and a number of
adaptation case studies are summarised
which provide information on practical
applications.
• The review and case studies provide useful
information on the types of adaptation
problem types where PA might be
appropriate, as well as data needs, resource
requirements and good practice lessons.
• PA is a key tool for helping to identify and
analyse alternative portfolios of adaptation
options. It has a clear application in cases
where adaptation actions are likely to be
complementary in reducing climate risks.

Portfolio Analysis
Introduction

Description of the Method

There is increasing policy interest in the appraisal
of options, as adaptation moves from theory to
practice. At the same time, it is recognised that
the appraisal of climate change adaptation
involves a number of major challenges,
particularly the consideration of uncertainty in
the climate impacts addressed. In response, a
number of existing and new decision support
tools are being considered for adaptation.

Portfolio Analysis (PA) originated in the financial
markets as a way of utilising portfolios of assets
to maximise the return on investments, subject
to a given level of risk. The principle is that
spreading investments over a range of asset
types also spreads risks.

The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
looking at adaptation decision support tools, in
line with its objectives to advance the analysis of
impacts, vulnerability and adaptation, and to
promote knowledge sharing through a
MEDIATION Adaptation Platform (http://www.
mediation-project.eu/platform/). To complement
the information on the Platform, a series of Policy
Briefing Notes have been produced on Decision
Support Methods for Climate Change Adaptation.
An overview of all the decision support tools
reviewed is provided in Policy Briefing Note 1:
Method Overview, which summarises each
method, discusses the potential relevance for
adaptation and provides guidance on their
potential applicability. The methods considered
include existing appraisal tools (cost-benefit
analysis, cost-effectiveness analysis and multicriteria analysis), as well as techniques that more
fully address uncertainty (real options analysis,
robust decision making, portfolio analysis and
iterative risk (adaptive) management). It also
includes complementary tools that can assist in
adaptation assessment, including analytical
hierarchic processes, social network analysis
and adaptation turning points. Additional
information on each method is presented in a
separate Policy Briefing Notes (2 – 10).
This Policy Brief (Note 5) provides a summary of
Portfolio Analysis. It provides a brief synthesis
of the approach, its strengths and weaknesses,
the relevance for adaptation, how it considers
uncertainty, and presents case study examples.
It is stressed that this note only provides an
overview: more detailed information is available
in MEDIATION deliverables, and sources and
links on the MEDIATION Adaptation Platform.

Since individual assets are likely to have different
and unpredictable rates of return over time, an
investor may be better in maximising the
expected rate of return and minimising the
variance and co-variance of their asset portfolio
as a whole, rather than managing assets
individually (Markowitz, 1952).
As long as the co-variance of assets is low, then
the overall portfolio risk is minimised (for a given
rate of overall return). Aggregate returns for an
individual investor are therefore likely to be
higher when low returns on an individual stock
are at least partly offset by higher returns from
other stocks during the same period.
PA helps in the design of such portfolios. It
highlights the trade-off between the returns on
an investment and the riskiness of that
investment, measuring risk by estimating the
variance (standard deviation) of the portfolio
return: thus a portfolio with a relatively high (low)
variance is judged to have a higher (lower) risk.
The information on returns and risks is used to
identify a portfolio that most closely matches
(risk) preferences.
The overall concepts of the approach are fairly
straightforward, though the actual analysis is
quite complex.
An investor first identifies those portfolios that
are efficient (from a longer list of all feasible
portfolios). The efficient portfolios have the
highest possible expected return for a given risk,
or the lowest possible degree of risk for a given
mean rate of return (Aerts et. al. 2008). The
investor is then able to choose a portfolio that
best represents their balance of preferences
between risks and returns.
A representation of this choice is given below,
plotting the expected return against the variance.
In this example, the small circles represent
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portfolios of two technologies combined in
varying proportions. The analysis produces an
efficiency frontier, which identifies those
portfolios which have the highest return for a
given level of variance or, equivalently, the lowest
variance for a given return. This is the line from
portfolios A to C. These represent the key choice
for the investor, and reflect a different mix of risk
versus return. It also identifies those portfolios
that are inefficient and should be avoided, in this
case those located to the bottom-right (i.e. D, E
and F).

mean. This requires probabilities of alternative
outcomes since the mean – or expected value
– of a distribution is calculated as the sum of
all the products of outcomes and their
associated probabilities. Probabilities are
therefore employed to estimate the Expected
NPV (ENPV). The variance of the NPV
expresses the risk that the actual (NPV) return
will differ from the expected return.
• The expected return of each portfolio is
estimated and the efficiency frontier is
identified. The risk-return data for each
portfolio is estimated by multiplying the ENPV
of each asset in the portfolio by the proportion
(of cost) of each asset in the portfolio. The
risk-return data for each portfolio is combined
to create a plot as in Figure 1 above. The
efficiency frontier is then defined by the plots
of the portfolios whose returns are maximised
for a given level of variance.
• The decision-maker defines preferences with
respect to returns and risk. The efficiency
frontier identifies the optimal risk-return tradeoffs that are available to the decision-maker.

The Application to Adaptation

Figure 1. Risk-Return Space and the Efficiency Frontier in
Portfolio Analysis

• To derive these values (and figures) a series of
analytical steps are taken, set out below.
• First, the objective is established, e.g. to
reduce flooding to a 1 in 1000 annual risk.
• The investment possibilities, or adaptation
options, are then defined.
• Feasible portfolios are constructed, noting
that these may be constrained by the total
available budget.
• The returns are defined and measured. These
returns can be in economic terms (as in the
case of expected values above) but can also
be expressed as physical metrics, e.g. the
quantity of water conserved.
• The risk is characterised. In portfolio analysis,
uncertainty (or more accurately risk) is
traditionally characterised in terms of the
variance or standard deviation around the
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The principles of diversification and the use of
portfolios have high relevance for climate change
adaptation. PA helps in selecting a set of options
which (together) are effective over a range of
possible projected future climates, rather than a
single option best suited to one possible future.
The approach has a high resonance with iterative
risk management and the preference for
portfolios of options over single solutions (IPCC
SREX, 2012), recognising that diversification is
an important risk management response.
Importantly, it can be used to compare
alternative portfolios of options against the high
uncertainty associated with future socioeconomic and emission scenarios, and across
alternative climate model projections.
The use of portfolio theory in the adaptation
context requires identification of a range of
possible adaptation options, data on the average
effectiveness (or expected return) of each option,
the variance of each option over the range of
climate scenarios, and the covariance of return
of each option over the range of climate

Portfolio Analysis
scenarios. A minimum level of effectiveness also
needs to be defined.
In the climate change context, the trade-off is
then between the possibility of a high degree of
effectiveness in reducing climate risks, and the
risk that the adaptation options will fail to be
effective over a certain range of climate change.
The choice that is made will then be determined
by the level of risk aversion. As in Figure 1
above, a more risk-averse decision-maker is
likely to choose a portfolio located between B
and C, whilst a more risk-loving decision-maker
is likely to choose a portfolio located between A
and B.

Strengths and Weaknesses
A key part of the MEDIATION project has been to
identify the strengths and weaknesses of the
different approaches for adaptation. A summary
is presented below.
The main strength of portfolio analysis is that it
provides a structured way of addressing (climate
change) uncertainty through the identification of
suitable combinations of options, expressing the
effectiveness of alternative portfolios, and the
risk associated with each, in quantitative terms.
This provides a technique for managing the
uncertainty from climate change that the analysis
of individual adaptation options does not allow.

A major advantage of the approach is it can work
with different metrics for returns, assessing
benefits in economic terms, or with the analysis
of non-monetary (physical) effectiveness. This
allows applications in market sectors but also
non-market sectors such as biodiversity and
ecosystem services.
The use of the efficiency frontier is an effective
way of presenting (and visualising) alternative
portfolio options, and the trade-offs between risk
and reward involved in alternative choices.
The main disadvantage is that the technique is
resource intensive, and requires a relatively high
degree of expert knowledge and judgement. It
relies primarily on the availability of data on
effectiveness (return) and variance / co-variance.
In the formal application, it requires probabilities
(or other assumptions, such as scenario
likelihood equivalence).

Case Studies
The MEDIATION study has reviewed examples in
the existing literature that have applied Portfolio
Analysis to the adaptation context, though a
relatively small number of such applications
currently exist.
A number of the recent case studies applications
to adaptation are summarised in the box over the
page.

Key strengths

Potential weaknesses

Provides a structured way of quantifying
portfolios of options to address climate change
uncertainty, which analysis of individual
adaptation options does not allow.

Resource intensive and requires a high degree of
expert knowledge.

Measures “returns” using various metrics,
including physical effectiveness or economic
efficiency, thus broad applicability in market and
non-market sectors.

Relies on the availability of quantitative data (for
effectiveness and variance/co-variance).
Requires probabilistic climate information to be
imposed, or an assumption of likelihood
equivalence between alternative scenarios.

Use of the efficiency frontier is an effective way
of visualising results and the risk-return tradeoffs.
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Case Study 1: Forest Regeneration
Crowe and Parker (2008) provide an empirical case study of the approach for forest regeneration. The
objective of the study was to apply and test the portfolio analysis method for selecting genetic material
that could be used for the restoration or regeneration of forests under climate change futures, taking
account of the wide range of uncertainty. Data were used to estimate how well different seed populations
of White Spruce grew under different climatic conditions. This data, combined with regional climate data
under alternative, modelled climate scenarios, allowed a statistical Species-Range Impact Model (SRIM)
to estimate how well each population – or seed source – would be adapted to a specific site (under
alternative climate futures).
For each seed source, the SRIM estimated the distance over which a seed source was adaptive from any
given location, for a given climate future. The estimates of adaptive distances were then utilised in the
model to identify the optimal set of seed populations to use in restoring a specific site – optimality being
defined as minimising the risk of maladaptation whilst achieving a certain threshold or level of adaptive
suitability (the latter defined as the expected adaptive distance of the portfolio). The seed portfolio model
aimed to minimise the expected variance and covariance of the adaptive suitability of a portfolio of seed
sources subject to a lower bound on the total expected adaptive distance. The weighting of each seed
source option within a portfolio was given by the proportion of a portfolio made up by each source, with a
minimum proportion specified to avoid the large numbers of sources for regeneration in a given location.
A further constraint was introduced for biological thresholds, beyond which species cannot survive. This
constraint serves to limit the size of the variance.
A total of 127 white spruce seed sources in Canada were modelled at 6 future time intervals from 2010 to
2060, using temperature and precipitation outputs from five climate scenarios from three climate models.
Each scenario was assumed to have an equal probability of occurring. The mean adaptive distances (the
number of least significant differences between a baseline reference point and a future point) were
estimated for several hundred geographical locations. The portfolio model was run for the six time
periods, plus all dates combined.
The study found that current locations of seed populations were poor predictors of optimal future
locations, confirming the case for adaptation and for adoption of a broad portfolio of seed sources.
Conversely, the best matching seed sources differ drastically according to year and time period;
The efficiency frontier showed that there were only two unique solutions in each time period, and beyond
a certain point risk was not reduced as lower returns were specified. The use of the portfolio approach
resulted in covariance being minimised across scenarios, such that the optimality of the seed sources
varied according to the scenario, suggesting that the approach is successful in producing an outcome
robust to climate change uncertainties. The optimal approach was considered to be a range of specialist
seed sources.

Time specific efficiency frontiers
(note risk is plotted on the y axis). Source: Crowe and Parker (2008)
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Case Study 2: Flood Management
Hunt (2009) applied portfolio analysis to a case of flood management at the local geographical scale, for
the River Severn in Shrewsbury in the UK. The application considered climate change and socioeconomic change over future decades through to 2050 and changes in flood event frequencies and return
periods (up to the 150 year return event).
The application built upon existing decision-support tools used in the UK – primarily cost-benefit analysis
– that rely on the monetisation of flood impacts (and the economic benefits of flood protection) to assess
investment in flood management. Three alternative and contrasting flood management measures were
considered for the portfolio analysis: Hard Defences; Flood Warning Systems, and Property Level
Resistance. These were considered against the range of climate and socio-economic uncertainty through
to 2050.
Flood event frequencies were analysed and the portfolio returns were measured by the economic
efficiency (net present values (NPV), i.e. benefits minus costs in monetary terms) of the flood management
options. Benefits included damage avoided to residential and business property, cars and infrastructure,
as well as health impacts avoided. The costs were derived from the capital and operating/maintenance
costs of each option.
The figure below shows the results of a 2-option portfolio analysis. Each point in the figure represents an
individual portfolio comprising of two adaptation options. The figure shows a clear, positive, relationship
between return and variance, reflecting the fact that whilst the expected net present value will be higher
with the inclusion of some options (e.g. Hard Defence), there is a trade-off with a higher uncertainty of
return.
The figure also highlights that there are a number of portfolios that are sub-optimal (i.e. those plotted in
the south-east quadrant relative to another portfolio).

