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Executive Summary
Adaptation to climate change is a wicked problem. It is characterised by many uncertainties on what
actually is the problem, what are problem boundaries, who has ownership, what information and with
what quality is available, and how is the process organised to face the challenges. Coping with
‘wicked’ problems essentially requires a ‘soft’ human-judgement based approach, and supported by
quantifiable data and information for underlying elements of the problem.
This state of the art report on Decision Support presents a general approach for ‘wicked’ problems.
Focus is on the four-A stage framework and decision support methods and tools. Its aim is to reduce
uncertainties and to cope with remaining uncertainties when developing solutions.
This framework offers a structured step-wise approach to face the problem, for improved and shared
understanding what is at stake, and to find commitment to a general way forward, while considering
alternative options and solutions. With this a characterization of different ‘problem-types’ and of ‘hard’
and ‘soft’ decision support methods is given. Focus of this overview is on human-based decision
support. The basis for this overview is the “Guide for Judgement Based Operational Analysis in
Defence Decision Making” (Wijnmalen, 2012).
Other work packages of RESIN address issues with methods and tools that are of a more quantified
nature. In the sequel of the RESIN project the approach and information provided here, will serve as
input for the RESIN Decision Support System (WP6).

1. Introduction
With the ongoing and worldwide trend of urbanisation, greenhouse gases generated by cities and urban
areas now make a significant contribution to global climate change. At the same time, climate change
affects the sustainability of urban areas and increases risks linked to extreme weather events. This
challenges urban decision makers to develop strategies to reduce greenhouse gas emissions and to
adapt to the changing (climate) conditions. Given the many diverse stakeholders involved, each of them
with their own objectives, and the uncertainties that go with climate change, these are complex tasks.
This is further complicated by the dynamics of many other processes and developments (e.g. economic,
demographic, social, environmental) influencing urban areas (United Nations, 2014).
The aim of this report is to provide a state-of-the-art overview of Decision Support (DS) for complex
tasks such as these. We consider DS to be the structured process of activities that support decision
makers and other stakeholders in coping with and resolving problems they are faced with. This involves
building and exploiting models, gathering information, and interpreting and offering information to
represent the problem and its broader context.
The report presents a generic, step-wise approach that is suitable for developing climate change
adaptation strategies for cities. This approach provides principles and philosophies that characterize
the kind of decision support addressed within the RESIN project. It is predominantly based on the
methodical use of expert and stakeholder judgement, and on appropriate ways of eliciting their
knowledge and opinions. This improves shared understanding, enhances the consideration of
alternative options and develops solutions and ways to move forward and improve existing conditions.
We discuss typical issues that may arise and have to be dealt with during decision support, and illustrate
these with climate change examples where appropriate.
A wealth of decision support techniques, methods and tools exist. We provide relevant references, with
certain examples described in more detail. The basis for this overview is the “Guide for Judgement
Based Operational Analysis in Defence Decision making” (Wijnmalen, 2012)1.
Eventually, the formulation of climate change adaptation strategies will rely on content-driven
information. Adaptation2 being the process of changing to suit different conditions, eventual outcome
of how a system has changed /modified to suit the conditions it is faced with, one may say that
resilience is the ability [of the stakeholders] to quickly return to cope with such new conditions. In the
sequel, we use the wording of adaptation in this broader context.
Other State of the Art reports developed within the RESIN project, such as Report 4 on vulnerability
assessment and Report 5 on adaptation measures, provide details of these aspects of climate change
adaptation and resilience building.
This report first presents some definitions (section 2) , followed with a key diagram with a DS
framework in section 3, that illustrates the outline how to approach ‘wicked’ problems to recognise a
need for action, and consequently prepare for and execute these actions.
Section 4 is the core of this report. It starts with a characterisation of the ‘wickedness’ of climate
change adaptation, followed by a comparison of ‘hard’ versus ‘soft’ support methods. Then, a sketch
1

This guide offers useful principles, issues of consideration, and discussions of analytic ways of judgement-based decision

support. It consists of two volumes, one for analysts, and one for clients, and a high-level brochure for ‘executive’ decision makers.
Basis for this guide is found in a wealth of existing publications and textbooks on soft operations research and personal experience
and know-how of the authors.
2
Cambridge dictionaries online
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is given of the process of decision support for ‘wicked’ problems. It further provides an illustration of
decision support methods and tools. With a description of Decision Support Systems and reference to
some existing DSS platforms for Adaptation, this section ends with observations and discussion
points. Finally, section 5 presents some overarching issues and connections to other RESIN activities.

2. Definitions and Acronyms
Adaptation

something that is changed or modified to suit new conditions or needs

Decision

The result of making up one’s mind regarding a choice between alternatives

Decision Support

The structured process of activities that support of decision makers and other
stakeholders in coping with and resolving problems they are faced with

Resilience

the ability of an ecosystem to quickly return to its original state after being
disturbed;
the state or quality of being resilient (=capable of regaining its original shape
or position after bending, stretching, compression, or other deformation

Stakeholders

Individuals or groups that have a stake or interest in a particular issue,
affecting a decision or policy or are affected by the situation

Wicked problem

A problem that is categorised by a great number of uncertainties on
stakeholders involved, boundaries of the problem, long term developments,
organisation and responsibilities, and more

Table 1 – Definitions

CBA

Cost Benefit Analysis

GIS

Geographic Infornation System

CEA

Cost Effectovenss Analysis

JRC

Joint Research Centre

DS

Decision Support

IPCC

Intergovernmental Panel on Climate
Change

DSS

Decision Support System

IRGC

International Risk Governance Council

ECA

Economics of Climate Adaptation

IS

Information System

EEA

European Environment Agency

MCA

Multi Criteria Analysis

OA

Operational Analysis

Table 2 - Acronyms
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3. Decision Support Framework
‘Wicked’ problems are categorised by a great number of uncertainties relating to issues including
stakeholders involved, the boundaries of the problem, the effects of long term developments,
organisation and responsibilities. In such contexts decision making is rather based on subjective,
judgement-based assessments. Wijnmalen et al (2012) offer a guide with principles and guidance for
such DS. The value adding aspects of these approaches are:

-

an improved shared understanding of what is at stake,
enhanced sense of common purpose
commitment to a general way forward,
while considering a range of alternative options and solutions to improve the
problematic situation.

Figure 1 presents a general outline or “framework for action” of the steps that are to be taken to
recognise a need for actions and consequently to prepare for and execute these actions to move
towards a desired outcome. It offers a contribution to the generic framework for the RESIN project and
for developing climate change adaptation strategies more generally. This framework can be used to
further position and relate the various RESIN activities and work packages.

Figure 1 – The main stages of decision support (taken from (Wijnmalen et al 2012)). These stages represent a cyclical
process, not a linear one.

-

Appreciation – Collect information about climate change adaptation related threats; identify
stakeholders; communicate and raise awareness; develop a process plan

-

Analysis – Conduct a climate change vulnerability and risk assessment; identify and agree on
adaptation objectives and on the way to proceed

-

Assessment – Develop and assess adaptation options; explore merits (pros and cons), explore
synergies and trade-offs; and prioritise

-

Action – Communicate recommendations to the decision maker(s) and other stakeholders;
develop plans for implementation and execute selected options, monitor and evaluate progress.

