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Abstract 
 
Climate is a key driver of complex human and natural systems. Weather uncertainty 
has always provided challenge enough to real-world decision makers, but it was 
perceived as classical uncertainty derived from stable systems that we just did not 
understand well enough. Climate change introduces non-stationarity, altering in 
fundamental ways the structure of decision problems in important areas of private and 
public life and compounding uncertainty at every level, from global projections to the 
construction of climate scenarios.  
 
This project was motivated by a perception that a ‘gap’ exists between climate science 
output and end-user needs. End-users of climate science information typically are 
charged with planning and/or managing some subset of human and natural systems at 
a local or regional scale. Thus there are at least three sources of a possible ‘gap’:  
 

• from an end-user perspectiveclimate science outputs might be too inaccurate 
and/or imprecise;  

• they may be pertinent to more aggregated systemsperhaps at a larger 
geographical scale, than those for which most end-users are responsible, and; 

• they may be only one among many kinds of information that end-users must 
consider in making decisions about the complex human and natural systems they 
are tasked with managing. 

This project was designed to address these issues by improving our understanding of 
any gaps that may exist between climate science outputs and the needs of decision 
makers, and suggesting decision making frameworks and tools that may be useful to 
decision makers. To that end, we present a review of decision making under climate 
uncertainty, which examines:  
 

1. the nature of uncertainties likely in the presence of climate change,  
2. the psychology at work in decision making under uncertainty,  
3. the potential for decision frameworks and tools to help structure end-users 

adaptation decisions, and;  
4. additional characteristics of decision problems relevant to climate change 

adaptation decisions.  
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EXECUTIVE SUMMARY 
 

Because climate is a key driver of complex human and natural systems, climate 
change alters the structure of decision problems in important areas of private and 
public life. Weather uncertainty has always provided challenge enough to real-world 
decision makers, but some reassurance could be derived from the notion that longer 
and more accurate data series eventually would enable us to better characterise the 
uncertainties. That expectation assumed stationarity of climateits manifestations 
would vary of course, but within stable and stationary distributions. Climate change 
introduces non-stationarity, which compounds uncertainty at every level, from global 
projections, through every kind of prediction, modelling and the construction of climate 
scenarios.  
 
This project was motivated by a perception that a ‘gap’ exists between climate science 
output and end-user needs. End-users of climate science information typically are 
charged with planning and/or managing some subset of human and natural systems at 
a local or regional scale. Thus there are at least three sources of a possible ‘gap’: 
 

• from an end-user perspective—climate science outputs might be too inaccurate 
and/or imprecise;  

• they may be pertinent to more aggregated systems, perhaps at a larger 
geographical scale, than those for which most end-users are responsible; and,  

• they may be only one among many kinds of information that end-users must 
consider in making decisions about the complex human and natural systems they 
are tasked with managing. 

This project was designed to address these issues by improving our understanding of 
any gaps that may exist between climate science outputs and the needs of decision 
makers, and suggesting decision making frameworks and tools that may be useful to 
decision makers.  
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1. OBJECTIVES 

This project aimed to examine the potential for decision frameworks to help people 
manage the uncertainty inherent in climate change adaptation decision making, with 
four main objectives: 

 
• Objective 1. Synthesise and evaluate the currently available decision 

frameworks, in terms of their ability to identify the needs of end-users and to 
incorporate the inherent uncertainty associated with climate change predictions.  

• Objective 2. Assess the information needs of key end-users and identify the 
sources of uncertainty faced by end-users. In particular, to examine the value of 
information about climate change predictions and adaptation options.  

• Objective 3. Build the capacity of decision makers and climate scientists to use 
appropriate decision frameworks.  

• Objective 4. Create a decision support tool.  

 

Synthesise and evaluate the currently available decision frameworks, in terms of 
their ability to identify the needs of end-users and to incorporate the inherent 
uncertainty associated with climate change predictions.  
 

1. This project has reviewed the currently available decision frameworks and tools 
that could assist the decision making process under climate uncertainty, in 
order to better understand how decision science and economic decision 
frameworks can be used to help structure the interactions between climate 
scientists and end-users. Informed by recent thinking in complex systems, 
decision sciences, and economics of decision making under risk and 
uncertainty, this project helps us understand:  

2. how real people actually make decisions under conditions of climate 
uncertainty,  

3. how to make optimal climate change adaptation decisions in theory and the 
difficulties of achieving a theoretical optimum, and  

4. how to provide practical guidance to end-users as they adapt to a changing 
climate under conditions of heightened uncertainty. 