Two-option Portfolio Analysis: Flood Management:
Assuming independence of options. Source Hunt (2009).
The results above assumed that individual options are independent of each other. However, the
implementation of one option may affect the effectiveness (i.e. the benefits) of others. As an example, the
implementation of a hard defence system is likely to reduce the subsequent flood risk to properties and
so reduce the (economic) benefits from property-based measures or warning systems.
When option interdependence was included in the analysis, the return-variance trade-off could still be
identified, but the relationship was not as strong as illustrated above.
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Discussion and Applicability
The review and case studies provide a number of
practical lessons on the application of Portfolio
Analysis to adaptation. They provide useful
information on the types of adaptation problem
types where the technique might be appropriate,
as well as data needs, resource requirements
and good practice examples.
Clearly PA is a key tool for helping to identify and
analyse alternative portfolios of adaptation
options. It has a clear application in cases where
adaptation actions are likely to be
complementary in reducing climate risks. The
technique is not relevant when one option
addresses the full range of uncertainty in climate
impacts.
Portfolio Analysis has a high resonance with the
concepts of iterative risk management, and
addresses uncertainty by encouraging
diversification (a key part of risk management)
with the use of portfolio mixes. It can be used for
economic analysis, but can also work with nonmonetary (physical) metrics and therefore can be
applied in non-market sectors, such as for
ecosystem based adaptation (as in the forest
case study in the box).
However, the approach requires benefits to be
expressed in quantitative terms, either as
economic values or physical benefits, thus it is
more applicable in cases where data availability
is reasonable.
Furthermore, the application of the technique
requires probabilities, which makes it more
applicable to cases where climate information is
good, and some information on climate
uncertainty exists.
The formal application is data and resource
intensive, requiring a high degree of expert
knowledge, which is also a factor in considering
applicability.
Finally, in considering the application of portfolio
analysis to adaptation, a number of good
practice lessons are highlighted. As identified in
the second case study on flood risks, there can
be issues of inter-dependence between options,
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and it is therefore good practice to take these
into account within the PA analysis.
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Key Messages
• There is increasing interest in the appraisal of
options, as adaptation moves from theory to
practice. In response, a number of existing
and new decision support tools are being
considered, including methods that address
uncertainty.
• The FP7 MEDIATION project has undertaken a
detailed review of these tools, and has tested
them in a series of case studies. It has
assessed their applicability for adaptation and
analysed how they consider uncertainty. The
findings have been used to provide
information and guidance for the MEDIATION
Adaptation Platform and are summarised in a
set of policy briefing notes.
• One of the tools widely recommended for
adaptation is Multi-Criteria Analysis (MCA).
MCA is an approach that allows consideration
of both quantitative and qualitative data in the
ranking of alternative options.
• The approach provides a systematic method
for assessing and scoring options against a
range of decision criteria, some of which are
expressed in physical or monetary units, and
some which are qualitative. The various
criteria can then be weighted to provide an
overall ranking of options. These steps are
undertaken using stakeholder consultation
and/or expert input.
• MCA has been widely applied in the
environmental domain. It is also used as a
complementary tool to support cost-benefit
analysis, to consider the performance of
options against criteria that may be difficult to
value or involve qualitative aspects.
• The approach has high relevance for
adaptation. Criteria can be included to
consider uncertainty or various elements of
good adaptation, and the approach brings the
flexibility to work with qualitative information,
which is particularly useful given there are
often data gaps.
• The review has considered the strengths and
weakness of the approach for adaptation. The
main strength is that it allows consideration of
both quantitative and qualitative data
together, and can compare monetary and
non-monetary criteria directly. This allows the

consideration of a much broader set of criteria
than other approaches.
• The potential weaknesses involve the fact that
the scoring and weighting can be quite
subjective, influenced by the stakeholders
involved in the process. The consideration of
uncertainty is also usually more qualitative.
• Previous applications of MCA for adaptation
have been reviewed, and adaptation case
studies are summarised. MCA has been used
as the main decision support tool in early
national adaptation policy analysis, but has
also been used alongside CBA in adaptation
project appraisal to consider broader criteria
and aspects.
• The review and case studies provide useful
information on the types of adaptation
problem types where MCA might be
appropriate, as well as data needs, resource
requirements and good practice lessons.
MCA is particularly applicable in areas where
quantification is difficult, or for sectors where
broader objectives are important. The
approach is considered particularly useful to
identify promising options, which can then be
subject to more detailed appraisal.

Multi-Criteria Analysis
Introduction
There is increasing policy interest in the appraisal
of options, as adaptation moves from theory to
practice. At the same time, it is recognised that
the appraisal of climate change adaptation
involves a number of major challenges,
particularly the consideration of uncertainty. In
response, a number of existing and new decision
support tools are being considered for
adaptation.
The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
looking at adaptation decision support tools, in
line with its objectives to advance the analysis of
impacts, vulnerability and adaptation, and to
promote knowledge sharing through the
Mediation Adaptation Platform
(http://www.mediation-project.eu/platform/). To
complement the information on the Platform, a
series of Policy Briefing Notes have been
produced on Decision Support Methods for
Climate Change Adaptation.
An overview of all the decision support tools
reviewed is provided in Policy Briefing Note 1:
Method Overview, which summarises each
method, discusses the potential relevance for
adaptation and provides guidance on their
potential applicability. The methods considered
include existing appraisal tools (cost-benefit
analysis, cost-effectiveness analysis and multicriteria analysis), as well as techniques that more
fully address uncertainty (real options analysis,
robust decision making, portfolio analysis and
iterative risk (adaptive) management). It also
includes complementary tools that can assist in
adaptation assessment, including analytic
hierarchy process, social network analysis and
adaptation turning points. Additional information
on each method is presented in a separate
Policy Briefing Notes (2 – 10).
This Policy Brief (Note 6) provides a summary of
multi-criteria analysis. It provides a brief
synthesis of the approach, its strengths and
weaknesses, the relevance for adaptation, how it
considers uncertainty, and presents case study
examples. It is stressed that this note only
provides an overview: more detailed information
is available in MEDIATION deliverables, and
sources and links on the Mediation Adaptation
Platform.

Description of the Method
MCA is an approach that allows consideration of
both quantitative and qualitative data in the
ranking of alternative options.
The approach provides a systematic method for
assessing and scoring options against a range of
decision criteria, some of which are expressed in
physical or monetary units, and some which are
qualitative. The various criteria can then be
weighted to provide an overall ranking of
options. These steps are undertaken using
stakeholder consultation and/or expert input.
The approach identifies alternative options,
selects criteria and scores options against these,
then assigns weights to each criterion to provide
a weighted sum that is used to rank options
(Janssen and Van Herwijnen, 2006). The process
allows the weights (for each criterion) to reflect
the preferences of the decision-makers and the
weighted sum of the different criteria is used to
rank the options.
MCA has been widely applied for ranking various
alternatives, especially in the environmental
domain. It is often included in guidance as one of
a number of potential tools for option appraisal
(e.g. as for [regulatory] impact assessment, EC,
2005). It can be used for strategy level analysis
or for individual projects or investment decisions.
It is also sometimes used as a complementary
tool to support cost-benefit analysis, to consider
the performance of options against criteria that
may be difficult to value or involve qualitative
aspects. Such applications include supporting
decision analysis for transport appraisal
(Dodgson et al, 2000).
A simplified example is included in the box
below.
• The approach involves a number of common
steps.
• To identify the objectives and important
decision criteria.
• To identify potential options. Note that
stakeholder consultation is often used to
identify the most important options.
• Identify relevant criteria to assess the options
against. The number of criteria can range from
a few key criteria to twenty or more criteria,
though a higher the number of criteria
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of the individual criteria in the overall decision.
While all criteria can be given equal weighting,
it is normal in MCA to give different
weightings to different criteria, reflecting their
important in the objectives. These weights
can also be set through stakeholder
engagement or expect elicitation.

increases the resources and analysis needed.
For each criteria, a scale is needed, either as a
quantitative metric (e.g. costs), or for qualitative
metrics, a range (e.g. 1 to 5, 1 to 10).
• All options are scored against all the criteria.
This process can be undertaken through
analysis, stakeholder engagement (and
workshops) or through expect elicitation.

• The weighted scores for each option are
calculated. This then provides a prioritised
ranking of options, though alternative
approaches are possible (see later).

• Assess the weighting of alternative criteria.
This provides the relative importance of each

Box 1: Multi-Criteria Analysis: Example
A simple example of MCA is illustrated below. This aims to rank three alternative investment projects
A, B, and C, based on the criteria (i) profitability, (ii) risk and (iii) whether it is a core activity. The first
step is to provide scores for each of the criteria related to these alternatives, as the example below.
Table 1. Scores per criteria per alternative: a hypothetical example
Criteria / Option

A

B

C

i Profitability

5

3

2

ii Safety

2

4

3

iii Core activity

3

1

4

Note: 5=very high 4=high 3=average 2= low 1=very low
We then formulate the weights that we attach to each of the criteria, for instance equal weights of all
criteria, i.e. thus 0.333 for each, though different weights are often assigned. This enables us to calculate
the weighted scores for each of the alternatives. The weighted scores are then as follows:
– for Alternative A: 0.33*5+0.333*2+0.333*3=3.33
– for Alternative B: 0.33*3+0.333*4+0.333*1=2.664
– for Alternative C: 0.33*2+0.333*3+0.333*4=2.997
Table 2. Table with the weights per criteria, the weighted scores per criteria per alternative, and the total
weighted score per alternative based on weighted summation: a hypothetical example
Criterion / Option

A

B

C

Weight

i Profitability

1.665

0.999

0.666

0.333

ii Safety

0.666

1.332

0.999

0.333

iii Core activity

0.999

0.333

1.332

0.333

Total weighted score

3.33

2.664

2.997

Note: 5=very high 4=high 3=average 2= low 1=very low
Table 2 shows that alternative A would be preferred, because it has the highest total score.
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Multi-Criteria Analysis
In the implementation of MCA it is important to
reflect very carefully on how to score the
alternatives and which range of scores should be
applied. It is also essential to make sure that the
weighted scores can be added, i.e. all criteria
should be formulated in positive terms, or all
criteria should be expressed in negative terms.
Usually scores are standardized, so that the high
and low levels of the scores represent the
judgement about the performance of the
alternatives as precisely as possible. The weights
then need to be made explicit based on the
assessment of the decision makers, or for
instance starting from equal weights and then
according to a set of logical and plausible
weights that express the values of various
categories of stakeholders.
This ensures that the impacts of the various sets
of weights on the ranking can be assessed
transparently. The process allows decision
makers to learn about the characteristics of the
alternatives and the ranking of the alternatives
for various sets of scores and weights.
There are many methods to establish the ranking
of the alternatives. The most commonly applied
is the method of weighted summation. However,
alternative methods include pair wise
comparison; Analytic Hierarchy Process (AHP) or
more complicated mathematical methods.
Detailed descriptions of these methods are
available from the sources in the further reading
list on Multi Criteria Analysis (e.g. Belton and
Stewart, 2002).
Details of the Analytic Hierarchy Process
approach are provided in a separate Policy
Briefing Note (No 7).

The Application to Adaptation
Multi Criteria Analysis has high relevance for
adaptation. The criteria can be included to
consider the different aspects of uncertainty as
well as other elements of good adaptation. As
example, previous adaptation MCAs have
considered criteria of robustness, low/no regret
characteristics or flexibility, as well as cobenefits and synergies with mitigation.
The approach also allows analysis with
qualitative information, which is particularly
useful given there are often data gaps in climate

change adaptation, and/or because there is often
a need to consider additional aspects such as
the acceptability, equity or environmental or
social performance of options which are difficult
to quantify.
Applications of MCA to adaptation use some form
of climate change information. In more qualitative
studies, this can use climate model information to
build up indications of the future impacts of
climate change, e.g. in terms of changes in
temperature, weather extremes, runoff and sea
level rise. Similarly the performance of different
adaptation options against these risks can be
assessed (i.e. scored). An example of this
qualitative type of approach is included in the case
study (Van Ierland et al. 2007), which provides an
example of the additional characteristics that can
be included for adaptation, i.e. importance,
urgency, no regret characteristics, co-benefits and
mitigation synergies.
It is also possible to undertake MCA in a more
qualitative climate scenario framework, using
climate model projections and analysis of
options (e.g. costs, effectiveness, performance
against wider criteria). An example of this
approach was undertaken within the Thames
Estuary 2100 (TE2100, EA, 2009) project, which
looked at future flood defences for London using
various sea level rise scenarios. This study used
a multi-criteria analysis to complement a formal
economic cost-benefit analysis. The MCA was
used to consider the data collected as part of the
Strategic Environmental Assessment and
included the heritage, recreation and habitat
sensitivity criteria, as well as landscape
character and capacity assessments, alongside
costs and benefits within a Multi Criteria Analysis
(scoring & weighting).
However, MCA does have some limitations in
relation to climate change uncertainty, in that it
tends to work with individual scenarios, against
which options are assessed. It is more difficult to
incorporate the different elements of current and
future climate risks (the time dimension), and to
include climate change uncertainty (as well as
analysing how the benefits of different
adaptation options vary against different
scenarios), unless multiple runs of the MCA are
conducted. The inclusion of criteria for how
options perform against uncertainty can be
included to address this, but this makes the
consideration of uncertainty very qualitative.
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Strengths and Weaknesses

Case Studies

A key part of the MEDIATION project has been to
identify the strengths and weaknesses of
different approaches.

The MEDIATION study has reviewed existing
literature examples that have applied MultiCriteria Analysis to adaptation.

The main strength of multi-criteria analysis is that
it allows consideration of both quantitative and
qualitative data, and can thus compare monetary
and non-monetary units directly. This allows the
consideration of a much broader set of criteria
than other approaches, as well as elements that
may be difficult to quantify. It thus allows
application in non-market sectors, and can be
broaden out to consider wider attributes (e.g.
acceptability, equity) of adaptation options.

The review has found several relevant
applications. This includes application at the
national level, for early programmatic analysis of
adaptation as part of national strategy
development (see case study box below).
It also includes the application of MCA to
complement economic appraisal of adaptation at
the project level (e.g. EA, 2009), to allow the
analysis of a broader set of criteria, particularly
environmental and social aspects.

The approach also encourages consultation and
engagement with stakeholders. This can help in
identifying options, bringing in expert knowledge
to the scoring process, and understanding
stakeholder (and policy-makers) preferences in
relation to weighting.
The potential weaknesses relate to the fact that
the scoring and weighting exercise can be
subjective, depending on the stakeholders or
experts involved. This translates through to the
consideration of uncertainty, which is often very
qualitative in nature.
A summary of the strengths and weaknesses is
presented below.

Key strengths

Potential weaknesses

• Can combine quantitative and qualitative data,
using monetary and non-monetary units, and
can therefore consider a much wider set of
criteria, even where quantification is
challenging or limited.

• Results need further interpretation and
elaboration in more detailed studies.

• The method is relatively simple and
transparent, and can be done at relatively low
cost and within a limited time.
• Expert judgement can be used very efficiently.
• It involves stakeholders and can be based on
local knowledge.
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• Different experts may have different opinions
and will provide different scores, i.e. there is a
degree of subjectivity involved.
• Stakeholders may have lack of knowledge and
can miss important options.
• It may be difficult to give consistent scores to
the alternatives.
• Analysis of uncertainty often highly qualitative.