4. Key topics and issues
This section is about problematic situations that require some kind of DS. Focus will be on so-called
‘wicked’3 problems that are characterised by issues including vague boundaries of what the problem
is, high uncertainties, the involvement of many stakeholders, unclear ownership and little agreement
how to organise the decision making process. Solving such problems is very much a human-judgement
based effort. (Wijnmalen et al, 2012) offers a guide4 with principles and guidance for such DS. That
experience is basis for the sequel of this section.
We start with a general characterisation of problematic situations and a description of different
categories of DS methods and tools to address such problems. Then we discuss relevant aspects of
judgement-based decision-support. This includes the involvement of stakeholders, the stepwise nature
to handle this type of decision making, supporting techniques and methods, how to cope with
uncertainty, and aspects of information gathering and producing results, for actually making decisions.
Finally, attention is given how this relates to the further activities of RESIN project.

4.1. Characterisation of problematic situations
Decision Theory classifies problems as being ‘wicked’ when they show a number of the characteristics
presented in Table 3. According to these characteristics “Adaptation to Climate Change” is indeed such
‘wicked’ problem.

Characteristics Description

Climate Change Adaptation in
Cities

Multi-stakeholder
Complexity

A (great) number of stakeholders with
their own views, interested primarily
to achieve their own goals and
account for their own interests (if at
all known).

Problem
Ownership

Initially, it is unclear who the actual
source and owner of the problem is,
who is responsible for an acceptable
solution (a fair decision), and who will
benefit or might be adversely affected
by a solution. Also, stakeholders may
have conflicting opinions.

Problem
boundaries

Boundaries of the problem are initially
not clear. This makes it difficult to
know what to include/exclude from
the analysis, what to account for at
different stages of the process, and
what factors are of influence.

Solution
complexity

It is not clear what approaches to
pursue or explore to create a solution
to the problem. There is no clear and

Climate adaptation is a topic in which all
stakeholders in a city can potentially play a
role, including public authorities (local,
regional, national), asset owners, service
providers, residents etc. Each have their
own goals and interests.
For climate adaptation, there is no clear
owner of the problem. Also, investments in
climate adaptation measures may benefit
or harm stakeholders other than the
investor themselves . For example,
increasing the water storage and drainage
capacity of green spaces may also reduce
water stress on surrounding roads.
Adaptation to climate change (including
reduction of risk from weather extremes,
assessment of costs/benefits of measures)
is complex and is without clear boundaries.
It is often considered as providing benefits
to other urban programmes, e.g.
redevelopment, energy, health or
wellbeing.
There are many climate adaptation
measures available. However, (financial)
costs and benefits may not always be clear

3

Some references for “wicked” problems are (Churchman 1967), (Mingers, 2011), and (Levin et al, 2012).
This guide offers useful principles, issues of consideration, and discussions of analytic ways of judgement-based
decision support. Although in principle defence-oriented, the nature of the problems addressed by this guide and
the guidance it offers are particularly relevant to and useful for the RESIN project as we anticipate that the nature
of the problems and therefore the nature of decision support are similar.
4
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Selection of
information

Process
organisation

unambiguous solution, or
stakeholders cannot agree
unanimously on a solution or on who
is going to pay for it. A solution
consists of an agreed way forward to
take next steps in managing the
wicked problem
Initially is unclear what information
might be relevant or available to
inform the problem solving process,
what data is available, and whether
data is unreliable or uncertain. For
example, what is the amount of risk of
future events, what are future benefits
of (adaptation) measures. If objective
knowledge is missing, one has to rely
upon subjective knowledge and
opinions from experts, who may not
agree with each other. There may
even be disagreement about who the
experts are
It is not clear how the problem solving
process and the decision making
process are to be organised, and who
should be involved at different stages
of the process (stakeholders, experts,
responsible authorities, …).

and spread over different beneficiaries.
Therefore, it is hard to agree on who is
going to pay for these measures.

There is objective information available on
themes including vulnerability indicators
and climate adaptation measures.
However, the effect of such measures, and
especially their (risk reduction related)
benefits are still for large part unclear. Also,
the risks are based on predictions for longterm changes in climate change extremes,
which remain uncertain.

On climate adaptation, many stakeholders
are unaware of the problem and of their
own level of risk. Currently, public
authorities (supported by experts) often
take lead in gathering the stakeholders,
addressing the topic and increasing
awareness. In the Netherlands, this has
been successful in a number of cities.
However, a clear business case for
including climate adaptation measures in
city processes is often still lacking.
Also, service providers are increasingly
aware of their risks related to climate
extremes. These risks bring a great cost in
case of damage (service failure), so they
may be expected to invest in adequate
adaptation measures.

Table 3- Characteristics of ‘wicked’ problems, specified to Climate Change Adaptation

The wording "initially unclear, unknown" suggests that a fairly large amount of uncertainty can be
present when addressing wicked problems. The problem solving approach offered by decision theory
for wicked problems aims to reduce that amount of uncertainty and to offer ways to cope with remaining
uncertainty in the development of solutions (see also section 4.6).
In contrast to ‘wicked problems’ there are the problems that display fewer or none of these
characteristics included in Table 3. They are called 'problems proper' and 'puzzles'. They may be hard
to solve, but in a different sense. Here problem, boundaries and restrictions for solutions are clearly
defined. This simplifies the search for a solution, although that still may be time-consuming and require
computational power. For example, knowledge of very specific (mathematical) methods and algorithms
may be necessary which only specialists are able to provide. Table 4 summarises the differences
between the three problem types. Annex A provides a questionnaire to assess whether a particular
problem one is faced with, should be treated as a wicked problem.

Puzzle

Problem (proper)

Wicked problem

Description

Well-defined issue with a
specific solution that can be
worked out.

Well-defined issue, but
with no single solution.

Complex issue which is
not well defined.

Formulation of
the issues

Agreed objectives achieved
through logical analysis.

To be agreed after
negotiation between
clients and analysts, and
input from other
interested parties.
Issue can be delineated
as a system, usually
short- or mid-term
oriented.

The lack of clarity and
agreement of the issues
themselves makes
formulation disputed.

Optimal solution. Clear
result.
Improvement or optimisation
of operational efficiency or
effectiveness.
Based on rational, usually
quantitative analysis.

Preferred option based
on ranking. Relatively
clear result.
Strategic choice.

Possible courses of
action. Search for the
'accepted' way forward.
Agreed strategy.
Based on explorative,
qualitative analysis,
achieving insights and
learning; quantitative
analysis may address
specific problem aspects.

Validity of the
advice

Accepted after scrutiny of
mathematics and
calculations.

Even though the results
are reached by agreed
methods, the conclusions
can be disputed thus
leading to informed
debate about the specific
actions to take.

The advice will lead to an
informed debate about
the pros and cons of
several possibilities for
the way ahead in
managing the wicked
problem.

Example

Optimising energy
consumption in households

Strengthening dykes or
considering alternative
land use (Cost-Benefit
Analyses)

Developing a balanced
Mid/Long term climate
change adaptation
program forcCities

Issue can be engineered as
a system, usually short-term
and operations-oriented.

Typical advice

Based on a rational mix
of quantitative and
qualitative analysis.

Issue is often a mental
construct that cannot be
(easily) delineated;
usually long-term and
strategy-oriented; new
issues may pop up.

Table 4 - Three problem types (slightly adapted from (Wijnmalen et al 2012) and based on e.g. (Pidd
1996/2009))

4.2. Decision Support Methods and Techniques
Decision Theory distinguishes two types of methods and techniques:
‘hard’ methods and techniques are predominantly based on quantitative analysis (characterized
by mathematical models, algorithms, factual and objective information; value proven by theory).
These are well-suited to puzzles;
-

'soft' methods are based on human judgement in a qualitative analysis (governed by guidelines
and non-mathematical reasoning principles or interpretative logic; value proven by experience).
These are likely to be used for addressing wicked problems.

Table 5 summarises the differences between hard and soft DS methods. These differences are not
black-and-white, they are rather the ends of continuous scales. In the discussion that follows, the focus
is on the soft end of DS methods.