We begin by reviewing the nature of climate uncertainty (including complexity, which 
suggests the possibility of non-stationarity, ‘unknown unknowns’, and non-normal 
distributions of predicted outcomes) and its implications for decision making. Randall 
(2011) argued that risk entails two ideas, chance and harm (when chance and benefit 
are entailed, we are likely to call the situation something else, e.g. a gamble). The 
chance element of risk and uncertainty can be clarified by considering three sources of 
chance:  
 

5. chance, because outcomes are generated by a random process;  
6. chance, because we do not understand the system that generates outcomes; 

and 
7. chance, because the system that generates outcomes is itself changing.  
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Where the cost of delaying a decision is modest, a rational approach to the first kind of 
chance may be to wait until nature resolves the uncertainty. The second kind can be 
resolved by only by research to better characterise the system that generates 
outcomesand the notion that more research will resolve the uncertainties, common in 
many contexts, assumes this kind of chance. The third kind of chance is less 
tractablebecause complex non-stationary systems have the property of increasing 
unpredictability, solutions may involve less resolving the uncertainties and more 
learning to live with existential uncertainty. 
 
Uncertainty may pertain to climate projections but also to the implications of climate 
projections for human and natural systems, and it is the uncertainties in impacts on 
inherently uncertain human and natural systems that may loom largest for decision 
makers. Our research suggests that a major element of ‘the gap’ between climate 
science and end-users may well be that climate projections are the end-goal for climate 
scientists, whereas for end-users climate projections are just one consideration among 
many. Climate scientists bring a natural science perspective to their work, whereas 
end-users are more likely to be rooted in the social and/or decision sciences, a 
difference that is reflected in rather different attitudes toward uncertainty. When end-
users seek climate science information, it is seldom for its own sake, but because it has 
clear implications for the problems end-users are tasked with solving. This finding is 
consistent with the distinction between science-first (‘here are our climate projections; 
how will you modify your plans and decisions in light of these?’) and context-first (‘this 
is the complex problem we face; what kinds of climate information will we need for 
effective planning and management?’) approaches to decision making for climate 
adaptation (Reeder and Ranger 2011). 
 
End-user demand for climate projections depends on the time characteristics of the 
decision problem, and time characteristics come in two dimensions: the time 
commitment inherent in the decision, and the time-frame for deciding. Some examples 
may help. The local Fire Brigade likely can decide when to purchase a new fire engine 
without much consideration of climate projections, but climate projections may well play 
into decisions about requiring fire-resistant materials in construction of new buildings 
designed to last more than 50 years and decisions about permitting long-lived public 
and private infrastructure on land within a metre or two of sea level. If the time-frame 
for decision is flexible, it may be optimal to delay major commitments (perhaps even 
filling the gap with short-term fixes) while gathering information likely to reduce the 
uncertainties about longer-term conditions. The time-frame for decisions also may 
influence decision maker behaviourunder pressure, decision makers may respond to 
uncertainties by relying on intuition and heuristics which are associated with some 
systematic decision biases and can lead to suboptimal decision making. Structured 
decision frameworks provide an approach to overcome these problems.  
 

An ideal decision framework is one which is effective, efficient, equitable and legitimate 
(Adger, Arnell and Tompkins, 2005). With this in mind, two meta-frameworksbenefit 
cost analysis and adaptive managementhave been identified that serve as platforms 
for a variety of more specialised decision tools.  
 
Each meta-framework is based upon a ‘big idea’ that spawns whole families of related 
frameworks and tools. The big idea underpinning cost-benefit analysis is that if we 
repeatedly implement policies and projects likely to make us better-off, we will in the 
end become better-off. This idea is implemented by constructing outcome scenarios for 
each action under consideration and evaluating actions in terms of their likelihood of 
making us better-off or worse-off. The big idea underpinning adaptive management is 
that we don’t know enough to map outcome scenarios with any confidence, and we are 
fearful of committing to paths that might lead to disaster. So we move incrementally 
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through a long sequence of plan-implement-monitor-adjust cycles, a process intended 
to encourage learning, improve management, and limit risk exposure.  
 
Both of these meta-frameworks have spawned many variants, more or less 
sophisticated in their treatment of risk and uncertainty. There are also instances of 
convergence between these meta-frameworks, represented by real options analysis 
which introduces the idea of sequential information gathering and decision making into 
the cost-benefit meta-framework. 
 
We identified a selection of representative decision tools, some rooted in one meta-
framework, some rooted in the other, and some that incorporate elements of both.  
These were: 
 

• traditional Cost-Benefit Analysis,  
• Investment Framework for Environmental Resources,  
• Real Options,  
• Resilience Analysis and Management, and;  
• Strategic Adaptive Management.  

These tools were evaluated with respect to their ability to appropriately handle a variety 
of elements common in climate change adaptation decision making, such as:  
 

• uncertainties in projections,  
• the complexity of the systems of concern; and,  
• the effective lifespan of a decision to commit to an action.  