Multi-Criteria Analysis
Box 1. MCA for Adaptation in the Netherlands
An example of a multi criteria analysis for adaptation in the Netherlands is summarised, based on De
Bruin et al. (2009) and Van Ierland et al. (2007).
The analysis started with a typical climate change scenario developed by the Royal Netherlands
Meteorological Institute for the period up to 2050 (KNMI, 2006). Adaptation options were identified in
workshops for different sectors, namely agriculture, nature, water, energy & transport, housing &
infrastructure, health, and recreation and tourism. Experts on spatial planning and adaptation to
climate change as well as public and private stakeholders were involved in the identification and
ranking of the adaptation options, including representatives from different research institutes, NGOs,
universities and Ministries.
The next step was to score and weight these adaptation options. The options (see Table 3 for
examples for the agricultural sector) were given scores with respect to the following priority criteria
(See Table 4):
(i) the importance of the option in terms of the expected gross benefits that can be obtained;
(ii) the urgency of the option, reflecting the need to act soon and not later;
(iii) the no-regret characteristics of the option (it is good to implement, irrespective of climate change);
(iv) the co-benefits to other sectors and domains; and
(v) the effect on climate change mitigation (for instance through changes in land-use that reduce
emissions of greenhouse gases as a side effect).
In defining the criteria we aimed at selecting them as such that they are complete (all relevant criteria
have been included), operational (each option can be judged against each criterion), mutually
independent (options are independent of each other from one criterion to the next), contain no
double counting and are consistent with effects occurring over time (Dodgson et al., 2000; Keeney
and Raiffa, 1976). However, not all criteria are completely mutually exclusive, the no-regret and cobenefit criteria are closely related to each other. The scoring is based on subjective expert judgement
and has been discussed in a workshop with external experts to validate the scores. We have invited
experts with a broad overview of the problem of adaptation to make the ranking because the
adaptation options cover many different aspects and sectors of society, and the ranking requires the
capability to compare the various options across these sectors. Specialized stakeholders
representing a specific sector would not be able to make this comparison across sectors, but of
course they were valuable in identifying adaptation options relevant to their sector.
Table 3. Examples of adaptation options for the agricultural sector (based on literature survey and
stakeholder consultation).
Nr.
1
2
3
4
5
6
7
8
9
10
11
12

Sector
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture

Adaptation option
Adjusting crop rotation schemes and planting and harvesting dates
Choice of crop variety and genotype
Development and growing of crops for biomass production
Soil moisture conservation practices
Irrigation
Self-sufficiency in production of roughage
Water storage on farmland
Subsoil drainage of peatlands
Insurance
Changes in farming systems
Water management and agriculture
Regional adaptation strategies for the fen meadow area
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13
14
15
16
17
18

Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture

19
20
21

Agriculture
Agriculture
Agriculture

Relocation or mobilization of farms
Floating greenhouses
Land use change
Adaptation strategies to salinization of agricultural land
Increasing genetic and species diversity in forests
Introduction of southern provenances of tree species and drought
resistant species
Limiting the import of timber
Retention of winter precipitation in forests
Acceptation of changes in species composition in forests

The importance (i.e. effectiveness in avoiding damages) of an option reflects the level of necessity to
implement the option so as to avoid negative impacts. These options can reduce major damages
related to climate change. In principle they generate substantial gross benefits (avoided damages),
though potentially at high costs.
The urgency of the option relates to the need of implementing the adaptation option immediately or
whether it is possible to defer action to a later point in time. Investments with a long lead time, or
investments that have a long life time and conservation of the current situation require early action,
and therefore potentially a long delay before implementing the option will make it redundant, much
more costly or even impossible. Note that a high score on urgency does not necessarily imply that
the option deserves a very high final ranking. It only indicates that postponing action may result in
higher costs or irreversible damage.

Water
Water
Water
Housing
Infra.
Energy &
Transport
Energy &
Transport
Nature

75
84
28

Weighted sum

41
65
68
87

Integrated nature and water management
Integrated coastal zone management
More space for water – a) Regional water
system, b) Improving river capacity
Risk based allocation policy
Risk management as basic strategy
New institutional alliances
Make existing and new cities robust –
avoid ‘heat islands’, cooling capacity
Construct buildings with less need for
air-conditioning/heating
Change modes of transport and develop
more intelligent infrastructure
Design and implementation of ecological
networks (The National Ecological Network)

Mitigation effect
(10%)

Nature
Nature
Water

Co-benefits
(15%)

34
35
40

No regret
(15%)

Adaptation option

Urgency
(20%)

Nr. Sector

Importance
(40%)

Table 4. The top ten options for the Netherlands based on ranking with criteria weighting for
importance, urgency, no regret, co-benefits and mitigation effect – high scores indicate high priority

5
5

5
5

5
5

5
5

4
4

4.9
4.9

5

5

5

5

4

4.9

5
5
5

5
5
5

5
5
5

5
5
4

4
4
5

4.9
4.9
4.9

5

5

4

5

4

4.8

5

4

5

4

5

4.7

5

5

4

4

5

4.7

4

5

5

5

4

4.5

Note: high scores indicate high priority to implement the option. Weighted sum of scores for other options are
given in Table 6 of De Bruin et al. (2009)

6

Multi-Criteria Analysis
In assessing the economic characteristics of various adaptation options a distinction is made
between no-regret options and options with co-benefits. No-regret options are the adaptation
options for which non-climate related benefits, such as improved air quality, will exceed the costs of
implementation; hence they will be beneficial irrespective of future climate change taking place.
The United Kingdom Climate Impacts Programme (Willows and Connell, 2003) has defined no-regret
adaptation options (or measures) as: “options (or measures) that would be justified under all plausible
future scenarios, including the absence of human-induced climate change”. A no-regret option could
be one that is worthwhile, in that it would yield economic and environmental benefits which exceed its
cost, and will continue to be worthwhile, irrespective of any benefits of avoided climate damages.
Options that score high on the criterion co-benefit are specifically designed to reduce climatechange related vulnerability while also producing corollary benefits that are not related to climate
change (Abramovitz et al., 2002). Co-benefits thus concern external effects which have a positive
impact on policy goals unrelated to climate change policy (Metroeconomica, 2004).
Finally, the options were scored according to their effect on mitigation. Certain adaptation options
also induce a reduction of greenhouse gas emissions, and thus score very high on mitigation effect
(i.e. are strengthening mitigation policies), while other adaptation options actually increase
greenhouse gas emissions. Scores were attached for each of the options and for each of the criteria,
ranging from 1-5, indicating very low priority (1) to very high priority (5).
To assess the political feasibility of the adaptation options, the options were also ranked according to
their complexity, for three categories of complexity: (i) Technical, (ii) Social and (iii) Institutional
complexity. This results in a ranking for complexity, which enables policymakers to consider the
complications that may arise in the implementation of the adaptation options (See Table 5).

53
15
43
44
52
12
40

Moving powerplants to coast (cooling water)
Widening the coastal defence area (in combination
with urbanisation and nature)
Water
Re-connecting water systems – Overschelde:
connection Oosterschelde – Westerschelde
Water
Abandoning of the whole of low-lying Netherlands
Agriculture Land use change
Water
Spatial planning of locations for powerplants
(nuclear in particular)
Water
Construction of additional dikes in low-lying parts
of the Netherlands
Water
Reclamation of (part of) southern North Sea
Agriculture Regional adaptation strategies for the fen meadow area
Water
More space for water – a) regional water system and
b) improving river capacity

Weighted
sum

47

Water
Water

Institutional
complexity
(40%)

42
46

Adaptation option

Social
complexity
(40%)

Nr. Sector

Technical
complexity
(20%)

Table 5. Top 10 of complex options: Scoring and ranking of adaptation options regarding feasibility –
high scores indicate highest complexity.

4

5

5

4.8

4

5

5

4.8

4

5

5

4.8

4
3

5
5

5
5

4.8
4.6

3

5

5

4.6

3

5

5

4.6

3
4

5
5

5
4

4.6
4.4

4

4

5

4.4

Note: high scores indicate high complexity to implement the option, i.e. low feasibility. Weighted sum of scores
on complexity for other options are given in Table 6 of De Bruin et al. (2009)
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Discussion and Applicability
The review and case studies provide a number of
practical lessons on the application of multicriteria analysis to adaptation. They provide
useful information on the types of adaptation
problem types where MCA might be appropriate,
as well as data needs, resource requirements
and good practice.
MCA has broad applicability to adaptation, and
can be applied for both project and policy level
applications to look at alternative options or
choices.
It has very broad sector applicability, though it is
particularly useful for sectors which involve nonmarket elements (e.g. biodiversity), or where
there are important criteria for which only
qualitative information is available. The potential
for stakeholder inputs and their use in a decision
framework also allows application where
quantitative information is low.
The review identifies that MCA is a very good
starting point for identifying and ranking
adaptation options for climate change, i.e. to
select promising options that can then be
subject to more detailed appraisal.
It can also be used to complement more formal
economic analysis, i.e. to combine existing
economic assessment of costs and benefits
within a wider framework that allows other
criteria to be directly compared.

Kuikman, S. Reinhard, R. P. Roetter, V. C.
Tassone, A. Verhagen, and E. C. Van Ierland
(2009). ‘Adapting to climate change in the
Netherlands: An inventory of climate adaptation
options and ranking of alternatives’, Climatic
Change 95 (1–2), 2009, 23–45.
Dodgson J, Spackman M, Pearman A, Phillips L
(2000). Multi-criteria analysis manual.
Department of Transport, Local Government and
the Regions, London.
http://www.communities.gov.uk/archived/publica
tions/corporate/multicriteriaanalysismanual
EA (2009). TE2100 Plan Technical Report.
Appendix H. Appraisal in TE2100.
European Commission (2005). Impact
Assessment Guidelines. European Commission
SEC(2005) 791. July 2005.
IPCC (2007). Climate change 2007: impacts,
adaptation and vulnerability. Summary for
policymakers, working group II contribution to
the intergovernmental panel on climate change,
fourth assessment report.
Janssen, R. and M. Herwijnen (2006). ‘A toolbox
for multicriteria decision-making’, International
Journal of Environmental Technology and
Management 6 (1), 2006, 20–39
Keeney RL, Raiffa H (1976). Decisions with
multiple objectives: preferences and value
tradeoffs.Wiley, New York

The review identifies the importance of
stakeholder consultation and engagement, and
good practice examples highlight the importance
of expert input, and the careful choice of the
criteria.

KNMI (2006). Climate in the 21st century, four
scenarios for the Netherlands, Royal Netherlands
Meteorological Institute, 2006, De Bilt, the
Netherlands.
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Analytic Hierarchy Process

Summary of Methods and Case Study Examples
from the MEDIATION Project

Key Messages
• There is increasing interest in the appraisal of
options, as adaptation moves from theory to
practice. In response, a number of existing
and new decision support tools are being
considered, including methods that address
uncertainty.
• The FP7 MEDIATION project has undertaken a
detailed review of these tools, and has tested
them in a series of case studies. It has
assessed their applicability for adaptation and
analysed how they consider uncertainty. The
findings have been used to provide
information and guidance for the MEDIATION
Adaptation Platform and are summarised in a
set of technical policy briefing notes.
• One method that is potentially useful for
adaptation is the Analytic Hierarchy Process
(AHP).
• AHP is a form of multi-criteria analysis that
undertakes pairwise comparisons using
expert judgements to derive priority scales.
The method helps to consider tangible and
intangible elements together, allowing these to
be traded off against each other in a decisionmaking process.
• The method is applied by making
comparisons using a scale of absolute
judgements that represents how much one
element dominates another for a given
attribute. The derived priority scales are then
synthesised and the various weighted scores
are aggregated.
• The approach has high relevance for
adaptation as it can evaluate options in
situations of high complexity, considering
different time horizons, uncertainty and
multiple and interdependent variables
requiring multi-dimensional trade-offs.

• The review has considered the strengths and
weakness of the approach for adaptation. The
main strength is the ability to directly compare
tangible and intangible elements, taking into
account the opinions and preferences of a
wide range of people in the analysis of
complex problems. It also provides a simple
ranking that is easy to communicate.
• The potential weaknesses relate to the
increased complexity of application and time
taken to apply the approach if many criteria,
sub-criteria and options are considered, and
the somewhat subjective nature of the
approach.
• Previous applications of AHP for adaptation
have been reviewed, and Mediation case
study applications of the tool are summarised.
• The review and case studies provide useful
information on the types of adaptation
problem types where AHP might be
appropriate, as well as data needs, resource
requirements and good practice lessons.

Analytic Hierarchy Process
Introduction

Description of the Method

There is increasing policy interest in the appraisal
of options, as adaptation moves from theory to
practice. At the same time, it is recognised that
the appraisal of climate change adaptation
involves a number of major challenges,
particularly the consideration of uncertainty. In
response, a number of existing and new decision
support tools are being considered for adaptation.

Analytic Hierarchy Process (AHP) is a form of
multi-criteria analysis (see Policy Briefing Note 6)
that is used to analyse complex decisions where
multiple perspectives need to be considered. It
was developed by Saaty (1980) to help decisionmakers find the option that best suits their goal
and understanding of the ‘problem’, while taking
into consideration factors that cannot be
quantified.

The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
looking at adaptation decision support tools, in
line with its objectives to advance the analysis of
impacts, vulnerability and adaptation, and to
promote knowledge sharing through an
Adaptation Platform (http://www.mediationproject.eu/platform/). To complement the
information on the Platform, a series of Policy
Briefing Notes have been produced on Decision
Support Methods for Climate Change Adaptation.
An overview of all the decision support tools
reviewed is provided in Policy Briefing Note 1:
Method Overview, which summarises each
method, discusses the potential relevance for
adaptation and provides guidance on their
potential applicability. The methods considered
include existing appraisal tools (cost-benefit
analysis, cost-effectiveness analysis and multicriteria analysis), as well as techniques that more
fully address uncertainty (real options analysis,
robust decision making, portfolio analysis and
iterative risk (adaptive) management). It also
includes complementary tools that can assist in
adaptation assessment, including analytic
hierarchy process, social network analysis and
adaptation turning points. Additional information
on each method is presented in a separate
Policy Briefing Notes (2 – 10).
This Policy Brief (Note 7) provides a summary of
the Analytic Hierarchy Process (AHP). It
provides a brief synthesis of the approach, its
strengths and weaknesses, the relevance for
adaptation, how it considers uncertainty, and
presents case study examples. It is stressed that
this note only provides an overview: more
detailed information is available in MEDIATION
deliverables, and sources and links on the
Adaptation Platform.

AHP is very flexible and can be adapted to
different needs and contexts. Criteria (or
attributes) and sub-criteria can be decided in
advance by the expert or through a participatory
process with stakeholders to increase
transparency, dialogue and ownership of the
process and outcome. There is no upper limit to
the number of criteria or sub-criteria, except for
the time that is required to do the comparison.
Criteria can be both tangible and intangible and
defining them can involve as many participants
as required. The number of alternatives to
evaluate can also vary, though they should be as
mutually exclusive as possible. The types of
decision situations in which the AHP can be
applied include choices, ranking, prioritisation,
resource allocation and conflict resolution and
clearly these have relevance in many areas of
climate adaptation.
A series of steps are involved in undertaking the
method (Saaty, 1980: 2005: 2008):
1. Define the ‘problem’ or adaptation challenge,
i.e. the need and purpose of the decision (goal),
listing the alternatives to evaluate (e.g.
adaptation options), setting-up the criteria and
sub-criteria (attributes) by which to evaluate the
alternatives (or adaptation options) and
identifying the stakeholders and groups to
involve in the process.
2. Structure the issue, including the decision
hierarchy, and identify the top-level criteria, the
intermediate criteria, and the set of options.
3. Undertake the pairwise comparison. This
compares the elements to one another, two at a
time, with respect to their impact/ importance on
an element above them in the hierarchy. This

1

Decision
Support

7

uses numerical values (e.g. as in the scale below)
to conduct the pairwise comparisons,
constructing a set of pairwise comparison
matrices. Several matrices are produced to
compare the alternatives (e.g. adaptation
options) with respect to each criteria, and the
criteria with respect to the goal.
4. Calculate relative priorities. This can be done
using a spreadsheet, or software, such as
ExpertChoice.1 The values in Step 3 are
processed to obtain numerical priorities or
weights for the criteria and alternatives.
Depending on the problem at hand, a priority or
weight can refer to importance, preference or
likelihood.
5. Aggregate priorities. The final step is to
aggregate relative priorities to produce overall
priorities (final evaluation metrics) which sum to
1.0.