11

Aspects and
elements of
decision
support

“Hard” decision support

“Soft” decision support

Methodology

Based on generally accepted and
theoretically grounded views of analysis.
Predominantly factual and objective.

Based on thoroughly discussed arguments
accepted by study participants.
Predominantly interpretative, subjective,
inductive.
Proven value by experience.

Models

Shared representation of problematic part of
the real world.

Representation of problematic part of the
perceived world based on views of experts and
participants and shared by some or all study
participants.
Help understand study purpose and contribute to
improving problem issues.

Unambiguously linked to the study purpose
and assumed to produce a problem
solution.
Utilise (in addition to soft representations) a
formulaic representation of relationships
between quantified concepts.

Utilise the power of visualisation of concepts and
their relationships often using well-chosen verbs
and nouns.

Methods

Predominantly mathematics-based.
Algorithmic.

Predominantly judgement-based, governed by
guidelines and non-mathematical rules.

Data

Based on observer-independent
measurement.
Uncertainty treated stochastically.

Based usually on observer-dependent
judgement.
Uncertainty mostly treated qualitatively.

Study outcome

Basis: rational, quantitative analysis; clear
results.
Nature: ‘solutions’. Search for the optimum
solution.

Basis: explorative, qualitative analysis; insights
and learning.
Nature: ‘ways forward’. Search for the requisite
and accepted solution.
Often not repeatable (cannot be reproduced).

Repeatable (can be reproduced).
Study purpose

Based on problem analysis. Clear at the
outset and then taken as given.

Can become clear after problem analysis or
even after one or more study stages. Can
provide guidance for next stages of problem
definition and for scoping solution boundaries

Process –
study stages

Can be designed ex-ante. Likely to be
sequential.

Ex-ante design in general terms. Stages emerge
as appropriate. Likely to be iterative.

Process –
people
involved

Clients (and other stakeholders) provide
input to problem analysis and model
formulation.
Power and emotion do not really matter.
Analysts suggest and conduct the formal
analysis, avoid biases, present solutions to
clients and discuss their implications.

Clients (and other stakeholders) participate fully
in process and can appear in a model-based
representation of a problematic situation.
Power and emotion do matter.
Analysts suggest and facilitate the process and
any model usage, accommodate biases from
different perspectives, engage clients in actively
identifying options and discussing their merits
and consequences.

Table 5 - Differences between hard and soft decision support (adapted from (Wijnmalen et al 2012) and based on (Pidd
1996/2009 and 2004), (Franco and Montibellier 2010))

4.3. The nature of judgement-based decision support
By definition, tackling ‘wicked’ problems is a human-judgement based series of undertakings and
processes. It requires active engagement and involvement of stakeholders (in workshops, by interviews
or otherwise. DS and DS-methods have a focus on:
making sense of the problem, considering multiple views, seeking boundaries of the problem,
and goals to be achieved - for shared understanding;
identifying and exploring possible solutions, and 'ways forward', measures to be taken, or
policies to be adopted, or approvals to be given;
identifying opportunities for addressing specific aspects of the problem (in a quantitative,
more objective way) - for commitment to the way forward.
Likely, intermediate results and outcome of such processes are (developments towards):
- a common understanding of the (problematic) situation and need for action,
- shared (long-term) ambition levels,
- agreement on themes and program lines to be followed to achieve these ambitions and
- conditions created to start projects and actions.
Obviously, involvement and contributions from stakeholders5 are crucial for credibility and acceptance
of the process and decisions taken. Relevant related questions include, have all (key-) stakeholders
been involved and been able to contribute, has the process been accepted by, at least the key,
stakeholders; does the problem formulation outcome adequately reflect the concerns, and are
acceptable options developed that sufficiently meet the objectives of key stakeholder. It is important to
ensure that, some of these questions are taken into account when tackling the problem at hand.
Therefore, a stakeholder analysis should be conducted at an early stage of the DS process. Procedures
for effective and efficient engagement and involvement of stakeholders throughout the process ensure
validity, credibility and thus acceptability of any outcome. Further guidance for actor/stakeholder
analysis and the discussion of methods that support such analysis, can be found in (Geerdink et al,
2015, RESIN Report D6.1), (Gardner et al, 1986), (Mendelow, 1991) and (Mitchell et al, 1999).

4.4. The process of decision support for ‘wicked’ problems
The process of tackling ‘wicked’ problems takes place in stages. Each stage involves a series of
activities with appropriate supportive methods specific to that stage. There are many different varieties6
of such stages, that all come down to some form of the “Plan – Do – Check - Act” circle (Deming, 1986).
Similar schemes are found in the world of Climate Change Adaption. (ICLEI, 2015) for example
proposes the Integral Management System (IMS) (Figure 2):
Baseline Review : referring to what is at hand,
-

Target Setting : setting the ambition level and planning of actions,

-

Implementation : to actually starting doing things and

5

'Stakeholders are individuals or groups that have a stake or interest in a particular issue, affecting a decision or policy or are
affected by the situation' (André et al 2012). The IPCC (2007) identifies stakeholders in this context as ‘individuals and groups
who have anything of value (both monetary and non-monetary) that may be affected by climate change or by the actions taken
to manage anticipated risks’ (Carter et al 2007, pp. 141-142).
6





Other examples are:
Formulation, Search, Forecasting, Modelling, Synthesis (Quade, 1989)
Shape, Design, Compare, Choose (from the Strategic Choice Approach (Friend and Hickling, 2005)
Observe, Orient, Decide, Act (the so-called OODA-loop developed by John Boyd (Osinga, 2007)
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-

Evaluation : assessing (intermediate) achievements, as input for revisiting the baseline.

-

Political Commitment is required throughout the whole process, with an emphasis on the
acceptance of the action plan.

Figure 2 – the Integrated Management System (ICLEI)

Examples of other such schemes are coming from INTERREG7, ECA, IPCC, EEA, and IRGC8.
At an abstract and simplified level (Wijnmalen 2012) presents the general principle of four main
decision support stages for ‘wicked’ problems (Fig 3). These are based on earlier work from (Mingers
2001) and (Mingers and Brocklesby 1997). These four stages are described below: It provides
guidance on how a judgement-based study should be carried out to maximise validity, credibility and
acceptance of the study and its outcome. It is not only about the design of the study, but also on how
to deal with data and biases, and on the communication with stakeholders. This offers the ingredients
for an overall approach.to develop and implement a climate adaptation strategy.

Figure 3: The main stages of decision support (taken from (Wijnmalen et al 2012))

A0 - Initiation
7

INTERREG IVC provides funding for interregional cooperation across Europe. It is implemented under the European
Community’s territorial co-operation objective and financed through the European Regional Development Fund (ERDF).
8 Examples of Climate Change Adaptation Planning Processes:
Making the case - Stakeholder involvement and policy networks - Strategic and action planning - Implementation
measures - Measuring and monitoring progress (INTERREG IVC 2013}
Where and from what are we at risk - What is the magnitude of the expected loss - How could we respond - How do
we execute - What are the outcomes and lessons (ECA WG 2009)
Scoping – Analysis - Implementation (IPCC 2014)
Getting started - Assess risk and vulnerability - Identify adaptation options - Assess adaptation options - Implement
adaptation options - Monitor and evaluate adaptation options (EEA 2012)
The International Risk Governance Council, recommends a 5-element framework for risk governance (text
reproduced from (IRGC 2005))

Preceding the four main A- stages, is an Initiation stage, where someone senses a problematic
situation exists that should be resolved to the benefit of society, organisations, and people involved.
To get this underway communication and political commitment are also necessary, to create the
proper conditions for the process and the acceptance of associated plans and activities

A1 - Appreciation
Activities in this stage in the process aim to provide :
analysis of the problematic situation, to understand what is at hand and why it is problematic;
who are stakeholders, and are they involved; and what are the boundaries of the problem;
-

stakeholder analysis, to provide an overview and appreciation of the stakes and interests of the
stakeholders involved; a strategy for engaging and involving them; and an assignment of tasks.
Note that stakeholder analysis and updating previous findings should be ongoing throughout
the whole process;

-

study design, to develop for an initial plan for the execution of the study including identifying
uncertainty issues, data and information needs, and forming an agreement on respective
responsibilities.