These decision frameworks and tools have been used to inform the workshops and 
master-class designed to bridge the gap between climate scientists and end-user 
decision makers. In addition, deliverables 3 (Practitioner’s handbook) and 4 (Online 
decision support tool) have drawn extensively upon materials arising from Objective 1.  
 
Assess the information needs of key end-users and identify the sources of 
uncertainty faced by end-users. In particular, to examine the value of information 
about climate change predictions and adaptation options.  
 
We identified the sources of uncertainty faced by end-users as background for 
assessing their information needs. This has been achieved through a survey of 
producers and users of climate science information administered by the University of 
Newcastle, the Bridging the Gap Learning Workshop in Canberra, and the Master-class 
for Decision Making under Climate Uncertainty at the University of Sydney.  
 
The web-based survey included questions intended to elicit from decision making end-
users their information needs related to the characteristics of their decision problems 
and processes. Of the respondents from our survey, the majority of both end-users and 
providers believe that more specific information on climate change is needed from 
providers for end-users to make better decisions. A significantly smaller proportion of 
end-users (four percent) believe there is enough climate change information available 
to make better decisions than providers (13 percent) who responded to our survey. 
This gap between the perceptions of climate scientists and end-users reflects the 
reality that, for end-users, climate information is conceived as being not only about 
climate projections but about the impact of climate on the complex human and natural 
systems they manage.  
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The master-class for decision makers was designed to provide an integrated learning 
and teaching experience: learning from the participants about the issues they face and 
the role of climate science information in decision making, and teaching the participants 
via lectures on decision frameworks followed by team activities to solve three case-
study decision problems. A recurrent theme from end-users was that the climate 
change science information currently available was not sufficiently focused on impacts 
upon the systems they manage, to help inform the sorts of decisions they were called 
upon to make.  
 
Many end-users overcame these problems by engaging other kinds of scientists and 
engineers to interpret the climate information for the systems they are assigned to 
manage. This suggests an important conclusion in the quest to define the ‘gap’ and 
suggest ways of ‘bridging’ it: an important element of the gap arises because end-users 
are tasked with managing complex human and natural systems that are impacted by 
many things including climate; and some of the bridging task may be assigned, quite 
rationally and appropriately, to intermediaries expert in interpreting climate information 
in this context.  
 
The outcomes of these activities have helped to inform Objectives 3 and 4, and 
Deliverables 3 (Practitioner’s handbook) and 4 (Online decision support tool) have 
drawn strongly upon these assessments.  
 
Build the capacity of decision makers and climate scientists to use appropriate 
decision frameworks.  
 
This research builds the capacity of decision makers and climate scientists to use 
appropriate decision frameworks through the creation of deliverables 3 (Practitioner’s 
Handbook) and 4 (Online Decision Support Tool). The handbook for making decisions 
under climate uncertainty draws directly from the review of operational decision 
frameworks. The handbook provides a step-by-step break down of the decision making 
process and shows how each of these decision frameworks may be invoked at each 
stage. For this purpose we have summarised the key features of a number of decision 
frameworks and these provide a brief overview of each framework and identify a few 
advantages and disadvantages of each. After each framework is introduced, a number 
of possible approaches to classifying adaptation decision problems are presented. 
Adaptation decision problems can be classified in various ways, and this project aims 
to engage with end-users whose decision problems are representative of the key 
decision theoretic properties of adaptation decisions.  
 
We successfully engaged with end-users and adaptation decision makers via the 
University of Newcastle web survey, the Canberra Bridging the Gap workshop, and the 
University of Sydney master-class in decision making under climate uncertainty.  
 
Feedback from the master-class was strongly favourable, indicating that the objectives 
of engagement and capacity building were met.  
 
The Practitioner’s Handbook and Online Decision Support Tool are intended to help 
build the capacity of decision makers on an ongoing basis.  
 

Create a decision support tool. (www.adapation-decisions.com)  

A web-based decision support tool has been created in collaboration with Dr. Nick 
Marsh and Tory Grice of Yorb Environmental Consulting, who specialise in creating 
environmental decision support software. This online support tool is designed to 

http://www.adapation-decisions.com/
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demonstrate the use of the alternative decision frameworks for dealing with uncertainty 
in climate change adaptation decision making. This online support will provide a 
resource to help the end-users of climate information decide whether using one of the 
decision frameworks considered by this project might help them as they approach 
climate change adaptation decision problems.  
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2. RESEARCH ACTIVITIES AND METHODS 

This research project was structured around milestones specified at the outset and, in 
some cases, amended subsequently by mutual agreement with the sponsors. The key 
activities were:  
 

1. Prepare a literature review of climate uncertainty and comparison of alternative 
decision frameworks. 

2. Prepare a Practitioners Handbook outlining methodological approaches to 
decision making for climate change adaptation under conditions of risk and 
uncertainty.  