The Application to Adaptation
AHP has been used in a wide variety of fields
including engineering, business strategic
management, education and quality assessment.
The approach has high relevance for the analysis
of climate adaptation related decisions, given it
is useful where a range of stakeholders are
dealing with issues that have a high degree of
complexity, that involve uncertainty and risk, and
include subjectivity, i.e. human perceptions and
judgments. It is also potentially useful when the
outcomes have possible long-term
consequences (Bhushan, 2004).
The tool has a particular relevance where
important elements of the decision are difficult to
quantify or compare, or where different expertise,
goals, and world-views are a barrier to

1

http://expertchoice.com/

2

consensus-building and communication.
In the context of climate adaptation, the method
can be used to compare a set of adaptation
options against a set of defined criteria using
participants’ experience and judgment about the
issues of concern. It allows the comparison of
diverse elements that are often difficult to
measure in a structured and systematic way
using a scale. This makes it particularly relevant
for sectors or key criteria where quantification is
challenging.
The first applications of the approach to climate
change were in the context of the global
negotiations on climate change (Ramanathan,
1998) and later in mitigation policy instruments
(Konidari and Mavrakis, 2007). AHP is now
increasingly being applied in the area of climate
change adaptation. It was applied using a
participatory approach for the integration of
indigenous knowledge within adaptation
strategies in the Tabasco Plains of Mexico
(Ponce-Hernandez and Patel, forthcoming), in
the evaluation of adaptation options for human
settlements in South East Queensland (Choy et
al., 2012), in the integration of GIS modelling to
look at crop impacts in Australia (Sposito, 2006)
and to explore the impacts of storm surge and
sea level rise in Canada and Caribbean (Lane
and Watson, 2010). Yin et al (2008) applied AHP
to evaluate adaptation options for the water
sector in the Heihe River Basin in north-western
China, resulting in a higher preference for
institutional options for managing water demand
(imposing constraints on large consumers, water
conservation initiatives through water user
associations, and transferrable water allocation
permits), rather than ‘hard’ engineering options
for increasing water supply.

Analytic Hierarchy Process
The AHP method can evaluate adaptation
options against a range of different criteria in the
context of an overarching climate adaptation
goal by comparing them to one another, two at a
time (pairwise comparison). These comparisons
are made using a scale that represents how
much more one element is preferential to another
given the criteria and options chosen are as
mutually exclusive as possible.

Strengths and Weaknesses
A key part of the MEDIATION project has been to
identify the strengths and weaknesses of
different approaches. A summary of some of the
strengths and weakness is outlined below.
The main strength of AHP is the ability to directly
compare tangible and intangible elements, taking
into account the opinions and preferences of a
wide range of people in the analysis of complex
problems. This allows it to be used in contexts in
which other decision tools cannot be used. The
approach also provides results in a simple

ranking that is easy to communicate. As well as
the application in areas where quantification or
valuation is difficult, it can also compare options
against qualitative criteria, even in areas which
are not directly comparable using conventional
decision support techniques.
The potential weaknesses relate to the increased
complexity of application and time taken to apply
the approach if many criteria, sub-criteria and
options are considered, and the somewhat
subjective nature of the results (athough an
inconsistency index can be calculated. The use
of software can also conceal conflicting value
judgments.

Case Studies
The MEDIATION study has reviewed existing
literature examples that have applied AHP to
adaptation. The project has also undertaken two
case study applications, summarised in the
boxes below

Key strengths

Potential weaknesses

• Can be applied to complex problems where
decision elements are difficult to quantify or
not directly comparable.

• Results change as new options / alternatives
are considered in the analysis.

• Relatively simple approach and produces
simple rankings that are easy to communicate.
• Does not require information on economic
benefits and monetary valuation, and so it is
applicable to areas that are difficult to value
(e.g. ecosystems), difficult to quantify (e.g.
equity) or that are contentious.
• Can accommodate a wide range of disciplines,
opinions and groups of people who do not
normally interact.

• Becomes complicated if many criteria and
options are considered. Some criteria are not
independent so this can bias or complicate the
way in which they are assessed.
• Subjective scale can lead to biases and it is
subject to human error.
• The use of software can conceal conflicting
value judgments.
• Linked to the previous point, trans-disciplinary
capacity building can be undermined at the
cost of the expediency (Cartwright et al., 2012)
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Case Study 1 – Adaptation options for agriculture in the Guadiana River Basin, Spain
The first case study was focused on the Guadiana river basin in south-central Spain, with an
application of AHP to adaptation in the agricultural and water sectors. This basin is expected to be
one of the most seriously affected by climate change in Spain, with potentially high impacts on
irrigated agriculture. The case study began by specifying the adaptation strategies being considered
by policy-makers at the national and regional level, representing the starting point for a stakeholderdriven appraisal and prioritization of potential options.
Options and criteria
The Government of Extremadura initiated its Climate Change Strategy in 2009, which included a Climate
Change Adaptation Plan for the Agricultural Sector (Junta de Extremadura, 2011). This aimed to identify
the main impacts on the sector and define adaptation measures to guarantee its viability, minimizing
the negative consequences of climate change as well as maximizing potential new opportunities.
The Plan contained seven programmes to tackle adaptation to climate change for the agricultural sector
in Extremadura: Increasing Water Availability; Management and Planning of New Crops; Reduction of
Vulnerability against Extreme Climate Conditions; Plant Health; Research and Development; Training and
Information for farmers; and Leveraging positive impacts. Drawing from these programmes and the
specific measures they included, the AHP aimed to prioritize adaptation options in the Guadiana River
Basin. Four options were identified according to their feasibility and their relevance for the area under
study, and a range of criterion were chosen. These are summarised in the hierarchy tree in Figure 1.

Figure 1. AHP hierarchy for agricultural adaptation options.

The next step was to carry out a pairwise comparison, comparing individual elements to one another,
with respect to their impact or importance on an element above them in the hierarchy. Firstly,
participants were asked to compare the relative preference for each of the measures with every criterion.
For example, for the first criterion, feasibility of legal and political implementation (of the chosen
measure), participants compared one option against another in relation to the ability of each option to
be designed, supported and implemented from a legal and political standpoint. This exercise was
repeated with each of the six criteria. Secondly, participants were asked to assess the relative
importance of each of the criteria with respect to the achievement of the goal. i.e. they compared the
relative importance of each criteria for the adaptation of the agricultural sector to climate change in the
Guadiana River Basin. Answers were processed using the decision-making software Expert Choice.
The results are shown below in Figure 2.
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The results are shown below in Figure 2.

Figure 2. Aggregate results from the AHP exercise for adaptation options.

The aggregated results show that the options Choice of new crop varieties best suited to new
climate conditions and Improving technical efficiency in the use of water were equal first position
in the ranking. Creation of agricultural insurance systems ranks third and finally Increase reservoir
storage capacity ranks fourth. Choice of new crop varieties best suited to new climate conditions
and Improving technical efficiency in the use of water performed well under all selected criteria,
ranking first except for financial feasibility and speed of implementation, whereas Creation of
agricultural insurance systems ranked first due to its lower cost and ease of implementation. The
Increase reservoir storage capacity option was ranked low in aggregate terms and was highly
controversial and criticized by most respondents, who made reference to the high cost and large
environmental impact of this option.
When analysing the criteria, the protection of environmental resources was the most influential criterion
at the aggregate level with a weight of 35.4%, followed by financial feasibility and capacity to generate
employment. The protection of environmental resources was the dominant overall criterion given
support by all respondent groups, even farmers. Similarly financial feasibility was highly ranked by most
groups, especially policymakers.
The AHP analysis showed that at an aggregate level, options related to private farming (new crops and
irrigation efficiency) ranked highest, public-funded ‘hard’ measures (reservoirs) ranked lowest, and
public ‘soft’ measures (insurance) fell in the middle. Environmental criteria were preferred to socioeconomic and technical criteria. There were, however, differences in the ranking between groups. Whilst
environmental organisations and academics ranked climate change options similarly to the average
aggregate, policy makers preferred ‘soft’ measures (insurance) and discarded large irrigation
infrastructures (probably due to financial, political and environmental constraints). Farmers’ priorities
were technically-oriented, giving the highest ranking to the construction of water storage infrastructure.
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Case Study 2: Adaptation Options for Viticulture in Tuscany, Italy
Wine production is one of the most important, traditional economic activities for Tuscan farmers, and
viticulture shapes the Tuscan hills unique landscape, which has high tourism benefits (Trombi et al.
2011). Recent wine production has moved to high-quality production, with lower yield, less
chemicals and increased value, and there is an increasing number of agri-tourism farms (Trombi and
Bindi, 2008). However, climate change will increase temperatures, and is considered likely to
decrease precipitation and increase variability (Moriondo et al., 2011). These changes have the
potential to lower yields and increase the variability of production and quality of wine (Bernetti et al.,
2012; Moriondo et al. 2013). Whilst there are many potential adaptation options for preserving the
quality and quantity of production, further analysis and appraisal is required to identify which options
can successfully be applied to the particular context of Tuscan viticulture.
Appraising options
The goal of this AHP exercise was to identify “the best adaptation measure for Tuscan viticulture in a
climate change scenario”. The analysis identified the following three adaptation options:
• Selection: set up a genetic selection program in order to make the current cultivated varieties
more suitable for projected climate conditions. This option was chosen based on expert
judgment, and because it could help in the analysis of the preferences expressed;
• Relocation: relocation of the vineyards towards higher elevations, to reduce the impact of
changes in temperature and keep cultivation in conditions similar to the present; and
• Switch: switch to other, southern varieties, more suitable for the warmer and drier conditions
projected for the region.
The “Selection” option was chosen on the basis of expert judgment, while the other two
(“Relocation” and “Switch”) were chosen on the basis of a previous study (Moriondo et al., 2011).
Four criteria were used in the AHP exercise: Economical Profitability and Cost, Technical Feasibility,
Social-Institutional Acceptability and Flexibility of the Measure. The selection of the criteria was
based on expert judgment. The hierarchy is shown in the Figure below.

Figure 3. Hierarchy of the AHP exercise in the online tool.

A range of local stakeholders were selected and participated in the AHP exercise including technicians,
landscape architects, representatives from the scientific community, producers’ associations/extension
services, agriculture, an environmental association and a politician/administrator. A web-based
application2 was developed to allow the remote participation of the stakeholders and to increase the
probability of a higher number of participants. The software reproduced the steps of the AHP method,
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with an animated help function to facilitate the user during the process.
Results
The stakeholders chose the Selection option as the best adaptation measure for Tuscan viticulture
(0.603) by some margin, followed by Relocation (0.200) and then by the Switch (0.197) option (Table 1).
Economic profitability and costs was ranked as the most important criterion by the stakeholders, at
0.470 (Table 2) and performed well against all the other criteria (Table 3). Technical feasibility was ranked
as the second most important criterion (0.262), and performed well against the Social-Institutional
acceptability criterion (3.492), and slightly better than Flexibility (1.578). The Flexibility of the measure
was ranked third (0.141) and was considered only slightly more important than the Social-Institutional
acceptability, which was ranked as the least important criterion (0.127) in the decision process.
Table 1. Stakeholders’ prioritisation of the
adaptation options
Option

Priority

Selection

0.603

Relocation

0.200

Switch

0.197

Table 2. Stakeholders’ prioritisation of the criteria.
Criterion

Priority

Economic profitability and costs

0.470

Technical feasibility

0.262

Flexibility

0.141

Social-institutional acceptability

0.127

Table 4 shows the performance of each option against the others, under all the criteria: e.g. the
Selection option performed quite well under all criteria compared to both other options. i.e. the
Selection option was considered from moderately to definitively better/more important than
Relocation, in particular, with respect to Flexibility, Social-institutional acceptability, and Technical
feasibility (first data row of Table 4). The Selection option showed a similar performance with respect
to the Switch option. The Relocation option ranked slightly better than the Switch option (second
data row of Table 4). However, the Switch option, was chosen once by stakeholders, when compared
with Relocation, due to its slightly better Technical feasibility (red cell in third data row of Table 4). The
results reveal that the most preferred option is Selection, which allows current cultivated varieties to
continue and the preservation of tradition, quality and brand. It is also perceived as profitable, flexible,
easy to implement and would probably incur less resistance from society than the other options.
Table 4. Options performance for each criterion

Table 3. Criteria performance
ECO
ECO FLX

FLX

SOC

ECO

TEC

0.922 0.634

SOC 0.332 1.085 -

Selection

TEC

2.816

3.857

3.857

3.762

1.943

3.286

2.886

1.238

1.057

0.712

Switch

0.286

TEC 0.364 1.578 3.492 -

SOC

Relocation

2.917 3.016 2.749

0.343 -

FLX

Selection

3.068
Switch

Relocation

1.335

The exercise allowed different stakeholders – who often do not often communicate with each other – to
interact, and to produce a final, coherent and quantitative result, highlighting priorities for further research.
2

For more information about the web-based AHP application, please contact Giacomo Trombi (giacomo.trombi@unifi.it).
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Discussion and Applicability
The review and case studies provide a number of
practical lessons on the application of AHP to
adaptation. They provide useful information on
the types of adaptation problem types where
AHP might be appropriate, as well as data
needs, resource requirements and good practice.
The approach is considered particularly
applicable when assessing both quantitative and
qualitative criteria, even those which are not
directly comparable using conventional decision
support techniques. While promising, it is
necessary to understand the limitations of the
approach e.g. the evaluation and analysis can
become more complicated the higher the
number of options and criteria / sub-criteria that
are included. However, the ability to compare
tangibles and intangibles and incorporate a
range of preferences from different actors is
highly relevant where differing decision lifetimes,
time horizons, scales and uncertainty are
important considerations.
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Key Messages
• There is increasing interest in the appraisal of
options, as adaptation moves from theory to
practice. In response, a number of existing
and new tools are being developed and
applied including methods that address
various sources of uncertainty in making a
decision.
• The FP7 MEDIATION project has undertaken a
detailed review of these tools, and has tested
them in a series of case studies. It has
assessed their applicability for adaptation and
analysed how they consider uncertainty. The
findings have been used to provide
information and guidance for the MEDIATION
Adaptation Platform and are summarised in a
set of technical policy briefing notes.
• Social Network Analysis (SNA) analyses
social networks and institutional actors
(organizations, individuals, interest groups,
etc.) and their linkages (socio-institutional
relationships), mapping the influence and the
exchange of information to assess adaptive
capacity.
• SNA explores socio-institutional processes,
and identifies the context and governance
around decisions. It highlights institutional
arrangements and structures, the decision
framing of actors, their approach to dealing
with information (confidence and uncertainty),
the competence for action, and the laws,
regulations, values and norms that are likely to
guide decisions.
• The approach has high relevance for
adaptation. It builds on the growing
consensus that adaptation is a process, i.e.
that implementing adaptation involves more
than a set of technical options. There are
important barriers to adaptation that are part
of existing socio-institutional processes and
these can be revealed and subsequently
negotiated through SNA. It can also
investigate the evaluation of uncertainty, i.e.
how decisions are framed and subsequent
choice of appraisal tools.