Interviews with stakeholders involved and plenary workshops are beneficial to take the first steps
towards developing a common understanding and an agreed way forward.

A2 - Analysis
This stage focuses on the problematic situation itself to develop a shared understanding among
stakeholders of its eventual impact, and of alternatives to reduce or resolve that the problem. Activities
include:
choice of one or more appropriate DS methods, resulting in a coherent methodology to resolve
the problematic situation;
-

development of one or more models to address specific elements of the problem and identifying
relevant data / information and expert knowledge. The nature of such models may vary between
quantitative (e.g. a computational model) and qualitative (e.g. a concept map);

-

gathering of data / information, sources can include literature, databases, other (external)
models, or subject matter experts;

-

analysis of the problem structure, and of factors and their relationships affecting the problem
and its resolution (especially the impact of uncertainty factors);

-

producing model results, that are consistent and valid (i.e. logical, and relevant to the issue and
its resolution);

This stage relies on knowledge and expertise of participating analyst(s). In workshops they create visual
models of the problem, provide input, and discuss the validity of emerging results.

A3 - Assessment
The aim here is to create feasible ways forward to address the problem, which can involve the following
activities:
interpretation of model results, for understanding of what is going on and what can be done;
-

identification and/or generation of alternative options, based on an understanding of the causes
of the problem, and which factors are particularly relevant;

-

investigation of the effects of alternative options, for which models developed in the Analysis
stage might be re-used;

-

compare and evaluate the alternative options, in terms of costs and benefits, and other criteria
as regards their respective importance (as perceived by stakeholders);
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-

building consensus and arriving at a recommendation, by ranking the alternative options, and
taking into account the sensitivity to changes in key data, key values, etc. by using models
developed in earlier stage or by setting up an additional scenario analysis to investigate the
robustness of initially preferred options.

Stakeholders have an important role to play in assessing model results and the merits of alternative
options and to decide whether their interests have been sufficiently met and their values and opinions
sufficiently accounted for. This is often done in workshops. Success relies heavily on the skills and
guidance of the analyst(s) involved.

A4 - Action
This stage concerns the actual decision making with a specific concern being the acceptance of and
legitimacy for the proposed decision on approaches for implementing option(s). This involves the
following major activities:
taking a decision about what option(s) to pursue and implement;
-

agreeing on a plan for communication and implementation (time scale, responsibilities, budget,
etc.): this to inform organisations directly involved in executing the plan, and all other
stakeholders;

-

agreeing on a plan for monitoring the implementation of the chosen option(s);

-

agreeing on a plan for evaluating the implementation of the chosen option(s), and perhaps
revisiting the plan(s) or even the initial decision if necessary.

Usually, the focus of activities within this stage is with the client (the decision maker's organisation).
Analyst(s) may be asked to support the development of plans.
For each of these stages, Table 6 presents some typical activities related to climate change adaptation.
stage
A0 –
Initiation

A1 –
Appreciation

A2 –
Analysis

A3 –
Assessment

Activities
 Creating awareness of the existence of the problem caused by (changes in)
climate extremes.
 Acknowledgement that a resolution might be beneficial to society, organisations,
people involved
 Seeking support and forming initial alliances to set things in motion.
 Identify stakeholders (including relevant administrative bodies) and get them
involved.
 Collect initial information about actual and future climate change adaptation related
threats and effects, ongoing activities and why they are (in)adequate, relevant
good practices elsewhere, about current regulations and public concerns.
 In general, communicate and raise awareness and address 'cross-border' or 'crosssectoral' issues.
 Conduct a climate change vulnerability and risk assessment, including an impact
and probability analysis with an indication of impact and risk magnitudes, and the
analysis of more general aspects influencing climate risk (such as demographics,
urban development, socio-economic development, societal values and business
prospects, geographical aspects, etc.).
 Identify and agree on adaptation objectives, possibly with specific targets.
 Develop a shared understanding (and possibly agreement) among stakeholders of
the issues and the way to proceed.
 Identify or develop adaptation options for reducing the impact and/or the likelihood
of the risk. Use existing good practices and measures (from elsewhere where
they are transferable). Options will generally concern installing new or enhancing
existing capabilities to improve preparation, pro-action, response and aftercare
activities to weather and climate hazards.
 Explore the merits (pros and cons, benefits and drawbacks, strengths and
weaknesses, positive and negative effects, costs, public acceptance, etc.) of the
options.
 Prioritise the options on a set of (weighted) criteria and identify the preferred
one(s), accounting for uncertainties.

A4 –
Action

 Communicate the recommendation to the decision maker(s) and other
stakeholders.
 Develop plans for the implementation, monitoring and evaluation of adaptation
options.
 Execute the implementation plan after the decision has being made. Involve
stakeholders in the implementation process; create awareness and commitment.
Table 6 - Climate change adaptation oriented decision support activities per 'A- stage' (based on (EEA, 2013))

4.5. Decision Support Methods and Tools
There is a range of methods and software packages that can support specific steps in the climate
change adaptation DS process, such as:
-

Cost-Benefit Analysis (CBA)

-

Bayesian Belief Networks

-

Cost-Effectiveness Analysis (CEA)

-

Probabilistic Analysis and Statistics

-

Decision Trees

-

Risk and Vulnerability Assessment

-

Forecasting

-

Robustness Analysis

-

Game Theory

-

Scenario and Morphological Analysis

-

(Serious) Gaming

-

Simulation

-

Multiple Criteria Analysis (MCA)

-

Visualisation Techniques

Annex B presents a broad overview of relevant methods, which also indicate their applicability for
different stages in the DS process. Annex B also introduces a selection of tools used in climate change
adaptation decision making, with a brief description of their functions and references for further
information (Table B.2). Other overviews of DS methods and tools with discussions of their purposes,
merits, strengths and weaknesses are available. (MEDIATION, 2013 and 2014) and (UNFCCC, 2008).
(CYPADAPT, 2013) provides a literature review on state-of-the-art MCA tools.
Inherently, soft analysis is subjective as it heavily relies on human judgement. However, judgement can
be treated as objectively as possible by following rules grounded in theory or established practice, by
recording discussions and the rationale for decisions, and agreeing on a sound process accepted by
all involved. For example, CLG (2009) offers ‘a manual for policy makers on the use of MCA’.
Methods and data relating to specific aspects of climate adaptation such as weather and climate
hazards, vulnerability assessment and climate adaptation measures, which are crucial for informing
decision making, are covered by separate RESIN reports.

4.6. Coping with uncertainty
The uncertainty that permeates wicked problems will most likely be a determining factor in all four study
stages (A1/A4), and thereby the design of the whole planning process and supporting DS methodology.
This is due to the large dependence on human judgement within the DS process, and on the subjectivity,
bounded rationality and bias that go with this.
When providing DS, concerning uncertainty, a distinction is to be made between:
problem and model context: the framing of the problem, the definition of its boundaries, the
identification of stakeholders and their perspectives and perceptions, the identification of
external sources of influence;
problem and model structure: unknown, unreliable or variable system behaviour, and lack of
-
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-

confidence or precision with which the influence and other factors are defined and can be
related to the model;
information and thereby model input: unreliable, imprecise, or missing data
model results: variability and reliability, prediction error, and estimates of option
consequences.