3. Coordinate with The University of Newcastle in delivering a workshop for climate 
scientists and key decision makers. 

4. Develop a decision support tool that demonstrates the use of decision 
frameworks.  

5. Conduct a Master-class for end-users/decision makers. 
6. Prepare a Summary document of key findings in a language and style 

appropriate for end-users.  

 

We have completed Research Activity 1, which appears below as section 4.1 A 
Review of Decision Making Under Climate Uncertainty. This Review is intended to 
help the researchers working on NCCARF’s Uncertainty Synthesis project understand 
how decision science and economic decision frameworks can be used to help structure 
the interactions between climate scientists and end-users. Informed by recent thinking 
in complex systems, decision sciences, and economics on decision making under risk 
and uncertainty, this project will help us understand: 

• how real people actually make decisions under conditions of climate uncertainty,  
• how to make optimal climate change adaptation decisions in theory and the 

difficulties of achieving a theoretical optimum, and;  
• how to provide practical guidance to end-users as they adapt to a changing 

climate under conditions of heightened uncertainty.  

These frameworks have been used to inform the workshops and master-classes 
designed to bridge the gap between climate scientists and climate change adaptation 
decision makers. This review begins the project by reviewing the nature of climate 
uncertainty (including complexity, which suggests the possibility of ‘unknown 
unknowns’ and non-normal distributions of predicted outcomes), and two meta-
frameworks that serve as platforms for a variety of more specialised decision tools: 
benefit cost analysis and adaptive management.  
 
We have completed Research Activity 2, which appears as a Practitioner’s 
Handbook for Making Decisions under Climate Uncertainty. In this activity we 
review several specialised decision frameworks in terms of their ability to help key end-
users manage climate change uncertainty in adaptation decision making. These 
frameworks will be used to analyse and model the information needs and the value of 
information for key end-users of climate change modelling and climate scenarios.  

The handbook for making decisions under climate uncertainty arises directly from this 
review of operational decision frameworks. The handbook provides a step-by-step 
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break down to the decision making process into which each of these decision 
frameworks may also be broken down. For this purpose we have summarised the key 
features of a number of decision frameworks and these provide a brief overview of 
each framework and identify a few advantages and disadvantages of each. After each 
framework is introduced, a number of possible approaches to classifying adaptation 
decision problems are presented. This is important because adaptation decision 
problems can be classified in various different ways and this project aims to engage 
with end-users whose decision problems are representative of the key decision 
theoretic properties of adaptation decisions. Research Activity 4, develop an on-line 
decision support tool, has been completed. The Web-Based Decision Support Tool 
is available at www.adapation-decisions.com. 

For Research Activity 3, which required coordination with a team at the University of 
Newcastle, the research evolved in two directions. First, we contributed questions 
focusing on how decision makers use climate information to a web survey designed 
and administered by Newcastle. Preliminary analysis of responses is presented in 
section 4.2. Second, we participated in the Canberra Bridging the Gap workshop, a 
two-day workshop organised by the University of Newcastle team and intended to 
facilitate communication between climate scientists and end-users. 
 
Because the Canberra workshop (Research Activity 3) left us with more questions than 
answers, Research Activity 5, a master-class for decision makers, was designed to 
integrate learning from the participants and teaching the participants via lectures on 
decision frameworks followed by team activities to solve three case-study decision 
problems. This activity is reported in section  

2.1 Master-class for end-users of climate science information  
For Research Activity 6, we prepared a summary of key findings in a language and 
style appropriate for end-users. A review draft of this document is presented in 
Appendix 2.  

  

http://www.adapation-decisions.com/
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3. RESULTS AND OUTPUTS 

3.1 Review of decision making under climate uncertainty 
This literature review seeks to examine several strands of previous research which are 
relevant to end-users decisions over adaptation to climate change. The first examines 
the nature of uncertainties likely to be present those adaptation decision problems; the 
concept of chance (Randall 2011) is introduced as a framework for categorising these 
uncertainties. Second, we examine how end-users approach decisions through a 
review of the psychology at work in decision making; understanding the cognitive 
processes involved in complex decisions we are able to better understand the 
information needs of the end-users. Third, we examine the potential for decision 
frameworks and tools to help structure end-users adaptation decisions, and finally, we 
explore other characteristics of decision problems relevant to climate change 
adaptation decisions.  
 