• The MEDIATION review has considered the
strengths and weakness of the approach for
adaptation.
• The main strength is SNA provides a
formalised method to visualise stakeholder
and knowledge networks, and in doing so, to
understand them in the context of future
action. It provides information on institutional
actors and relationships, their decision
framing, and the influence and exchange of
information for progressing adaptation and
overcoming barriers. It can also relate these to
qualitative metrics and use these to
benchmark progress towards outcomes.
Qualitative SNA is quick and relatively easy to
do and encourages participation across
diverse viewpoints and actors. Quantitative
SNA extends to provide correlations on key
variables to further understanding.
• The potential weaknesses involve the
subjective bias, including participation bias for
qualitative SNA, and the high survey size and
time needed for quantitative SNA.
• Previous applications of SNA for adaptation
have been reviewed, and Mediation case
study applications are summarised.
• The review and case studies provide useful
information on the range of adaptation
problem types where SNA might be
appropriate, as well as data needs, resource
requirements and good practice lessons. The
approach has wide applicability and is
considered useful for adaptation planning and
the links to choices of tools. Good practice
suggestions are included, such as the need
for balanced representation in qualitative
SNA, and the need for high sample sizes for
quantitative SNA.

Social Network Analysis
Introduction

Description of the Method

There is increasing policy interest in the appraisal
of options, as adaptation moves from theory to
practice. At the same time, it is recognised that
the appraisal of climate change adaptation
involves a number of major challenges,
particularly the consideration of uncertainty. In
response, a number of existing and new decision
support tools are being considered for
adaptation.

The varying definitions of the term ‘social
network’ reflect its conceptual and
methodological development initially in
mathematics (graph theory) and sociology, and
more recently in environmental sustainability and
related interdisciplinary areas, particularly
resilience of social-ecological systems.

The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
looking at adaptation decision support tools, in
line with its objectives to advance the analysis of
impacts, vulnerability and adaptation, and to
promote knowledge sharing through a
Adaptation Platform (http://www.mediationproject.eu/platform/). To complement the
information on the Platform, a series of Policy
Briefing Notes have been produced on Decision
Support Methods for Climate Change
Adaptation.
An overview of all the decision support tools
reviewed is provided in Policy Briefing Note 1:
Method Overview, which summarises each
method, discusses the potential relevance for
adaptation and provides guidance on their
potential applicability. The methods considered
include existing appraisal tools (cost-benefit
analysis, cost-effectiveness analysis and multicriteria analysis), as well as techniques that
begin to address aspects of uncertainty (real
options analysis, robust decision making,
portfolio analysis and iterative risk (adaptive)
management). It also includes complementary
tools that can assist in adaptation assessment,
including analytic hierarchy process, social
network analysis and adaptation turning points.
Additional information on each method is
presented in a separate Policy Briefing Notes (2 –
10).
This Policy Briefing Note (Note 8) provides a
description of Social Network Analysis. It then
places SNA in the context of adaptation and
identifies strengths and weaknesses. Two case
studies from MEDIATION highlight issues in
applying the tool to real decision processes.
More detailed information is available in
MEDIATION deliverables, and sources and links
on the MEDIATION Adaptation Platform...

Network research focuses on human or
organizational actors and their social relationships,
and connections among them. For the purposes
here, ‘social network’ refers to institutional actors
and their linkages, as well as other actors
(individuals, organizations, interest groups etc.). It
relates to the analysis of governance and decisionmaking networks, which are close to the concepts
of policy and governance networks (e.g. Blanco et
al. 2011). By including multiple types of actors it
recognizes that informal ties as well as formal ones
are deeply involved in ‘governance’ (e.g. see
Pelling et al. 2008).
A number of methods are emerging that can
identify the various actors (or stakeholders)
involved in decision processes, and map out
these linkages. These can be represented
(visually) and analysed with network maps. These
can be further analysed, in qualitative or
quantitative terms using social network analysis
(for a summary see Taylor et al., 2012). The
background and key benefits of the approach are
provided in Box 1. Participatory social network
mapping and analysis reveals insights about the
substance of these relationships by making
explicit the types of flows between actors (e.g.
information, money, advice, policy, etc.) and the
perceptions of influence and power in the
network. Quantitative SNA provides a variety of
measures/indicators to help describe the overall
relational structure of a social network, as well as
the roles of individuals within it.
SNA can provide insights which can then be
explored further with other methods, notably
follow-up interviews, statistical analysis, agentbased modelling and participatory scenario
creation. SNA can be undertaken using
qualitative or quantitative methods. The main
difference is that quantitative SNA graphs are
‘whole’ networks rather than qualitative egocentric networks based on the perception of
(usually) just one actor. They are also more
comprehensive (i.e. more nodes and links) and
can be quantitatively analysed with SNA
software using standard statistical tests.
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Box 1: Key features of network mapping and social network analysis
Adapting problem framings. The initial visualization of a stakeholder-knowledge network can
provide areas for further exploration and research, e.g. identifying malleable barriers (Moser &
Ekstrom, 2010) or informal networks and ‘shadow spaces’ (Pelling et al. 2008), as well as ‘bridges’,
‘boundary-spanners’ (Berkes and Folke, 1998) and different types of ‘flows’ of resources including
‘informal capital’. These can be highly significant in facilitating change and influencing policy
processes, even if intangible in nature. It is quite common to find ‘discourse coalitions’ with a shared
understanding of the problem, but not necessarily the same ‘world-view’, or ‘advocacy networks’
where the ‘world-view’ may be the same but approaches differ (Turnpenny et al., 2005). Social
network analysis can help understand how and why actors behave the way they do, through analysis
of the structural pattern of relations (topology). It provides valuable insights to problem framings and
how uncertainty is dealt with. These characteristics help in climate adaptation ‘problem framing’ and
understanding different decision-making regimes.
Facilitating collaboration. Social processes express the structural pattern of relations in networks
and show how outcome variables influence how networks change and evolve over time (Borgatti and
Foster 2003). The existence of subgroups or clusters can affect the level of cohesion. For example,
weak ties can have negative effects on the capacity of subgroups to collaborate. The issue of
temporal as well as spatial scales is significant, since the time horizon for decision lifetimes amongst
actors can act as a barrier (UK CCRA, 2012). Working cooperatively and collaboratively across a
network appears to be an effective way of creating change. Single organizations can access (and
benefit from) the depth and breadth of resources but also the knowledge, understanding, skills and
expertise needed to build adaptive capacity. Such work is challenging to coordinate, requiring skill
and resources, which can be provided by a ‘Linking Pin’ organization (Carley and Christie, 2000), i.e.
for cross-organizational support. Network mapping can identify areas where these changes can
occur and the discussion and analysis of conflicting or synergistic goals (barriers to cooperation and
collaboration). Identifying these goals is also part of the participatory process when creating network
maps. Not all flows are ‘positive’. Bodin and Crona (2009) cite examples of the correlation between
network density and joint action. They also note that there may be a threshold above which network
density becomes counter-productive in facilitating collective action (e.g. Oh et al., 2004 in Bodin and
Crona, 2009) due to the homogenization of information and a lack of ‘new’ knowledge leading to less
efficient resource use and/or reduced capacity to adapt to changing conditions.
Agents of change. Network topologies can be analyzed at the network-level, but also at the nodelevel focusing on institutions or actors. Assessing the position of the actor in the network and the
number and strength of their relationships reveals their structural position to influence other actors.
The centrality of an actor allows analysis of the level of influence, but also the role they can play in
the network as a bridge that connects others (Cash et al. 2002). An actor connecting with many
others has the ability to influence the flows between actors. Identifying central actors is a useful way
to understand dominant decision framings, how these are used and the effect on collective action. In
this regard, central actors located in strategic positions can be potential ‘agents of change’ in the
network or ‘adaptation champions’.
Inter-agency coordination. Options identified by different parts of a governance system often relate
to who has control over the decision process, jurisdiction, political interests, funding, etc. (Renn,
2008 in Moser and Ekstrom, 2010). If the breadth of the system of concern covers many jurisdictions,
the issue requires cross-coordination to implement options (Moser & Ekstrom 2010). The beneficial
aspect of clusters is that they may facilitate the development of specialized and tacit knowledge
within their own sub-groups. This is valuable for the knowledge diversity of network as a whole,
provided that there are also mechanisms for knowledge transfer and boundary-spanning (Berkes and
Folke, 1998) to facilitate ‘joined-up thinking’ between specializations, to lead to new knowledge and
action. This can enhance integrated management and cross-sectoral planning. Without knowledge
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transfer, the opposite effect can manifest itself – very low collaboration and cooperation or
reconciliation of actors with differing goals and objectives.
Types of Networks. A simple illustration of types of network topologies is shown below (Figure 1).
These examples outline different types of networks based on number of peer connections, density of
relations, role of boundary nodes between isolated networks and degree of cohesiveness,
inheritance of links as organizational structures, subgroups interconnectivity and degree of network
centralization.
Type 1. Individual action predominates. While people are connected in various ways, most actions
are at the organisation/individuals own level and independent of what others believe or are doing. In
this type of network, the psychology of individual action dominates. At this level, there may be a
diversity of approaches to uncertainty and there is little need for a consensus view. The construction
of the problem is usually highly constrained and mostly short-term with rather limited information on
long-term futures.
Type 2. Individuals and groups are connected in an egalitarian space. There are various links but the
network tends to be ‘like-minded’ and the structure of the problem is similar across actors.
Uncertainty may not be explicit—rather reduced to tacit assumptions common in peer networks and
reflected in cultural and group norms rather than a science-policy dialogue as such.
Type 3. Many organizations have hierarchical decision making with a leader (and even an meta-level
organisation e.g. a Board) defining policy that is translated into strategy and action. Uncertainty can
be explicit, although it tends to be wrapped into how the organization is structured and procedures
that are in place for other purposes. Co-management would be the opposite to this, where multiple
actors are involved in the governance to varying degrees as opposed to top-down centralized
management. Adaptive co-management emphasizes flexible joint management processes, which will
allow the continuous application of new knowledge where relevant (Bodin and Crona, 2009).
Type 4. A hybrid of two or more kinds of networks, which is often the reality. Two egalitarian
networks for instance might be linked, each with its own approach to uncertainty. In such cases,
there is more than one decision framing in play and uncertainty may enter the decision in different
ways.

Figure 1. Illustrations of peer-oriented network types.
Type 1 (left): Individualistic, few links between nodes.
Type 2 (centre): Egalitarian more connected.
Type 4 (right): Multiple networks in a hybridisation.
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There are many ways to apply SNA to a
particular context. The main steps in quantitative
and qualitative SNA are outlined below.
Quantitative Social Network Analysis
Quantitative SNA aims at capturing the entire
relevant network. The steps for quantitative
social network analysis are:
• Clarifying objectives and defining the scope of
analysis (e.g. mapping a knowledge domain).
• Developing a survey methodology and
designing the questionnaire.
• Identifying the participants (network) and
providing justification for boundaries (if
appropriate).
• Collecting survey data and gathering further
information from other resources.
• Analysing the data through formal methods.
• Reviewing process and outcomes to identify
problems/opportunities.
• Designing and implementing actions to bring
about desired changes.
• Mapping the network again after an
appropriate period of time.
This is a resource intensive task, and field
research requires very high response rates, and
high resources, as any missing data can weaken
the analysis. Other approaches using existing
data (e.g. co-citation networks, online
databases, household surveys) can also be
considered, though it is not always easy to
extract relational information or perform suitable
data transformations.
Qualitative Social Network Analysis
Qualitative social network analysis or social
network mapping (SNM) takes advantage of the
early steps above – the interviews, surveys or
focus group discussions – to elicit information on
the relevant networks. It can facilitate rich
discussions, shared understanding and
increased awareness between different
stakeholders. This can be part of a rapid
appraisal before detailed analysis begins. It can
also identify entry points for policy influence
(Turnpenny et al., 2005) and other ‘flows’ of
resources which can include ‘informal capital’.

4

A number of approaches and tools can be used
for network analysis. Following Schiffer (2010),
the NetMap guidance is a useful example for
applying the approach in a participatory way. The
method is usually applied using flipcharts, post-it
notes and flat counters with a group of
stakeholders who are split into homogeneous
groups related to the type of institution they
belong to e.g. Government level representatives,
NGOs, farmers, etc.
Once the adaptation research question is well
defined, participants go through the mapping
exercise including an analysis of the network,
and then come back into plenary for a discussion
of the different networks from the different
stakeholder perspectives. This enables a better
‘shared understanding’ of differing world views.
A range of software exists for both quantitative
and qualitative SNA. This includes software for
visualisation and analysis, such as GEPHI,
UCINET, ORA and NetDraw.