In the context of climate change adaptation, uncertainties are associated with projections of future
climate change and evaluation of the impact, and effectiveness of adaptation strategies and actions.
The development of climate change adaptation strategy and action takes place in the broader context
of city planning, amidst other uncertainties such as socio-economic and demographic developments.
The absence of knowledge and inherent variability influence all of these elements and issues. Methods
and techniques to cope with uncertainty depend on the nature of the uncertainty involved: absence of
knowledge requires a qualitative analysis, inherent variability usually a quantitative analysis if
measurement issues are involved, or a qualitative analysis if human behavioural issues are involved,
or even a mixture of both types of analysis.
Amid high uncertainties the Yale Framework (2015) recommends aiming for robust adaptation
objectives, undertaking sensitivity analysis and progressing adaptive management (through constant
monitoring and evaluation of actions). Also (Wise, 2014) recommends a systemic approach with regular
reflections on ambitions and objectives to stay away from what he calls maladaptive space, similar to
the recommendations in (Levin, 2012) to generate path-dependent policy interventions to avoid
catastrophic future impacts. In a next phase of the RESIN project (within Work Package 6) this will be
taken up when discussing in detail how to cope with uncertainty.

4.7. Decision support in workshops
Conducting workshops is very common in soft DS (Eden and Ackermann 2006). They allow
stakeholders, subject matter experts and decision makers, to meet and exchange views, to provide
(subjective) information, to share ideas and come up with options for solution or taking next steps, and
to agree on formulations and conclusions.
Workshops also allow facilitated model building, where a professional, independent and impartial,
facilitator guides the group in building and using a model. For this to be successful, quite a number of
conditions must be met (Schuman and Rohrbaugh 2010). The facilitator could be the analyst
responsible for the (scientific) quality of the DS methodology, but could also be an independent
professional. They must possess a number of important skills including the ability to use appropriate
facilitation techniques (Wilkinson 2004), especially when expert judgement should be elicited and
analysed (Meyer and Booker 2001).

4.8. Decision support systems
A decision support system (DSS) is a computer-based software package that supports governmental,
business-oriented or organisational decision-making processes. It does so by:
offering data and information stored in accessible databases or documents (in the DSS'
database itself or otherwise linked to it);
allowing users of the DSS to retrieve and manipulate relevant data and information, and
visualise this with the aim of understanding the cohesion or dependency amongst data sets
and their relevance to the problem at hand;
allowing flexible data modelling and analysis, and sometimes even reasoning, opportunities
-

-

by offering access to one or, preferably, more suitable methods and techniques (stored in a
model- or rule database) that allow further or better analysis of the problem or its possible
solutions; and
offering an interactive mode that allows non-expert users to comfortably use the DSS.

Since the 1990s DSSs have been developed with some degree of intelligence. Reasoning rules have
been implemented allowing systems to learn from additional information, make deductions and suggest
options that were not immediately obvious to the user. These are known as Expert Systems.
Although a DSS can be defined as a particular form of computerised information system (IS), this does
not reflect the knowledge- and model-based nature of a proper DSS. An IS would likely be more oriented
to managing, retrieving, and manipulating (often unstructured) information, or offering procedural
information by 'clickable' schemes and diagrams that give access to underlying documents, rules,
websites, etc. (possibly held outside the IS).
A DSS may be web-based and thereby accessible through the internet, or implemented as a standalone system on a computer. It can be used by single users or multiple users, with or without interactions
between them.
An interesting example of a DSS linked to climate change adaptation is the JRC funded UK Climate
Just system ((Climate Just 2014)). It provides a wealth of information related to climate hazards and
vulnerability, organised via a diagram of key tools that poses a number of questions that guides the
user towards underlying documents. It also contains a geographical information system (GIS) that
allows the creation of maps of the UK (as in figure 4) that show vulnerability to flooding, heat and fuel
poverty from national level down to neighbourhood level..

Climate JUST

Figure 4 - Manchester Area – River and Coastal Flood Disadvantage9

An especially useful information retrieval system regarding the subject of adaptation, which is organised
along the lines of a step-wise approach, is the European Climate Adaptation Platform (EEA, 2013). It
offers guidance on each of the relevant DS stages and provides a wealth of information to support the
analysis and to avoid pitfalls. This guidance and information has been organised in the Urban
Adaptation Support Tool (EEA, 2012). The MEDIATION Adaptation Pathfinder (MEDIATION, 2013 and
2014) provides a similar guidance platform. It offers access to appropriate documentation and websites,
organised along several thematic paths and menus as displayed in Table 7.
9

http://www.climatejust.org/welcome-climate-just-web-tool
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Table 7 - The MEDIATION Toolbox overview (MEDIATION 2013/2014))

The Dutch knowledge platform for Spatial Adaptation10 provides links to and descriptions of dedicated
tools for DS related to climate adaptation in urban environments. These tools have been developed by
a large number of organisations. In most cases these must be contacted to actually make use of the
tool or service for specific situations. Another category of instruments on this website consists of
‘manuals’ for a ‘step-wise’ approach to climate adaptation decision making. Examples are ‘Handboek
Meekoppelen’ (i.e. Mainstreaming Manual for plugging in and cooperating) and ‘Handreiking Stresstest’
(i.e. Stress Test Manual). These steps resemble the four A- stages as described in section 4 of this
report.
Finally, we wish to mention the Australian platform ICLEI Oceania 11, a network of over 1,000 cities,
towns and metropolises committed to building a sustainable future. The platform offers tools to
individual councils with specific sustainability needs; the topics include vulnerability and risk
assessment, linking mitigation and adaptation, building resilient infrastructure and financing. It should
ideally be used alongside the Climate Change Impacts & Risk Management guide from the Australian
Government Department of Climate Change (Australian Greenhouse Office, 2009).

4.9. Discussion

10

-

Based on the issues covered within this report, we observe the following key issues relating to
DS, with specific reference to climate change adaptation where appropriate: There is quite a
diverse range of DS Tools and platforms available to support the process of working towards
climate proof cities. These tools combine available information on specific aspects of climate
adaptation, such as hazards, vulnerability, risk, available measures and their costs and/or
integrate this information in a stakeholder-oriented process, in which the aims and interests of
different stakeholders play a role in decision making.

-

concept mapping or causal mapping .

-

For stages A2 (analysis) and A3 (assessment) of the DS scheme proposed in this report,
several tools have been developed. However, to our knowledge there are few examples of their
actual usage in practice. Many tools seem to have been used for test cases in cities, but not
taken up by others. Most tools seem to focus on cities and neighborhoods in general (or even
larger areas); Few tools (Kulawiak and Lubniewski, 2014) refer explicitly to critical infrastructure
or take the critical infrastructure systematically into account There are exceptions such as the
University of Manchester’s EcoCities Spatial Portal12. This provides users with the opportunity

http://www.ruimtelijkeadaptatie.nl/en/
http://www.iclei.org/details/article/local-government-climate-adaptation-toolkit.html
12
The spatial portal is available at: http://www.adaptingmanchester.co.uk/
11

to map different critical infrastructure assets against climate hazards affecting Manchester.
Combining national and local data with adaptation strategies provide desired insight.
-

We have not been able to discover dedicated tools for network managers and others that have
to take decisions for making critical infrastructure climate proof. Such tools may be developed
in-house and not be publically available. E.g. electricity suppliers in the UK have developed
flood proofing responses for sub-stations, no doubt based on GIS analysis.