It is worthwhile at this stage to ask the questionwhat is an end-user? End-users 
come in many types. One type may be individuals who have effective dominion over 
their decision problems, such as farmers considering changing their production 
systems to adapt to climate changes. A second type may be a group of planners, 
managers, and stakeholders making collective decisions, and often takes the form of a 
sequence of individuals (or groups) feeding into a process which results eventually in a 
decision. For these types of end-users, climate science is rarely employed directly but 
via intermediaries, such as technical specialists, who attempt to transform the climate 
science in a form relevant to their decision problems. There is also a third type of end-
userthe citizenry. They use climate science to inform their opinions about the 
appropriateness of government policies and actions, in this sense, they are the ultimate 
end-user.  
 
This research focuses mostly on the second type of decision making end-user of 
climate science and in particular on end-users concerned with public decision-making. 
Our focus here reflects an interest in elucidating some interesting decision problems 
where climate science is employed, and where decisions are seen as proactive rather 
than reactive adaptations. This focus does not diminish the usefulness of this research 
to other types of end-user. Generally, the nature of decision problems will differ along 
lines of scale (i.e. time and cost) and complexity (i.e. uncertainties, stakeholder 
preferences), and public decision making problems span close to the full range of these 
characteristics. In this sense, findings developed through this research have resonance 
with a range of decision making end-users of climate science. We should note also that 
this research makes no claim to have systematically assembled a representative 
sample of the second category of end-users. Our end-users were contacted from lists 
assembled by knowledgeable informants; and from these lists those who actually 
participated were self-selected by willingness to complete the University of Newcastle 
online survey, willingness to participate in the Canberra workshop, and/or willingness to 
participate in the Sydney master-class. We believe that the information gathered from 
our respondents and participants is highly informative, but we make no claim that it is 
representative of all end-users or all end-users in the second category.  
 

3.1.1 Decisions involving climate uncertainties are difficult 

Decisions are complicated when there are uncertainties, and for the end-users of 
climate information, uncertainties may pertain to climate projections as well as to the 
implications of climate projections for human and natural systems. It is the uncertainty 
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in impacts on inherently uncertain human and natural systems that may loom largest 
for decision makers.  
 
The general notion of uncertainties has been captured in the term ‘chance’ by Randall 
(2011), who identified three sources of chance:  
 

1. chance, because outcomes are generated by a random process;  
2. chance, because we do not understand the system that generates outcomes, 

and not all of the uncertainties that influence the system have been identified 
(Mearns 2010); and,  

3. chance, because the system that generates outcomes is itself changing.  

The first source of chance, outcomes generated by a random process, is also referred 
to by a variety of terms including risk and probability. In common usage risk typically 
involves a chance of harm. Thus risk entails two distinct ideas: several mutually 
exclusive outcomes are possible ex ante, and some of these possibilities are harmful. 
A risky prospect, we say, is one where the most likely outcomes involve modest gain 
but there is also the possibility of a substantial loss; we describe the typical lottery, 
where we buy a ticket at a small but certain price in order to get a tiny chance at 
winning a big prize, as a gamble rather than a risk. We assign meaning to these types 
of chance along the lines of a range of outcomes to which we can attach some 
likelihood of occurrence. For example, the toss of a regular coin carries with it two 
possible outcomes (heads or tails) and, if it is balanced, a 50 percent likelihood of a 
chosen outcome being realised. This process is random simply because we cannot 
know ex ante for sure what the outcome of the coin toss will be. Risks of this type have 
the property of being irreducible, that is, gathering further information about the ex ante 
outcome possibilities does not provide clairvoyance about the outcome of the coin toss. 
In a decision context where the cost of delaying a decision is modest, a rational 
approach to this kind of chance (i.e. classical risk) may be to wait until nature resolves 
the uncertainties. 
 
The second source of chance, arising from an incomplete understanding of the system 
which generates outcomes, has also been referred to as ‘uncertainty’. Knight (1921) 
introduced the following distinction between ‘risk’ and ‘uncertainty’: ‘risk’ refers to 
situations where we can define the ex ante outcome set and assign probability to each 
possible outcome, whereas under uncertainty we can define the outcome set but we 
are unsure of the probabilities of the outcomes.  
 
The definition of Knightian risk is satisfied by well-specified games of chance, but in 
most real-world chancy situations we are less than certain about the ex ante outcome 
set and attendant probabilities. Likewise, Knightian uncertainty is merely the most 
orderly tip of the uncertainty icebergwe may be uncertain also about the outcome set 
as well as the probabilities. Beyond uncertainty, various authors have defined gross 
ignorance (Henry and Henry 2002), structural ignorance (Brandolini and Scazzieri 
2011), and unknown unknowns (Rumsfeld, US Department of Defence briefing, 
February 12, 2002) as a situation in which the ex ante outcome set is unbounded. For 
example, the introduction of an untested biological control, such as the cane toad, into 
Australia resulted in outcomes that were not only unintended, but were not even 
imagined as a possibility.  
 