The Application to Adaptation
The IPCC special report on extreme events
(IPCC, 2012) confirms the viewpoint of
adaptation as a socio-institutional process,
defining adaptation as a process of adjustment
to the actual or expected climate and its effects,
in order to moderate harm or exploit beneficial
opportunities.
There is now an increasing body of research on
the role of socio-institutional networks in climate
adaptation as there is for natural resource
management (Bodin and Crona, 2009, Stein et
al., 2011). Downing (2012) contrasts a predictand-provide viewpoint with a process-based
understanding of adaptation. Berkhout et al.,
(2006) found that many of the resources required
for carrying out the process of adaptation lie
outside the boundary of a particular organization.
As a result, inter-relationships between
organisations are influential in determining how
(and if) adaptation processes will occur.
Following from this, it is important to identify the
existing socio-institutional landscape and
feedback processes in climate adaptation
research, to speed up the necessary ‘climateadapted routines and capability to be developed’
(Berkhout et al., 2006). This process-based
understanding requires a ‘mapping’ of the
problem framing and actors. SNA has the

Social Network Analysis
advantage of providing a baseline (the current
stakeholder regime) while enabling various
institutional scenarios of future adaptation
processes to be evaluated. With qualitative and
quantitative analysis, SNA provides a deeper
analysis of institutions than simple inventories or
static checklists. See Box 2 for the main features
in the analysis of network topologies.
The application of SNA to adaptation is well
suited to evaluating how socio-institutional
networks and relationships between the actors
(and their actions) might evolve over time. It is
also necessary to consider the differences in
decision framing and the links to uncertainty. This
includes four common levels of decision framing:
• Architecture of stakeholders and knowledge;
• Defined decision boundaries, i.e. what is in
scope;
• Decision making, i.e. the methods, tools and
metrics;
• Implementation and organisational
responsibility for specific strategies and
actions.
These are features of an adaptation pathway (see
Box 3). Information on these aspects allows
analysis of the value of information in making a
decision, and on the consideration of uncertainty,
noting the framing of the uncertainty has a strong
socio-institutional component, which cuts across
all four of the areas listed above.
Understanding the framing of the problem across
actors can therefore be informative in looking at
adaptation and the context for decision making
under uncertainty.

indicators. However, it requires a large sample
size, or ego-centric partial networks. It tends to
focus on methodology and technical issues
rather than on hypotheses and theories, and can
be subject to the over-interpretation of results.
Further, data are often difficult and resource
intensive to obtain, and empirical studies are
often quite small, which can make it hard to use
for exploration of alternative measurement
strategies
Qualitative SNA is quick and relatively easy to do
and encourages participation across diverse
viewpoints and actors. It also avoids some of the
more complex classifications or jargon involved
in more formal quantitative applications. The
engagement also reveals insights that would be
difficult to get any other way. The disadvantages
are that results are highly dependent on which
actors are involved in the exercise, and their
participation which can bias results (high
subjectivity). It can also be difficult to integrate
different perspectives to produce cohesive maps
of whole networks, especially where multiple
scales are involved or to bring together actors
that have very different perspectives.
A key issue (and potential weakness) in SNA is
how the question is framed, because this
influences the responses. This structured
subjectivity contrasts with other potential
methods.

Strengths and Weaknesses
The MEDIATION project identified the strengths
and weaknesses of different approaches to SNA.
A summary is outlined below.
The main strength of Social Network Analysis is
the information it provides on the existing
institutional actors and relationships, the existing
decision framing, and thus the influence and
exchange of information for progressing
adaptation.
Quantitative SNA provides additional information
and can explore correlations between network
variables and attribute variables or other social
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Box 2: The Concepts of Networks
The structure of a network is comprised of a topology of points, linkages and structural forms. These
differ within networks, depending on the type of actors, which actor is the focus, whose perspective
is used, and affect social processes such as knowledge transfer, information sharing, flows and
exchange of types of capital, consensus building and power relations. Key issues and illustrative
examples for climate adaptation are provided below.
Strength of connections. The ‘strength of connections’ refers a) to the proximity of actors to each
other and b) the number of links between actors. The closer the actors are to each other and/or the
more the links, the stronger the bond. Ties within cohesive subgroups are known as ‘bonding ties’.
Adaptation example: an existing research network with strong ties will be more productive than
establishing a new network solely dedicated to climate adaptation.
Bridges. Bridging actors link actors and institutions. They may span ‘clusters’ of actors who have
specialized knowledge and provide access to new knowledge for others. Links between subgroups
are known as ‘bridging ties’ and are important for innovation and adaptive management. A lack of
links to important or influential actors can also be a barrier and an area where ‘boundary-spanning’
actors (Berkes and Folke, 1998) have an important role to play. Example: the Dialogue on Climate
and Water bridges two communities of practice.
Clusters. A cluster is where actors have significantly more ties between group members than
between members and non-members. The existence of many sub-clusters within a network can be a
barrier, as low ‘network cohesion’ can produce ‘us-and-them’ attitudes or keep organizations with
different agendas apart. Example: integrated assessment modelling is a technical area that tends to
concentrate learning among specialists, with relatively limited access from other disciplines or
perspectives.
Centrality. There are several types of centrality: for example, degree centrality (number of ties an
actor has) and ‘between-ness’ centrality (the degree to which an actor connects other actors who
would not otherwise be connected). Degree centrality can be problematic if there is too much
responsibility for one actor. Example: The Intergovernmental Panel on Climate Change creates a
central tendency in networks as a singular focus for expertise on climate vulnerability, impacts and
adaptation.
Homogeneity versus heterogeneity. Bridging ties can be important in building trust amongst
unconnected actors and facilitating information exchange. Bridging ties link clusters of
homogeneous actors to other different, yet homogeneous actors. These ties can link different types
of actors both vertically and horizontally. Example: participatory processes that engage social
entrepreneurs, local decision makers and global experts are vastly heterogeneous and are a
challenge to manage as productive adaptation processes.
Goals – conflicts and potential synergies. Moser and Ekstrom (2010) outline that adaptation may
be ‘initiated in non-climatic windows of opportunity (e.g. infrastructure replacement, renovating a
building) or moments of potentially high human ‘agency’ (Ballard et al., 2012). The differing goals of
various actors can create obstacles to adaptation, because institutional goals or values and norms
are not aligned, or there is disagreement about the strength of the climate signal (Berkhout et al.,
2006). Example: social network analysis in small islands highlights the disparity between the rights of
local resource-based livelihoods and the imperative of long term coastal zone management faced
with sea level rise.
Influence. The perceived influence of different actors can reveal insights into why overall objectives
on climate adaptation are not being met. Outliers are interesting if they are influential and do not
possess a large number or ‘bonding’ or ‘bridging’ ties. Insufficient linkages leads to less potential for
intervention and capacity building. Example: the shift from ‘impacts’ as an environmental issue to
‘adaptation’ in the allocation of finance is also one of influence between relatively weak ministries
and the role of the state in managing the economy.
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Social Network Analysis
Box 3. Network analysis and future stakeholder regimes
Institutional scenarios and opportunities. Institutional mapping allows a group (stakeholders or
experts) to play out scenarios of different knowledge-action networks. It is often useful for thinking
through particular outcomes which may be ‘known’ by stakeholders, or ‘anticipated’ but not readily
articulated. Often, building adaptive capacity is seen as adding staff or increasing skills within an
organization. However, the real challenges are likely to require new institutional relationships and
even new players.
Given a map, participants can take an actor out of the network (or add a new one) and ask ‘what
changes? ’Not identifying, and losing, ‘windows of opportunity’ for making decisions is a common
impediment to effective and strategic adaptation planning. While such windows may be internal to an
institution, often they realign the network as well. Thus, differing agendas and time-horizons for
decision-making in different institutional bodies can lead to conflicts in implementing adaptation
plans or result in missed opportunities for collaboration or for facilitating the emergence of a
demand-led institutional entity.
Building adaptive capacity and avoiding ‘lock-in’. The topology of a network can help to explain how
actors and networks behave and some topologies are more likely to foster adaptive capacity and
governance than others (Sandström and Rova 2010).
Low density networks with few or weak connections between actors or sub-groups or with strong
hierarchies are associated with lower potential adaptability because of the divergence and
competition of views, absence of a common understanding and common problem definition, as well
as common decision space for the management of natural resources. In this context, it is more
difficult to strive for legitimacy of formal management rules (Sandström and Rova 2010, Bodin and
Crona 2009).
On the contrary, denser networks or decentralized and less hierarchical networks can facilitate
bridges between disparate views and help formulate shared understandings and framings of the
problem leading to a more sound management strategy based on collective action. This can be
important over time where it is key to remain flexible and adaptive to new information as it arises
instead of becoming ‘locked-in’ to a particular pathway because of previous investments.
It has been suggested that a successful management strategy (particularly, in governing natural
resources) is one where actors, during periods of stability, develop new relational ties with various
other actors and stakeholders which can be drawn upon in times of change (Olsson et al., 2006) and
this resonates with the proposition that informal networks or ‘shadow spaces’ are especially useful in
times of changes (Pelling et al. 2008).
Adaptive management. Generally speaking, empirical studies support the hypothesis that the higher
the network density (i.e. the number of existing ties divided by the number of possible ties), the more
potential for collective action due to increased opportunities for communication, and over time,
reciprocity and trust (Bodin and Crona, 2009).
This support can facilitate ‘joined-up’ and integrated thinking. If the network is responsive and
flexible, this density is also an important aspect of ‘adaptive management’ as it allows the
development of knowledge though the exposure to both an increased amount of information and
new knowledge through boundary spanning actors who act as vehicles for knowledge transfer. In the
absence of these actors, there can be areas for intervention, either by groups coming together in
new institutional arrangements, facilitating new connections between actors, or through the creation
of other ‘platforms for communication’ such as online communities or the formalisation of ‘networks’.
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Key strengths

Potential weaknesses

• Can generate an understanding of socioinstitutional structures, actors and linkages,
and ways to improve information and
knowledge transfer

• Subjective bias and can be difficult to
generalise.

• Can provide information on decision framing
and key actors.
• Can provide quantitative information and
correlations to understand network variables
(quantitative SNA).
• Qualitative SNA is quick and relatively easy to
do and encourages participation across
diverse viewpoints and actors.

• Time-consuming, intensive process
(quantitative SNA).
• Does not have a temporal or spatial
dimension.
• Networks have artificial boundaries (often
necessarily).
• Design of process is critical to get as many
differing viewpoints as possible.

Case Studies
The MEDIATION study has reviewed existing literature examples and has applied network analyses
to a number of adaptation case studies (see Varela-Ortega et al., 2013, Bharwani et al. 2012, Zhu
and van Ierland, 2013 for more details). The case studies are summarised in the box below.

Case Study 1 – Quantitative Social Network Analysis in Finland
The first MEDIATION case study, focusing on Finland, used egocentric SNA to investigate farmers’
involvement in environmental conservation through their relationships with other actor-types, i.e. with
conservation stakeholders. The research was investigating the effectiveness (for the local ecology
and economy) of agri-environmental schemes (AES), and their role as potential adaptation options in
the context of future climate change. These schemes are an existing policy instrument for enhancing
biodiversity in Finnish agricultural landscapes, promoting active management and maintaining the
conservation values of semi-natural grasslands and other traditionally managed biotopes.
A survey was sent to farmers in two locations (SW Finland and Pirkanmaa), most of whom had an
agro-environmental agreement (AEA) in place. The survey collected information about farming
practices, farmer attitudes towards conservation, and other farmer attributes. It also included a
section (related to SNA) which asked whether they had a connection or not to each of 14 different
actor categories. The response rate was 20%, with just under 400 answers, with over 250 of these
fully completing the survey section on their networks.
The network analysis method was adapted to understand the role of different organisations in the
communications about adoption of AEAs and the channels of potential influence and dissemination.
Information about networks was included as an attribute, and was used to visualise and to make
statistical comparisons across several other variables.
While a complete network and structure properties could not be constructed from the responses,
because connections were directed to categories of actors/ actor-types rather than individually
(uniquely) identified actors, the survey provided important information on individual networks.
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Social Network Analysis
The overall set of responses were analysed
calculating the proportion of farmers having a
connection with each actor type. Several actor
groups had an overall connectivity of > 80%
(administration of rural affairs, Forestry Union,
Other farmers and forest owners and local
hunters).
Figure 2 shows results presented using R
statistical software (R Core Team, 2012) and its
packages for network analysis and visualisation
(Csardi and Nepusz, 2006).

Figure 2 Caption-size of node labels and size of node is
scaled to proportion farmers of connections.

Subgroups in the farmer responses were analysed and compared. Subgroup categories were farm
location (alternatives were SW Finland and Pirkanmaa), farm type (alternatives were animal
husbandry and crop) and type of AEA (alternatives were normal and special). Differences among
each pair of alternatives were assessed visually, by comparing network diagrams, and statistically, by
using Chi-squared tests of differences in the proportions. The tests showed that, significantly,
1) farmers in Pirkanmaa were more connected to local forest management than farmers in SW Finland
2) farmers with special AEA were more connected to environmental administration and less
connected to local industry than farmers with normal AEA
3) farmers involved in animal husbandry were more connected with the Union for agriculture and
forest producers than farmers involved in crop agriculture.
The analysis showed differences in the way that various farmer subgroups connect with other
conservation stakeholders. While further network analysis and sampling would help in understanding
the networks and the wider survey results (i.e. regression analysis), the study has provided interesting
findings that identify areas for further research.
Case Study 2 – Qualitative Social Network Analysis in Spain
The second case study focused on Guadiana river basin, presenting an illustrative example of
adaptation decision-making in the agricultural and water sectors (see Varela-Ortega et al.,
submitted). This basin is expected to be one of the most seriously affected by climate change in
Spain, with a potential decrease in water resources of 11% by 2030 and associated impacts on
irrigated agriculture. A social network mapping exercise was undertaken to analyse the social and
institutional framework of climate change adaptation. This was applied to a group of basin
stakeholders: the water administration, representatives of the main irrigation communities, active
environmental groups and the different climate change offices involved in the basin (National and
Regional). The analysis focused on ‘how are climate change adaptation related decisions taken in
the Guadiana basin, in the agricultural and water sectors?’
A stakeholder workshop was used, grouping attendees into water administration, farmers and
environmental / CC organizations. Each group built a socio-institutional network map, which were
subsequently discussed to help learning of all perspectives. Each box represents a different
stakeholder group (name, main objective, and influence [where a higher number indicates higher
influence]). The linkages represent flows of information, funds and implementation capacity between
stakeholder groups.
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The network map of water administration officers was a hierarchical network structured in several
blocks of actors: administrations, water users (agrarian and non-agrarian uses), trade unions,
scientific community and environmental organizations, with the administrations clustered in the
middle. The number of links is quite high, showing a strong relationship between actors (a ‘discourse
coalition’ (Turnpenny et al, 2005) with a ‘shared world view’ or Type 3 network where uncertainty can
be explicit, although it tends to be embedded in how the organization is structured and procedures in
place .
The discussion revealed that to improve
these relationships, there would need to
be more willingness to solve problems,
increased participation, resources to
backup compulsory environmental
regulations and improved connections.
The group also provided information on
changes in the social-institutional
framework that could improve decisionmaking for climate change adaptation.
The network map of farmer
representatives (from irrigation
communities and independents) was very
different, and was more fragmented with a lower number of connections and some disconnected
actors. They identified different groups and had different perceptions. This is a Type 1 type of
network where individual action predominates. Adaptation was considered from a local and
independent perspective, with a diversity of approaches to uncertainty, and is highly constrained and
mostly short-term in nature. The discussion on how to improve the system included an increase in
trust, the exploration of synergies, and for key links to be improved. This reflects an ‘advocacy
coalition’ with a shared worldview but where technical approaches differ (Turnpenny et al, 2005).
A number of missing connections
were also identified, as well as a
need for more capacity for
decision-making and action,
training, implementation capacity
and funding between the irrigation
communities.
Finally, the members of
environmental NGOs and climate
change officers designed a
homogeneous network, with no
evident clusters. The number of
links between actors is high, and
none of them is disconnected.
This is a Type 2 egalitarian network
where everyone tends to be ‘likeminded’ and the structure of the
problem is similar across the network. Uncertainty may not be explicit but reduced to tacit
assumptions and reflected in cultural and group norms rather than a science-policy dialogue. The
goals of the different actors reveal two important conflicting objectives in the network: conservation
and development. The group suggested synergies by developing tools and strategies with co-benefits
for both objectives, raising awareness about climate change and continuing to involve the media.
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Comparing the three networks, the groups identified two main groups of actors: water users and
policy makers. However, there were important differences: the water users network had a big
emphasis on agricultural uses. All groups identified the multiple scales (local, regional, national,
European) and different sector,
but the farmers had a more partial
view of the system with a lower
number and less detailed actors.
Only one group (the environmental
network) identified the media as
an actor.
There are also differences in the
flows across the three networks.
Stakeholders from the water
administration perceived
themselves as the main
information providers in their
network, with a cascade from
regional and national
administration. Farmers
perceived reciprocal flows (twoway arrows), but considered
environmental organizations and
scientists as main information
providers. The environmental
actors considered the main
information provider was the EU
followed by environmental
organizations and universities, but
via different channels. Similarly,
the maps reveal differences on the
financial flows and implementation capacity between the groups. The strength and number of
connections (lines) in the maps also show important differences. These also indicate the influences,
though all groups consider the most influential actors were the EU, the national government and the
regional government, together with irrigators. Finally, the groups all identify conflicting objectives of
conservation/environmental protection and development/economic benefits, though the different
groups had different views on which should be prioritised.
Overall, the exercise revealed important differences between the three networks. While the water
administration was focused on a traditional top-down approach to decision-making, with a hierarchical
structure to other actors, agricultural users (irrigators) had an individualistic view of the process. The
environment and climate change representatives had the most holistic approach and deepest
understanding of the adaptation process, with highest representation of stakeholder groups in their
network diagram. All agree on the influential actors and those with most influence for adaptation. The
figure illustrates key omissions and connections (i.e. weak lines to improve). The mapping was
discussed by the stakeholders and used to highlight and find ways to overcome barriers.
The workshops helped to increase awareness and brought attention to the current weakness of the
socio-institutional framework and areas to explore, as well as bringing the different groups together,
helping to identify steps to improve linkages and information flows.
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Discussion and Applicability
The review and case studies provide a number of
practical lessons on the application of social
network analysis to adaptation. They provide
useful information on the range of adaptation
problem types where SNA might be appropriate,
as well as data needs, resource requirements
and good practice.
The application of the qualitative approach is
very broad, and can be applied to most
adaptation settings. The approach can be useful
for adaptation planning, decision-framing,
uncertainty analysis and the links to choices of
tools. The quantitative approach provides
important additional context for progressing
towards adaptation implementation, though
there is a need for balanced representation (i.e.
of participants) to avoid subjectivity influencing
results. The quantitative approach can provide a
more detailed analysis, providing correlations,
but there is a need for high sample sizes, thus
the added time and resources limit the approach
to more specific applications (as in the case of
the Finnish case study, aligning to an existing
survey). Lessons from the application include:
1. Barriers to adaptation are part of socioinstitutional processes and may be revealed and
negotiated through social network analysis.