-

Few tools combine the various elements that are considered necessary for taking decisions on
climate adaptation in cities, such as scenarios for the future development of extreme weather
events, exposure and vulnerability, and the effects of adaptation measures on these. For
example, tools such as 3Di13 and Cityflood14 (see also Annex B), demonstrate the effect of rain
showers, but are not integrated with future climate scenarios. The Adaptation Support Tool15
calculates the effects of adaptation measures, but does not contain information on vulnerability.

-

Quite a number of tools are GIS-based, reflecting the necessity to deal with localised
information on, for instance, exposure to weather and climate hazards or the location of
vulnerable objects or communities. GIS provides a platform for interdisciplinary studies and is
relatively easy to carry out by researchers and relatively easy to understand by urban planners
(Ren at al. 2013).

-

Also noteworthy is the (apparent) lack of a trustworthy, relevant (multi-stakeholder) cost-benefit
analysis on different adaptation measures, but not necessarily in monetary terms. This remains
one of the major challenges in the field of climate adaptation.

13

http://www.3di.nu/en/international/
http://www.cityflood.org/cityflood/
15
http://www.nusdeltares.org/projects/adaptation-support-tool/
14
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5. RESIN project issues and connections
Adaptation to climate change is a ‘wicked’ problem, as it is characterised by many uncertainties on
what actually is the problem, what are problem boundaries, who has ownership, what information and
with what quality is available, and how is the process to cope with the climate and climate change
challenges to be organised.
This state of the art report on Decision Support presents a general approach for ‘wicked’ problems. It
is well-understood that in tackling such challenges, the problem will address different elements, many
of which will be of a problem proper nature. Focus of this report is on the four-A stage framework and
decision support methods and tools that support the ‘soft’ human judgement based analyses. Its aim
is to reduce uncertainties and to cope with remaining uncertainties when developing solutions.
This framework with its associated activities provides the basic elements for the RESIN Decision
Support System (being developed in WP6 of the RESIN project). Combining this with other wellknown frameworks from the climate change community (e.g. ICLEI’s integral management system
(IMS)) may eventually provide the backbone for further activities within the RESIN project. A task
dedicated to harmonising the various decision support tools currently existing and being developed
within the RESIN project appears to now be needed.
It is to be understood that within this process and its ‘soft’ decision support, also holds content-driven
methods, tools, and databases will be required and used. Different aspects of the problem can be
described and presented in ‘problem proper’ terms for which rational ‘solutions’ exist, based on
quantitative, user-independent data or measurements. objective, independent measures. Other Work
Packages of RESIN (especially WP1, WP2 and WP3) concern these type of questions and aim to
offer related DS tools. Also, GIS-systems will likely be important support tooling. All together this will
provide for a consistent, well connected suite of decision support tools within RESIN.
Given the apparently limited use of tools in practice, to start with we need to better understand the
situation facing cities, and particularly expectations of the RESIN stakeholders. The stakeholder
mapping process being undertaken within the project needs to be followed up by an inquiry into
stakeholders’ needs. This will be an important element of the WP4 activities and the related
engagements with the four city partners in the project. In particular, input from decision makers
dealing with critical (city) infrastructures will be sought.
An integrated approach on how to use the available set of DS Tools to progress urban climate change
adaptation from a first vulnerability analysis to a multi-stakeholder climate proof city design and
implementation strategy is needed. RESIN’s objective is to bridge this gap by providing a DS
Framework offering guidance on which tool to use in which situation, for which problem and in which
step to move towards a more climate proof city. Taking advantage of the experience of other
platforms (see section 4.8) RESIN aims to build on and progress the support that the diverse range of
available tools supplies, and address issues including which type of support is still missing and/or
could benefit from further development in taking steps towards climate resilient cities
One overarching challenge is the integration of climate adaptation measures into mainstream city
processes concerning the management and maintenance of assets and new construction and
restructuring projects. These city processes provide the most promising windows of opportunity for
integrating climate adaptation; climate adaptation usually won’t provide a business case on its own.
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Annex A - Checklist for concluding a wicked
problem
This checklist or questionnaire serves to assess whether a particular problem one is faced with,
should be treated as a wicked problem. Early recognition is important as many decision methods that
perform well for other problem types are likely to fail for wicked ones. Decision theory offers
judgement-based methods and techniques that are well-suited to address ‘wicked’ problems.
After ticking items on this list, one may conclude that the problematic situation is a puzzle/problem
proper if none or only a few items have been ticked, whereas a wicked problem would be an
appropriate conclusion if most items were ticked. In such case one could take some effort to initially
reduce the uncertainty regarding a number of items. This could be done by making some restrictive
assumptions regarding values of particular variables that affect the problem.
If successful, the remainder of the process could be set up as a problem proper solving process which
would then likely be less dependent on judgement-based methods and techniques. It would be wise,
however, to readdress those restrictive assumptions at a later stage and investigate if the
assumptions should not be relaxed after all.


Not much is initially known about the nature of the problematic situation and its boundaries (what matters and
what does not).



Not much is initially known about defining the elements of the problematic situation and how they may be
interrelated.



Not much is initially known about who the stakeholders are and in what manner they may be directly or
indirectly affected, their viewpoints and what they are worried about.



Not much is initially known about the goals, objectives and measures of effectiveness or merit that may be
relevant.



Not much is initially known about what can and should be changed towards improvement of the problematic
situation, and under what conditions or according to what criteria a change will be regarded as an improvement.



Not much is initially known about the data needed, its relevance, availability and reliability.



Not much is initially known about the way in which changes in context will affect the problematic situation, its
improvement and the study design to achieve it.



Not much is known about key interactions of human cognition, beliefs and behaviour.



Not much is known about where any possible resolution will most likely have side-effects attached to them that
are undesirable by stakeholders.



It is expected that the issue has no clear end-points, transcends specific domains, and has significant political
or public policy implications.



Power, emotion, politics and ethics will most likely come into play, but not much is initially known about how
and to what effect.



Different people say different things (or express different views) about the same issue.

slightly adapted from (Wijnmalen et al 2012)) and based on e.g. (Pidd 1996/2009 and 2004)), (Franco and Montibeller
2010), (Eden and Ackermann 2006), (Mingers 2011))

Annex B – Judgement Based Methods and
Techniques
This annex first provides an overview and brief description of judgement-based methods and
techniques (Table B1). It contains also our own assessment of applicability and usefulness for
respective main stages of DS (Wijnmalen, 2012).
This is followed with an overview of methods and tools specifically developed in support of climate
change adaptation planning is presented (Table B2). When selecting a tool, consider the method or
technique to be fit for purpose, suitable to cope with the nature and amount of uncertainty, past
experience in similar situations; pragmatic considerations concerning resources needed (time, money,
data requirements, available software and computers); organisational culture and the nature and
requirements of the method.

Label

Brief description
Appreciation

Brainstorming/
Brainwriting

Causal
(Cognitive)
Mapping

Concept
Mapping

Cost-Benefit
Analysis

Decision Trees

Delphi

Generation of a large number
of ideas in a short period of
time. Several specific
techniques exist that allow
the use of group creativity.
After this divergence, usually
convergence follows.
A network of nouns (i.e.
concepts) connected by
arrows that represent
influence or causal relations
between them. Used to
visualise problem issues and
elements and to identify the
key concepts in causal
sequences.
A network of nouns (i.e.
concepts) connected by
arrows that represent
associations between them.
Used to visualise problem
issues and elements and to
create structure and
understanding.
Economic analysis of the
positive and negative
consequences of an option
expressed in monetary terms.
Computation of net value or
C:B ratio leads to conclusion.
Diagrammatic representation
of (sequences of) possible
courses of action and their
consequences, possibly with
probabilities or other
assessment values attached.
Anonymously collecting
opinions from a group of
experts by questionnaires.
Creation of consensus in
several rounds by showing
intermediate anonymous
(often averaged) results.