The third source of chance captures the notion that those unknown unknowns may 
themselves be changing with timenot only don’t we know the operation of the system 
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that generates these outcomes, but it is changing through time! The complex evolving 
systems implied in this kind of chance have the property of increasing unpredictability 
and non-stationarity, such that solutions may involve less resolving the uncertainties 
and more learning to live with existential uncertainty. The second and third types of 
chance tend to have the property of reducible uncertainties; the collection of additional 
information may reduce those uncertainties.  
 
The uncertainties inherent in adaptation decisions appear to closely correspond to the 
second and third types of chance. This second kind of chance can be resolved only by 
research to better characterise the system that generates outcomesand the notion 
that more research will resolve the uncertainties assumes this kind of chance. This is 
evident in the substantial research effort directed to understanding the numerous 
potential implications of climate change. The third type of chance is reflected in the 
non-stationary nature of climate change (Milly, Betancourt, Falkenmark, Hirsch, 
Kundzewicz, Lettenmaier, and Stouffer 2008).  
 
This characteristic compounds uncertainties at every level, from global projections, 
through to every kind of prediction, modelling and the construction of climate scenarios. 
A non-stationary system is one where the functioning of the system changes over time. 
This may be revealed in a changing distribution of outcomes and/or associated 
likelihoods over time. In non-stationary systems some previously improbable outcomes 
start to become more likely, while other previously common outcomes become 
increasingly unlikely. Non-stationarity introduces particularly severe problems for 
statistical forecasting because standard modelling techniques strictly assume a form of 
stationarity (i.e. a constant mean and variance). It has been demonstrated that a 
violation of these assumptions can create highly spurious statistical results (Granger 
and Newbold 1974; Granger 1981).  

 

3.1.2 Behavioural economics and heuristics  
At the outset of this section, we should note that the term ‘risk’ is used in the 
behavioural economics literature in the Knightian tradition identified abovethat is, risk 
as denoting any situation where the ex ante outcomes are stochastic, without the 
explicit focus on chance of harm that we are employing elsewhere in this reportand 
in this section we conform to the behavioural economics norm. The treatment of risk as 
Knightian in behavioural economics is not merely linguisticbehavioural economics 
has in fact a lot to say about how people behave under Knightian risk, and relatively 
little to say about behaviour under uncertainty, gross ignorance, and unknown 
unknowns. 

3.1.2.1 Risk attitudes 
Risk attitudes are an important influence on decision making. When considering 
decision problems involving climate change we should consider the influence our 
personal attitudes to risk. To understand the relationship between risk attitudes and 
decisions, we must first note that the diminishing marginal utility of money implies a 
concave utility function. This diminishing marginal utility reflects the everyday 
phenomena that the first thousand dollars of income provides more value (utility) to a 
person than their one hundredth thousand. This concavity also explains risk aversion. 
When a utility function is concave, the expected utility of an uncertain prospect, i.e. the 
weighted average utility of the outcomes, will always be less that the utility of the 
average outcome for sure. Better known as Expected Utility Theory (von Neumann and 
Morgenstern 1944; Pratt 1964), it is the theory that underpins the concept of risk 
preferences in Economics. Expected Utility theory was originally motivated by the 
desire to explain the St Petersburg Paradox (Bernoulli 1738). The St Petersburg 
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Paradox demonstrates that people do not use average payoffs in their decision making 
but instead value risky prospects much less than their expected payoff. 
 
Lottery experiments (see for example Camerer 1989; Hey and Orme 1994; Holt and 
Laury 2002), where individuals are given a series of choices between lotteries involving 
real money and an amount for sure, have shown that individuals typically have a 
preference for avoiding risks (risk aversion). While a few individuals are found to tend 
towards risk neutrality, risk loving preferences are rarely observed in lottery 
experiments (Harrison and Rutström 2008). Similar levels of risk aversion have been 
found in natural world studies. Binswanger’s (1980) field study in rural India showed 
that farmers exhibited a significant amount of risk aversion that increased as payoffs 
increased. Similarly, Harrison, List and Towe. (2007) find significant risk aversion in a 
study using the trade of rare coins in a natural world setting.  
 