6. Transformations in adaptive capacity are
changes in actor-networks, including new
institutional arrangements, new entities or new
roles and responsibilities.
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Key Messages
• Concerned decision makers increasingly ask
whether current management is able to cope
with climate change or whether alternative
strategies are needed. They urgently demand
tools to assess and communicate the
implications of climate change and
opportunities for adaptation.
• The European MEDIATION project has
undertaken a detailed review of methods and
tools for adaptation, and has tested them in a
series of case studies. It has assessed their
applicability for adaptation and analysed how
they consider uncertainty. The findings are
summarised on the MEDIATION Adaptation
Platform and in a set of Policy Briefing Notes.
• The method presented in this Policy Briefing
Note focuses on the specific situation where
climate change induces policy failure and
alternative strategies have to be considered. If
such a situation is thinkable, there is an
imperative to act and climate change
becomes particularly relevant to decision
makers. We call this situation an ‘adaptation
turning point’.
• The assessment of adaptation turning points
translates uncertainty about the magnitude of
climate impacts into a time range over which
it is likely that an unacceptable situation
occurs. This time range can be used to adapt.
• Knowledge on adaptation turning points helps
to combine potential adaptation measures
into adaptation pathways. Adaptation
pathways encourage taking short-term
actions to sustain the current system, whilst
planning longer-term adaptation that may be
required in the future.
• Practical experience shows that the
assessment of adaptation turning points
allows for a meaningful dialogue between
stakeholders and scientists about the amount
of change that is acceptable, when conditions
could be reached that are unacceptable or
more favourable, how likely these conditions
are and what adaptation pathways to
consider.
• The main strength of assessing turning points
for adaptation is that the approach is highly

policy-orientated, and uses scenarios to
delineate uncertainties in time. It is also very
flexible and can consider a range of
objectives, which encourages discussion on
acceptable change and critical values.
Weaknesses relate to a potential focus on
existing objectives, rather than new
challenges. In addition, simplicity is lost when
thresholds are less-well defined and when
turning points have multiple drivers.
• Summarising, an assessment of adaptation
turning points focusses on the specific
threshold situation that policy becomes
untenable due to climate change. The
assessment translates uncertainty about
climate impacts into a time range that can be
used to plan adequate responses. Adaptation
pathways offer flexibility by allowing for
progressive implementation.

Adaptation Turning Points
Introduction

Description of the Method

Adaptation has become an integral part of
climate change policy. The ultimate scale of the
challenge will largely be defined by the
development of the world’s economy and
greenhouse gas emissions reductions. Both are
uncertain, suggesting that planners may have to
respond to rises in global mean temperature of
4°C or more (Parry et al., 2009). Adapting to such
conditions would be challenging at best(Smith et
al., 2011), and may face practically
insurmountable physical limits in many places
due to loss of ecosystem services and
interacting impacts. Climate change shifts the
sustainability challenge from preserving natural
resources for future generations to strengthening
resilience and adaptive capacity in socialecological systems. The challenge for policy
making and sustainable resources management
shifts from conservation to managing change
and adaptation.

The assessment of adaptation turning points
starts from the perspective that management
aims to sustain conditions for society and nature.
A critical threshold is reached, the moment that
climate change renders policy untenable or
results in conditions that society perceives as
undesirable. At such a threshold situation, it is
not only important to know the extent of the
impact, but at least equally important is to know
when and how likely it is that this situation
occurs. Thus the analysis focusses on the
question of whether or not current management
is sustainable under a changing climate, and
when adjustments are required.

The European Commission FP7 funded
MEDIATION project (Methodology for Effective
Decision-making on Impacts and AdaptaTION) is
advancing the analysis of adaptation issues
through its objectives of analysing impacts,
vulnerability and adaptation, and promoting
knowledge sharing through a MEDIATION
Adaptation Platform (http://www.mediationproject.eu/platform/). To complement the
information on the Platform, a series of Policy
Briefing Notes have been produced on Decision
Support Methods for Climate Change
Adaptation.
This Policy Briefing Note (Note 9) provides a
summary of the assessment of adaptation
turning points. It provides a brief synthesis of
the approach, its strengths and weaknesses, the
relevance for adaptation, how it considers
uncertainty, and presents case study examples.
It is stressed that this note only provides an
overview: more detailed information is available
in MEDIATION deliverables, and sources and
links on the MEDIATION Adaptation Platform.

Assessing climate impacts in terms of the
finiteness of policy objectives has the important
consequence that it invites to elicit and discuss
the thresholds that society should not transgress.
Ultimately, this question is a normative one – how
much change and risk is society willing to
accept? Many studies of adaptation view the
legal and political system as boundary
conditions. Yet, by focusing on those boundaries
and how to move them, greater realisation of
adaptation can be achieved (c.f. Cosens and
Williams, 2012; Adger et al., 2013). The focus on
thresholds highlights that adaptation operates at
two distinct levels: changes to the physical
environment, and changes to the decision
environment, including policy objectives. An often
overlooked strategy in adaptation planning is for
actors to accept changes and adjust policy
objectives accordingly.
Starting from the threshold situation where the
current management strategy can no longer
meet its objectives, the concept of ‘adaptation
tipping points’ was advanced for a policy study
of long-term water management in the
Netherlands (Kwadijk et al., 2010). It has proven
successful in assessing and communicating
water related risks, and it has become one of the
scientific concepts underpinning the Dutch longterm water strategy (Haasnoot et al., 2013). A
similar planning approach was developed and
tested for flood risk in the Thames estuary
(Lavery and Donovan, 2005; Smith et al., 2011).
Reported studies so far have focused on
hydrological and technical thresholds for policy
success (Kwadijk et al., 2010; Reeder and
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Ranger, 2011; Lempert, 2013). More recently,
cases with social-ecologically defined policy
objectives have become available (Bölscher et
al., 2013; Werners et al., 2013b).
• Although the studies differ methodologically,
they address at least the following questions:
• What defines unacceptable change: which
targets and thresholds exist for different
actors?
• Under which climatic conditions are
thresholds reached?
• When are thresholds reached (including
capturing uncertainty in a time range)?
• When and how to respond?
To avoid confusion with the popular term ‘tipping
point’ that people tend to associate with major
change in biophysical systems, MEDIATION uses
‘adaptation turning point’ for the situation in
which a social-political threshold is reached due
to climate change. Social-political thresholds
include formal policy objectives as well as
informal societal preferences, stakes and
interests, such as willingness to invest and
protection of cultural identity (Werners et al.,
2013a). Importantly, reaching a turning point can
be due to a biophysical tipping point, but not

necessarily so. Essentially, an adaptation turning
point signifies a moment in time at which a
threshold of concern is likely to be exceeded.
Figure 1a illustrates that an adaptation turning
point does not mean that management is
impossible and that catastrophic consequences
are to be faced. Yet, it implies progressive failure
of the current management (the “rocky road”),
such that actors may wish to turn to alternative
strategies (the “unexplored land”). Figure 1b
illustrates how scenario uncertainty can be
translated into a time range in which the
adaptation turning point is likely to occur.

The Application to Adaptation
This section shows how the assessment of
adaptation turning points can help to plan
adequate responses. In the face of threshold
behaviour and uncertainty, authors have called for
a shift in perspective from the aspiration to control
change in a system assumed stable, to sustain
and generate desirable pathways for societal
development (Downing, 2012; Weaver et al.,
2013). Given the uncertain changing conditions
that many decision-makers face nowadays, a
sustainable plan is not only one that is able to
achieve objectives related to society, economy,
and environment, but a sustainable plan should

Illustration of an adaptation turning point

Figure 1: a) the current direction is becoming unattractive in time (the “rocky road”) and a turn to
alternative routes is for consideration (the “unexplored land”), b) a threshold (here: failing safety
standards at a sea level rise of 0.2 m relative to 1990) is translated into a time range in which it is
likely to be reached. The figure uses projected global-averaged sea-level rise for the 21st century
from the IPCC assessment report (2001) (the dark shading is the model average envelope for all
IPCC SRES greenhouse gas scenarios, the light shading is the envelope for all models and all SRES
scenarios, and the outer lines include an allowance for an additional land-ice uncertainty (Church et
al., 2008))
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also be robust, meaning that it performs
satisfactorily under a wide variety of futures, and
adaptive, meaning that it can be adapted to
changing (unforeseen) future conditions.
Much of the traditional scientific work has been
built on the supposition that the uncertainties
result from a lack of information. This has led to
an emphasis on uncertainty reduction through
ever-increasing information seeking and
processing. However, most strategic planning
problems face uncertainties that cannot be
reduced by gathering more information and are
not statistical in nature (Hallegatte et al., 2012).
These deep uncertainties are unknowable at
present, and will only dissolve as time unfolds.

This is particularly problematic for planning longlived and costly investments (Hallegatte, 2009).
Here it is recommended to incorporate flexibility
by designing so-called adaptation route-maps
and pathways that sequence measures over time
and allow for progressive implementation
depending on when pre-identified thresholds are
reached (Reeder and Ranger, 2011; Haasnoot et
al., 2013).
Route-maps stimulate planners to explicitly think
about decision lifetime and taking short-term
actions, while keeping options open and avoiding
lock-ins. Thus, the inevitable changes become
part of a recognized process and corrective
actions can be taken based on monitoring and as
new information becomes available.

Adaptation route-map

Figure 2: Adaptation route-map illustrating how different adaptation options (here: raise dikes (blue),
broaden dikes (green) and retreat (red)) are combined into adaptation pathways (for adaptation
turning point and scenario information see Figure 1. For adaptation pathways see (Reeder and
Ranger, 2011; Haasnoot et al., 2013))
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Figure 2 illustrates how potential adaptation
options can be combined into adaptation
pathways. This is particularly useful for
adaptation options with a longer decision and
implementation lifetime (c.f. Smith et al., 2011). In
Figure 2 each option is effective for a distinctive
range of sea level rise after which a shift to
another option is needed (indicated by arrows).
Pathways are implemented depending on
observed climate change or improved
projections. The possibility to switch between
adaptation options in response to new
information is a measure of flexibility.

Strengths and Weaknesses
A key part of the MEDIATION project has been to
identify the strengths and weaknesses of
different approaches for adaptation. Table 1 lists
strengths and weaknesses of an assessment of
adaptation turning points.
A strength is that the focus on conditions that
society perceives as undesirable helps to identify
stakeholders, policy plans and the spatial and
temporal boundaries of the assessment. Starting
the assessment from an existing policy process
facilitates the engagement of actors and provide

an well-communicable starting point. Yet a
comprehensive analysis of climate change
impacts and possible adaptation turning points
may require putting this policy process in a wider
perspective, including the exploration of the
various ways stakeholders frame the issues to be
addressed. Another strength is that assessment
of adaptation turning points allows for nesting
adaptation options within a longer time frame.
The concept can also be used to assess
thresholds in taking adaptive action.
A weakness is that policy goals are not always
clearly defined, especially with respect to
potential impacts of climate change on
ecosystems. Turning points for engineered
systems (like a coast protected by dikes) are
relatively well delimited by norms and standards.
For ecological systems it often is more difficult to
formulate thresholds. Thresholds that have been
included in policy (such as water temperature
ranges) may ultimately not be indicative for
ecological success or failure (e.g. as in the case
study for salmon on the next page). In any case,
a statement about whether an adaptation turning
point will be reached will always have to indicate
clearly with respect to which set of policy
objectives and societal preferences.

Table 1: Strengths and weaknesses of the adaptation turning point assessments

Key strengths

Potential weaknesses

• Can synthesize available information for the
prioritization of research and adaptation
planning.