Use in main stage:
Analysis
Assessment

Action

Yes

Possibly

Yes

Yes

Possibly

Yes

Yes

Possibly

Yes

Yes

Possibly

Yes

Yes

Yes

Yes

Yes

Possibly

Yes
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Label

Brief description
Appreciation

Drama Theory
/ Confrontation
Analysis

Forecasting

(Serious)
Gaming

Journey
Making
(SODA)

Morphological
Analysis

Multiple
Criteria
Analysis (MCA)

PMI Analysis

Definition of present situation,
the predicted future situation
without intervention, each
stakeholder's preferred future
situation and thereby
potential areas for conflict
and compromise. Analysis of
threats and promises and
how stakeholder intentions
affect each other.
Confrontation of all
stakeholders' possible
courses of action which
should lead to a commonly
desired outcome.
Qualitative and quantitative
techniques to predict future
outcomes of intervention
options or of autonomous
developments.
Simulation of real-world
processes or events,
possibilities of intervention
and their effects. Stimulation
of stakeholder
communication and creation
of insight and understanding.
Strategic options
development and analysis
using Causal Maps, where
one or a small number of
goals are identified,
supported by a greater
number of aspects, and
finally by (intervention)
options. Can precede MCA.
Creating a table of influencing
('driving') factors and possible
manifestations of each of
them. Cross-consistency
analysis will reveal
impossible or illogical
combinations. Combining
table elements can lead to
scenarios or system- or
solution compositions
(depending on the issue).
Development and relative
weighting of criteria used to
evaluate the attractiveness of
several options expressed in
qualitative and/or quantitative
terms. Creation of a final rank
ordering or one most
preferred option using
qualitative and/or quantitative
aggregation methods.
Several MCA 'Schools of
thought' exist, including the
Analytic Hierarchy Process.
Survey of the Plusses and
Minuses of an option, and
those aspects that are/seem
Interesting but need further
investigation.

Yes

Use in main stage:
Analysis
Assessment

Yes

Possibly

Yes

Yes

Possibly

Yes

Yes

Yes

Yes

Yes

Action

Possibly

Possibly

Yes

Yes

Possibly

Yes

Yes

Yes

Label

Brief description
Appreciation

Pro-Con
Analysis

Robustness
Analysis

Scenario
Analysis

Scorecard
(Effects /
Performance /
Impact Matrix)
Soft Systems
Methodology

Strategic
Choice
Approach

System
Dynamics

Survey of arguments in
favour of (Pro) or against
(Con) choosing a particular
option. Arguments may
balance each other out and
thus be removed; what
remains indicates a final
conclusion.
Analysis of the merits of
options under several
different conditions (e.g. in
the form of scenarios). Copes
with uncertainty without using
probabilities. Used to identify
the most compatible options.
Development and analysis of
several future situations that
depend on a few driving
factors; sometimes the initial
situation and one or more
roads of events leading to the
future situation(s) are added.
Used to analyse differences
and/or the robustness of
options under uncertainty.
Survey showing the
qualitative and/or quantitative
assessments of options on a
number of criteria. Specific
ways of visualising exist.
Creation in workshop settings
of 'rich pictures' showing
relevant problem aspects
concerning Customer(s),
Actors, Transformation,
World Views, Owner(s), and
Environmental constraints
(CATWOE). Purpose is to
define and structure the
problem, and capturing
requirements. Conceptual
models of activities are
created and used to define
interventions.
Identification of all areas of
uncertainty and all possible
options addressing the whole
problem space. This done in
workshop settings
addressing: the decision area
(option development), the
comparison area (option
assessment), the uncertainty
areas (environment, guiding
values, related perspectives).
Development and analysis of
a Quantified Causal map
serving as a model of timedependent relations between
variables allowing to analyse
the dynamic behaviour of
systems and consequences
of (policy) interventions.

Use in main stage:
Analysis
Assessment

Yes

Yes

Action

Yes

Yes

Possibly

Yes

Yes

Possibly

Yes

Yes

Yes

Possibly

Yes

Yes

Yes

Yes

Yes

Possibly
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Label

Brief description
Appreciation

SWOT
Analysis

Use in main stage:
Analysis
Assessment

Action

Identification of the strengths,
Yes
Yes
weaknesses, opportunities
and threats of a situation or
option, and what to do with or
about them (creation of
options).
Visual
In contract to analytical
Possibly
Yes
Possibly
Prioritisation
prioritisation (rank ordering or
best option selection) as
provided by MCA, Visual
Prioritisation lets the decision
maker prioritise based on
visual information. E.g. a 2dimensional diagram with
both X- and Y-axis
representing less and more
attractive values where the
upper right corner suggests
higher priority than the lower
left corner.
Visualisation
Presentation techniques for
Yes
Yes
Yes
Yes
Techniques
conveying qualitative or
quantitative information.
Table 1: Non-exhaustive list of predominantly judgement-based methods and techniques for decision support, some
characteristics, and an indication for which stage(s) they could be useful.

Table 2. Selection of dedicated climate adaptation tools.
A1, A2, A3 and A4 reflect Appreciation, Analysis, Assessment and Action, respectively.
Main
decision
support
label
Costbenefit
Analysis

Other
decision
support
labels
Multicriteria
Analysis

Climate
adaptation
tool

Owner / Developer

CATLoG

Macquarie
University;
University of New
South Wales,
Sydney

Brief description

Decision Support
stage supported

A2, A3
-

-

-

CATLoG demonstrates the influence of various risk parameters on the
investments stakeholders make to reduces the damage of extreme climate
events.
It uses a combination of quantitative (cost-benefit analysis) and qualitative
(multi-criteria analysis) methods. The tool relies on expert judgements on the
frequency and severity of such events.
The tool is Excel based and can be downloaded free of charge.
It has been used in decision making workshops with stakeholders.

Link: https://www.nccarf.edu.au/publications/climate-adaptation-decision-support-toollocal-governments
Costbenefit
Analysis

Costbenefit
analysis

Rambøll
Management
Consulting

A2, A3
-

This is a socio-economic cost-benefit analysis methodology for cloudburst
adaptation plans.
It has been applied in studies for two areas with a high risk on pluvial flooding
in Copenhagen.

Link: http://www.ramboll.com/~/media/files/rm/rapporter/cloudburst%20costbenefit%20analysis%20oct.%202013.pdf
Costbenefit
Analysis

Social
CostBenefit
Analysis

RebelGroup

A2, A3
-

-

This is a socio-economic cost-benefit analysis calculation tool for climate
adaptation measures and combinations of measures. Costs and benefits are
split between different stakeholders.
It has been applied in studies for two Rotterdam areas: Kop van Feijenoord
and Bergpolder Zuid.

Link: http://www.rebelgroup.com/nl/projecten/ontwikkelen-innovatieve-klimaatadaptievemkba-voor-rotterdam/413
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Main
decision
support
label
Cost
Analysis

Other
decision
support
labels

Climate
adaptation
tool

Owner / Developer

CliCo

Climate Adaptation
Services

Brief description

Decision Support
stage supported

A2, A3
-

CliCo estimates the costs of the effects of climate change until 2050, taking the
uncertainty in climate change and its effects in consideration.
The risk of climate extremes comes from the decision support tool Interactive
Climate Maps, also described in this table.
The results of the calculations are presented in an interactive visualisation.
It has been applied in a select number of case studies in the Netherlands and
Germany.