Risk adverse preferences may be inappropriate for individuals assigned to make public 
investment decisions, because risk adverse decisions for individual projects within a 
large and diversified public sector portfolios are sub-optimal: such organisations should 
be risk neutral (Arrow 1965; Arrow and Lind 1970). The law or large numbers (Hsu and 
Robbins 1947) states that the frequency of the outcomes of draws from a distribution 
that is uncertain to the actor converges to the true probability as the number of trials 
approaches infinity. The risk therefore reduces as the number of trials increases. An 
individual may only experience one or two major investment events in their lifetime and 
such events may involve serious risk, whereas a government may be involved in 
thousands of investments in one year alone effectively achieving certainty equivalence 
through aggregation.  
 
The contention that government should be risk-neutral seems sound in the case of a 
large and diversified portfolio of public investments, but is much more controversial 
(and appropriately so) when its decisions concern human health and safety for 
example. People are conscious that they have but one life to live. They tend to be quite 
risk averse regarding their own health and safety, and many of them expect 
governments to be risk averse in these areas on their behalf. 

3.1.2.2 Decision biases 
People are faced with many choices everyday involving conflicting objectives and 
uncertainties. Because the complex calculus required in identifying the optimal decision 
is not feasible in day to day decisions, decision making tends to resort to shortcuts 
called ‘heuristics’ (Tversky and Kahneman 1974). For example, a simple heuristic 
might be: to keep safe in the city, avoid approaching people with tattoos. The problem 
is that while this may prove a good rule of thumb when on the street late at night, it can 
lead to large decision errors and unfounded discrimination in other domains, such as 
for example, the job market.  
 
Heuristics can lead to several well-known decision biases. The way a decision is 
framed can bias a decision maker’s choice. These framing effects are powerful forces 
that influence choice behaviour and are exploited by marketeers. These effects are 
illustrated by the famous Disease Dilemma (Tversky and Kahneman 1981). When 
individuals are given a decision problem involving an unusual disease that is expected 
to kill 600 people, and asked to decide between two imperfect treatments, the chosen 
treatment is reversed depending on whether the treatments are framed as saving 200 
lives for sure or having 400 people die for sure. This preference reversal occurs even 
though the outcomes are arithmetically identical in each frame.  
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Another well-known decision bias is loss aversion (Kahneman and Tversky 1979) for 
which Kahneman was later awarded the Nobel Prize in Economics for his work. 
Kahneman and Tversky (1979) showed through a series of economic experiments that 
people tend to weight losses much higher than they weight gains when making 
decisions involving uncertain events. People prefer to avoid losses as much as they 
can, sometimes to their determent.  
 
A decision bias that is particularly prevalent in decisions involving uncertainty is what 
has been called ‘the law of small numbers’. That is, people are inclined to 
overemphasise the impact of unlikely occurrences (Quiggin 1993; Prelec 1998; Tversky 
and Kahneman 1992). There is a tendency to overweight very small probabilities and 
underweight larger ones. Some commentators argue that this bias leads individuals to 
accept too many big risks while avoiding too many small risks. We would argue that the 
logic of this position is incomplete until one considers not only the stochasticity of ex 
ante outcomes but also the magnitude of potential harm: when the unlikely outcome 
involves great harm, it is not quite so clear that avoiding exposure is the wrong 
decision. Some evolutionary theorists have speculated that these decision biases are 
hard-wired within us because they had evolutionary advantages: people with a healthy 
fear of the unfamiliar survived to raise more offspring (Levy 2010). 
 
Uncertainties more broadly defined also affect attitudes and willingness to take action. 
For example, extreme uncertainty may induce passivity and fatalism in people. 
Research has shown that greater uncertainty about climate change predictions is 
associated with decreased intentions to take action when impacts are framed 
negatively (i.e. as losses), but with stronger intentions to act when impacts are framed 
positively, i.e. as gains from action (Morton, Rabinovich, Marshall & Bretschneider 
2011). 
 
These are only a few of the many identified biases in human decision making. It seems 
that these decision biases are strongly ingrained in our psychology to the extent that 
we often do not realise when our decisions are biased. Where these heuristics once 
conferred an evolutionary advantage for making decisions over life and death, they are 
ineffective and potentially misleading for the sorts of problems presented by climate 
change. Application of formal decision processes using objective measures of 
outcomes and probabilities may help to circumvent these biases. Along these lines we 
develop below the idea of two decision meta-frameworks which can be used to 
structure decision making under climate uncertainty. 

3.1.2.3 Emerging research 
The previous section discussed the seminal ideas around decision biases and their 
implications for decision making under climate uncertainty. This section discusses 
some emerging literature in the behavioural sciences that can be applied to climate 
change problems to develop new and innovative approaches to risk and uncertainty 
with regard to climate change.  
 