• Focuses on existing management objectives.
Unknown impacts and new challenges may be
overlooked.

• Is more policy-oriented and stakeholder
motivated than typical impact and vulnerability
assessments. Actors define stakes to be
considered.

• Gains complexity with multiple drivers where
there is an indirect link with climate change. At
present only relatively simple / driver
thresholds have been identified with sufficient
certainty for policy support.

• Is flexible in considering a range of socialeconomic objectives.
• Uses scenarios not to predict the future, but to
delineate uncertainties.
• Encourages discussion with society about
(un)acceptable change and definition of critical
indicator values.
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• Requires identification of social-political
thresholds that are often ill-defined.
• Loses simplicity for communication when
thresholds are less-well defined and when
turning points have multiple drivers.

Adaptation Turning Points
Case Studies
The MEDIATION study has assessed adaptation turning points in different adaptation case studies.
Two of these case studies are summarised below.

Case Study 1:
Turning points for salmon restoration programmes, Rhine river basin
Social-political thresholds of interest
This case study investigates whether climate change could render the policy to reintroduce the
salmon in the River Rhine untenable. Thus the case offers an adaptation turning point assessment
for nature policies. Atlantic salmon was a common anadromous fish species in the Rhine that went
extinct in the 1950s. Reintroduction started when the Rhine state governments accepted the Rhine
Action Plan in 1987. Not only the Rhine national governments, but also regional authorities and
NGOs are involved in the implementation effort. Bringing back the salmon is therefore not only an
abstract water policy objective, but also an inspiration for many small scale public and private
initiatives along the Rhine streams and rivers.
In 2001 the Rhine ministers adopted the ‘Rhine 2020 – Programme on the sustainable development
of the Rhine’ (ICPR, 2001), which resulted in an action plan ‘Rhine Salmon 2020’ (ICPR, 2004). The
main objective is the re-establishment of a self-sustaining, wild Atlantic salmon population in the
Rhine by 2020. As such it contributes to policy efforts to enable fish migration in the Rhine river basin
and improve habitat conditions. In total, investments of €528 million for the adaptation of
infrastructure (weirs, dams) and habitat restoration are planned until 2015.
Climatic conditions for reaching thresholds
These programs do not consider climate change. However, some of the factors that salmon depends
on are projected to be affected by climate change (Bölscher et al., 2013). The most direct link
between climate change and the success of the reintroduction programme is through water
temperature, which affects the propagation and spawning migration of the salmon. In theory water
discharge also influences migration, yet in larger rivers, like the Rhine, it is not physically limiting
(Todd et al., 2010).
Literature reports diverse thermal boundary conditions for Atlantic salmon (for an overview see Table
2 in Bölscher et al. (2013)). Two boundary conditions have been identified from literature and expert
interviews as particularly relevant for threatening the reintroduction of the salmon: 1) Short but
regularly occurring periods with potentially lethal temperatures between 25°C and 33°C, 2) Long
periods with mean water temperatures higher than 23°C. In the latter case the time window for
salmon to migrate from the sea into the Rhine may become too small.
Following the inventory of critical climate conditions, it is concluded that a water temperature of 23°C
is a meaningful threshold value for the success of the reintroduction program. However, it is largely
unknown how migration depends on the duration and timing of the period of time that water
temperatures are above this threshold. Thus, the finiteness of policy success can only be
approximated. Summarizing, the likeliness of an adaptation turning point increases with the number
of days that the water temperature is above 23°C.
Adaptation turning points and lessons
To identify turning points associated with the number of days that the water temperature exceeds
23°C, model results were used of van Vliet et al. (2013). Figure 3 shows a distinct increase in this
number of days at Lobith, where the Rhine enters the Netherlands from Germany. The figure
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illustrates the adaptation turning point, assuming that the reintroduction of salmon becomes
problematic at a doubling of the number of days with temperature above 23°C from the current 20
days to 40 days.

Figure 3: Adaptation turning point for the reintroduction of Salmon. The figure shows number of days
with daily water temperatures exceeding 23°C at Lobith for 1980-2099 (15 year average). Thin lines
show individual results for three climate models (CNCM3, ECHAM and IPSL model), coloured
polygons show the range in results across the models and thick line shows the average result from
the models for the SRES A2 and B1 climate change scenario (2000-2099).
This implies the need to rethink salmon policies and consider adaptive action. At the European and
national scale, already temperature standards for cooling water discharge have been defined that
ought to safeguard the ecological status of the river. It is questionable to what extend these standard
can warrant policy success as in practice the standards prove to be the result of negotiations in
which social-economic considerations have the lead and increasingly administrators can make
reasoned deviations in implementation, for example during extreme weather events.
An adaptation option relevant for smaller river branches is replanting of trees and creation of shade.
Another notable adaptation option mentioned by stakeholders is to change objectives. For instance,
to give up reintroduction of the salmon and decide to take another species as an indicator for
ecological improvements. Here the sturgeon could be an example.
Summarising, exposure increases to long periods with mean water temperatures higher than 23°C.
Thus, the time window for salmon to migrate upstream may become too small to re-establish a
sustainable population. The timing of a turning point for salmon policy remains uncertain due to a.o.
climate variability, local water temperature differences and the adaptive capacity of Atlantic salmon.
These uncertainties can direct future research.
Source: Bölscher et al. (2013)
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Case Study 2: Turning points for wine production in Tuscany, Italy
Social-political thresholds of interest
This case study explores wine production in Tuscany, Italy under climate change. Wine production in
the region is progressively changing from mixed farming system to specialized viticulture. Part of this
change is the rediscovery and improvement of traditional and autochthonous vines and a switch to
quality production with lower yields, less chemicals and increased value of produced wine. The
number of vine-growing farms has been reduced by half over the last 20 years, while average farm
size has increased. Significantly, more than half of the total regional vineyard surface is labelled as
Designation of Origin (DO).
The associations and unions in the region offer incentives in support of the above mentioned
specialisation. Regione Toscana encourages the renewal of old vineyards, on the basis of farmers
application and selection. Associations also create awareness that agriculture has created a unique
landscape in Tuscany that is both productive and internationally recognised for its beauty. The image
of the vineyard, surrounded by the classic, quiet and clean Tuscan landscape, offers a competitive
advantage for the wine that is produced there. Thus, agriculture has both an economic, and
environmental and landscape value in Tuscany. At the same time the strict landscape conservation
and production rules can limit adaptation.
Farmers in Tuscany already observe consequences of climate change and express an increasing
interest in adaptation. A key question is whether climate change will make farmers change grape
varieties, move to other locations or switch to other livelihoods. Here it is feared that changes in
viniculture could have detrimental effects on the landscape, and therefore on tourism and quality of
living. After stakeholder consultation the main questions and thresholds of interest are:
• (when) does wine production in its current form become unviable in the region?
• (when) does adaptation become attractive?
Farmers expressed an immediate interest in two adaption strategies: moving production to higher
elevations and changing to new varieties. These adaptive actions have a response time of at least 4-10
years (the time it takes for a new wine yard to become productive). Farmers and government representatives stress the crucial importance of assessing wine quality, rather than the more typically modelled
production quantity, as the survival of Tuscan viticulture is strictly linked to its high-quality wines.
Climatic conditions for reaching thresholds
Farmers already observe a strong relationship between an increase in temperature and the reduction of
the vegetative cycle of the vine. The grapes are ripening earlier compared to twenty years ago, with
consequent advance of harvest operations. Literature finds improvement of wine quality with rising
temperature at first, yet falling beyond a certain threshold, depending on variety. This corresponds with
a shift in the area best suitable for grapevine cultivation either to higher elevations or to higher latitudes.
Adaptation turning points and lessons
A farmer reaches an adaptation turning point the moment that wine quality drops below a desired
quality or wine of a higher quality can be produced at a higher elevation. To assess whether and
when this may happen the study used a modelling framework for investigating climate change
impacts on viticulture in the Tuscany region (Moriondo et al., 2011). Downscaled climate data
(temperature, precipitation and CO2 level from observations and the IPCC SRES scenarios A2 and
B2 from different climate models) are input to a vintage quality model for climate change impact
assessment. The vintage quality model uses a multi-regressive approach and vintage ratings
obtained from the most recently published Sotheby’s vintage ratings. The ratings are on a scale from
0 to 100, with the general categories of 0–39 disastrous, 40–59 very bad, 60–69 disappointing, 70–79
average to good, 80–89 good to very good, 90–100 excellent to superb.
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Figure 4: Adaptation turning point for Chianti production in Tuscany. The figure shows quality scores
in different elevation classes (average of four climate models (DMI-HIRHAM, ETHZ-CLM, MPI-MREMO, SMHIRCA) for SRES scenario A2)).
Figure 4 shows that in the coming century the quality at higher altitudes is likely to surpass that of
the lower altitudes. Best-quality grapevine production areas are projected to gradually move
upwards. For the coming two decades the entire area between 200 and 500 m above sea level is
projected to be viable for best-quality wine production above 85. Beyond 2045, grapevines in the
lower altitude classes progressively move out of the desired quality range of 85, whilst grapevines
above 500 m show an excellent quality score.
Figure 4 can also be used to identify turning points for viniculture to move to a higher altitude. For
the altitude class of 300 m the figure shows that around 2040 it becomes attractive to move 100 m
upwards. Higher altitudes become attractive progressively. Beyond 2060 quality at 300 m may drop
below the desired quality score of 85, accentuating the need for adaptation .
The Tuscan analysis shows that turning points in wine cultivation may well occur in the second half of
this century, depending on the location of the vineyards. Around the same time that present
production may start to become unviable, the production at higher elevation becomes more attractive,
opening up an avenue of adaptive action. Such an adaptive pathway will not be taken lightly and the
decision will have to be studied in the light of many factors, including the existence of other options to
adapt. Changing management practices can reduce the risk and postpone the time by which an
adaptation turning point is reached. Yet, there is no guarantee that turning points can be avoided
ultimately.
Concluding, the turning points studied for Tuscany were stakeholders motivated. The assessment
and the illustrations produces were useful as a discussion tool, both for scientist trying to
communicate their insights, and for decision-makers to explore an adaptation strategy.
Source: Moriondo et al (2011),
Werners et al (2012)
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Discussion and Applicability
This section discusses how a focus on
thresholds and turning points can meet
information needs for policy making. The
traditional view within science has often been
that scientists should deliver their best possible
projections to the decision process as detached
specialist (c.f. Ravetz, 2006). This is reflected in
the more typical process of adaptation planning,
which begins with the generation of climate
projections, then an analysis of their impacts and
finally the design and assessment of options to
adapt to those impacts. Many researchers
consider this mode of science-policy interaction
outdated. Recent studies have suggested that
the process should be inverted and start from
the adaptation problem in its decision context in
order to satisfy information needs of decisionmakers in the face of uncertainty (Cash et al.,
2006; Kwadijk et al., 2010; Brown, 2011; Reeder
and Ranger, 2011; Hanger et al., 2013).
Tailoring scientific information to the problems to
which it will be applied implies an exchange
between information providers and users with
the aim to support governance decisions. For
information to be useful, it must have three broad
characteristics (Cash et al., 2003): salience,
credibility and legitimacy. Salience means that
the information is context-specific and relevant
for the decision at hand. It entails ensuring that
information provided is needed by those taking
actions on it, and in a form that is
understandable and can be acted on a timely
manner. Credibility means that users perceive the
information to be accurate, dependable and of
high quality, while legitimacy means that the
producers of information are seen to be
politically unbiased and that they keep the users‘
interests in mind. Decision support for
sustainability under climate change has the
further difficulty of communicating deep
uncertainty (Hallegatte et al., 2012). This arises
not only from uncertainty in scientific models or
incomplete understanding of particular natural or
societal processes, but also from the presence of
multiple valid, and sometimes conflicting, ways
of framing a problem.
The assessment of thresholds and adaptation
turning points can produce information that is
legitimate, salient and credible for decision-

making. Salience is derived from focussing on
actor concerns and in particular what actors
define as unacceptable change. This allows
actors to reframe and understand climate change
in terms of pre-existing interests or policy
competences (c.f. Termeer et al., 2011). Salience
is also supported by the work on adaptation
pathways, which shows that the information is
actionable and appropriate (even) in the face of
deep uncertainty. Legitimacy stems from the
central position that the concerns and values of
actors take in the assessment. In addition
legitimacy results from facilitating the discourse
around potential changes in objectives and
responsibilities (c.f. Adger et al., 2013).
Adaptation governance has an important role to
play in the definition and renegotiation of rules
and policy objectives untenable under climate
change. Credibility results from combining
bottom-up elicited social-political preferences
with top-down impact projections to assess when
and how likely it is that unacceptable conditions
occur. It is also aided by the intensified efforts of
researchers and policy-makers to coproduce
knowledge that includes values and criteria from
both communities (c.f. Cash et al., 2006; Hanger
et al., 2013). Making this link between actor
values, policy objectives and projections of global
change is one of the most challenging aspects of
the assessment (c.f. Offermans et al., 2011) as
multiple links often have to be considered and
transient scenario runs at an appropriate scale
are scarce. Thus there may be a trade-off
between the complexity of the social-political
concern (salience) and the accuracy and
scientific rigor that can be achieved (credibility) as
presently the impact of climate change on more
complex social-ecological systems and policy
objectives is poorly understood. Here the study
of thresholds and adaptation turning points can
help set the research agenda.

Conclusions
Climate change requires long-term planning in
the face of uncertainty where conservation may
no longer be the sustainable option. Thus,
decision making has to shift its attention to
adaptation and strengthening resilience in socialecological systems.
Climate change becomes particularly relevant to
decision makers in the specific situation where

9

Decision
Support

9

Adaptation Turning Points

climate change induces policy failure and
alternative strategies have to be considered. We
call this situation an ‘adaptation turning point’.

sustainable development. Proceedings of the
National Academy of Sciences of the United
States of America 100 (14), 8086-8091.

The assessment of adaptation turning points
provides an important entry point for a dialogue
between science and policy about why people
care, how much stress a system can absorb
before an unacceptable situation is reached,
when this is likely to happen, and what can be
done. After projecting an adaptation turning
point, actors need to search for new options.

Church, J. A., N. J. White, T. Aarup, W. S. Wilson,
P. L. Woodworth, C. M. Domingues, J. R. Hunter
and K. Lambeck (2008) Understanding global
sea levels: past, present and future.
Sustainability Science 3 (1), 9-22.

The identification of turning points helps in
mapping practical adaptation pathways that pull
together information on available options and
path-dependencies. These encourage taking the
necessary short-term actions to sustain the
current system, whilst keeping options open for
planning longer-term activities and more
fundamental system change that may be
required depending on how time unfolds.
It is the combination of scientific underpinning
and practical application that makes an
assessment of adaptation turning points and
adaptation pathways attractive for furthering
adaptation.
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