Link: http://www.climateadaptationservices.com/nl/clico
Decision
Trees

Robustness
Analyses
;
Scenario
Analyses

Dynamic
Adaptive
Policy
Pathways

Deltares; TU Delft

A2, A3
-

-

The Dynamic Adaptive Policy Pathways (DAPP) method supports climate
adaptation decision making under uncertainty.
It uses Adaptation Tipping Points and Adaptation Pathways to specify actions
to be taken immediately to be prepared for the near future and actions to be
taken now to keep options open to adapt if needed in the future.
The calculated results are graphically presented.
It has been applied in a research study for the Rotterdam district Feijenoord,
and presented to its stakeholders.

Links: https://www.deltares.nl/en/adaptive-pathways/
http://repository.tudelft.nl/view/ir/uuid%3A8ba6e1df-3cb6-49c5-b36f-72649f552a8e/
Decision
Trees

Visualisation
Techniques

Mainstrea
ming tool
(Meekoppe
ltool; plug
in and
cooperate)

TNO; Deltares

A1-A4
-

-

-

The Mainstreaming tool supports the development of a climate adaptation
agenda for an area by its stakeholders.
This agenda links climate adaptation measures to asset management and
maintenance, new construction and renewal projects. Thereby, it provides an
implementation plan for an area to reach its climate adaptation ambitions.
It links information on the effect of climate adaptation measures to the asset
projects (management, maintenance, new construction, renewal) for which
they are relevant.
The tool is web-based and may be used in a workshop setting.

Link: http://transphorm-iat.tno.nl/KAMTDemo/

Main
decision
support
label
Forecasting

Other
decision
support
labels
Multiplecriteria
Analysis;
Scenario
Analysis;
Visualisation
Techniques

Climate
adaptation
tool

Owner / Developer

Adaptation
Support
Tool

Deltares

Visualisation
Techniques

Cityflood

Brief description

Decision Support
stage supported

A2, A3
-

-

The Adaptation Support Tool (AST) is developed to assist urban designers and
stakeholders in selecting a package of adaptation measures that performs as
required. It assists the users in selecting measures for area specific assets and
checking their performance on water-, drought and heat resilience, including
their costs-benefits.
The tool is a touch-table application with a geographical interface and is used
in multi-stakeholder workshops.

Link:http://www.nusdeltares.org/projects/adaptation-support-tool/
Forecasting

HydroLogic

A2, A3
-

-

Cityflood simulates the consequences and water drainage process after heavy
rain showers in a specific city area. Furthermore, it shows the effects of
measures/interventions.
It is based on high resolution modelling and presented in a 3D geographical
animation.
This animation may be used to support a stakeholder discussion.

Link: http://www.cityflood.org/cityflood/
Forecasting

Visualisation
Techniques

Interactive
Climate
Maps

Alterra/WUR;
KNMI; Deltares;
KWR; Geodan;
Royal HaskoningDHV; TNO; ESRI

A2
-

Interactive climate maps visualize climate vulnerability and the effects of
climate change for certain areas.
The geographical data and model calculations are presented in an interactive
visualisation.
They have been produced for provinces, water boards and municipalities and
can support multi-stakeholder discussions.

Link: http://www.climateadaptationservices.com/en/interactieve-klimaatatlas

33

Main
decision
support
label
Forecasting

Other
decision
support
labels
Visualisation
Techniques

Climate
adaptation
tool

Owner / Developer

Urban
Climate
Map
System

Alterra/WUR

Brief description

Decision Support
stage supported

A2, A3
-

-

UCMS provides heat stress and air pollution maps, combined with information
on effective climate adaptation measures which can be integrated in the
processes of urban planning and policy making.
It combines analytical maps of climatic elements, geographic terrain
information, greenery information and planning parameters.
The system has been applied to the Dutch city of Arnhem.

Link: http://www.sciencedirect.com/science/article/pii/S0303243412000281 (Ren et al.,
2013)
Forecasting

Visualisation
Techniques

Safecity

Gdansk University
of Technology

A2, A3
-

-

-

Safecity combines GIS maps of flooding risks (among other non-climate risks)
with information on critical infrastructures, to assist in strategic resource
allocation and urban planning.
It uses height maps to calculate flooding and the CARVER 2 target analysis
(originally developed by the U.S. Military) to assess the vulnerability of city
infrastructures.
The system has been applied to the Polish city of Gdansk.

Link: http://www.sciencedirect.com/science/article/pii/S0040162513002163
Forecasting

STAR

The Mersey Forest;
University of
Manchester

A2, A3
-

-

The STAR models allow stakeholders to assess the potential of green
infrastructures in adapting their areas to climate change.
In these tools, users can determine how surface temperatures and runoff
varies as they increase or decrease the proportion of green infrastructures,
under different climate scenario’s
The tool is web-based and uses a step-wise approach.
Results may be used in decision making on policy, strategy and development
levels.
The STAR models have been applied to the Greater Manchester area.

Link: http://maps.merseyforest.org.uk/grabs/index.php

Main
decision
support
label
Forecasting

Other
decision
support
labels

Climate
adaptation
tool

Owner / Developer

UCAM

Witteveen+Bos,
WUR, KNMI

Brief description

Decision Support
stage supported

A2, A3
-

-

UCAM is a 3 step calculation method for the assessment of heat stress risks:
1. Vulnerability
2. Effect of relevant measures
3. Integration with urban development processes
The results of the (Excel) model can be used for decision making (processes).
It has been tested for the Belgian city of Gent.

Link: http://www.witteveenbos.nl/nl/UCAM
MultiCriteria
Analysis

MultiCriteria
Analysis

IHE

A2, A3
-

This multi-criteria analysis framework can be used to prioritize in climate
adaptation actions.
It uses input from both normative judgment and technical expertise.
The results are visualized in graphs, which can support decision making.
The method has been applied to the city of Dhaka, Bangladesh.

Link: http://www.ihs.nl/fileadmin/ASSETS/ihs/IHS_Publication
/IHS_Working_Paper/IHS_WP_025_Haque_AN_Grafakos_
S_Huijsman_M_Assessment_of_adaptation_measures_agains_flooding_Dhaka_Bangl
adesh__2010_.pdf
Serious
gaming

Forecasting;
Scenario
Analysis;
Visualisation
Techniques

3Di

Deltares

A2, A3
-

3Di supports operational water management, calamity management and
spatial planning design.
The 3Di user interface enables decision makers and civilians to visualise the
impact of the proposed measures in various climate scenarios.
It is based on detailed hydraulic computations that allow for interactive
modelling on a touch-table and iPad.
It has been used in various workshop settings.

Link: http://www.3di.nu/en/international/
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Main
decision
support
label
Serious
gaming

Other
decision
support
labels
Forecasting;
Visualisation
Techniques

Climate
adaptation
tool

Owner / Developer

Climategame

Tygron

Brief description

Decision Support
stage supported

A1-A4
-

-

Climategame is serious game which trains students to develop an integrated
approach for the improvement of water management, physical environment
and the physical quality of life in a university district. Every player in the climate
game has its own interests and goals to achieve, which are sometimes
contradictory.
It makes use of hydrological models and various data sources.
The calculations are presented in an interactive geographical 3D interface.

Link:http://climategame.nl/
Serious
gaming

Metrogame

Dutch Ministry of
Infrastructure &
Environment

A1-A4
-

-

Metrogame is designed for multi-stakeholder workshops on “mainstreaming”
(i.e. 'plug in and cooperate') climate adaptation. It is develop to bring the main
goals, challenges and opportunities for the different stakeholders to the table.
The game is a (Dutch) board game which can be downloaded and printed free
of charge.

Link: http://handboekmeekoppelen.nl/het-metrospel/

www.resin-cities.eu