The phenomenon of projection bias, for instance, occurs when individuals project their 
current state (for example hunger) into the future. If an individual is hungry they may 
project their feeling of hunger into future consumption decisions, resulting in buying too 
much food while shopping. This projection leads to a mis-prediction of their utility 
(Loewenstein, O’Donohue and Rabin 2003). Evidence of projection bias has been 
observed in food choices, catalogue subscriptions, medical choices and in financial risk 
tolerance (Grable, Lytton and O’Neill 2004). Although projection bias has not explicitly 
been examined in a climate change context, it is likely to be pervasive in environmental 
planning decisions. To illustrate, imagine that a flood occurs just before decision 
makers develop a long term strategy for flood prevention. Decision makers may project 
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their current anxious state about flooding into future decisions about flood management 
over-amplifying the need for prevention. Similarly, if the decision is made when there is 
no recent memory of any floods, decision makers may project their feeling of safety into 
the future, under-predicting the need for prevention.  
 
Another of these is decision fatigue, where too much choice can overwhelm a decision 
maker, rendering them unable to make any choice at all. Benartzi and Thaler (2007), 
describe a field study where providing employees with more investment options in their 
retirement savings plans, led to less participation in the 401(k) plan. Employees in the 
study preferred not to participate at all than to decide between more than ten 
investment options. This has important implications for making decisions under climate 
change uncertainty. When the scope of climate change decisions are broad, decision 
makers can be overwhelmed by the number of decisions to be considered. As a result, 
decisions may never be made leading to a sub-optimal response to climate change. 
Further, if the responsibility of making all the decisions rests with only a few people, 
they may quickly become fatigued due to the frequency of decisions they must 
consider. Reducing the scope of the climate change decision problem and widening the 
decision base through the use of delegated committees are some strategies available 
to protect against decision fatigue.  
 
However, reducing the scope of a decision too much can lead to decision neglect. This 
is a circumstance where individuals may incompletely contextualise a decision by 
making a choice in isolation of other choices. It has been observed that people often 
fail to appropriately contextualise when it would be better for them to have done so 
(Read, Loewenstein and Rabin 1999). When decision makers fail to put their attention 
on all the possibilities of their decision set, they under-extract information from the 
world. Appropriately contextualising decisions is key for decision makers to expand 
their awareness of all the potential states and outcomes both now and into the distant 
future, which can be particularly useful for problems in the presence of unknown-
unknowns. Strategies discussed by Polasky, Carpenter, Folke, Keeler (2011) such as 
threshold approaches, scenario planning and resilient thinking can help decision 
makers to contextualise, raising their awareness of all the potential possibilities that 
exist.  

3.2 Two decision meta-frameworks for public decisions  
under uncertainty 

An ideal decision framework for climate change adaptation is one that is effective, 
efficient, equitable, and legitimate (Adger et al. 2005). An effective framework is one 
that achieves specific objectives, but also avoids unintended consequences or 
perverse outcomes, and therefore assessing effectiveness needs to take the 
uncertainties in links between actions and outcomes into account.  
 
An efficient decision framework leads to decisions with greater benefits than costs and 
requires consideration of market and non-market values, the values associated with the 
timing of adaptation actions and the distribution of costs and benefits.  
 
An equitable decision framework pays attention to public and private interests, and 
particularly vulnerable groups. Here, decisions may be weighted or constrained by 
ethical considerations, such as concern for future generations and the responsibility for 
decisions and impacts (see also Fischlin, Midgley, Price, Leemans, Gopal, Turley, 
Rounsevell, Dube, Tarazona and Velichko 2007, p. 248). 
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A legitimate tool in political terms has the approval of those people who are affected by 
the decision. Any decision requires trade-offs and the legitimacy of a decision support 
tool will help manage potential conflicts over the resulting distribution of costs and 
benefits. 
 
Although many alternative descriptions of the decision making process have been 
developed for different kinds of decision making problem, these descriptions generally 
share common elements, including problem formulation, construction of alternatives, 
comparison of alternatives, application of decision criteria, and implementation and 
evaluation. This section continues with a discussion of two decision meta-frameworks, 
Cost-Benefit Analysis (CBA) and Adaptive Management (AM)these are posed as 
meta-frameworks because they provide platforms for whole families of specialised 
decision tools that share common key elements. 

3.2.1.1 Cost-benefit analysis 
Cost-benefit analysis (CBA) is a decision meta-framework that captures the notion that 
actions taken should yield a net benefit (i.e. benefits exceed costs). In Knightian risk 
situations, the idea is that a risk neutral decision maker would undertake actions that 
yield an expected net benefit. With uncertainty and/or risk aversion, the criterion would 
be an expected net gain in utility. We conceptualise CBA as a meta-framework 
because its fundamental premisethat a series of actions that yield ex ante net 
benefits should result in a net gaincan be implemented at a wide range of levels of 
formality and sophistication, from informal best guesses to highly structured 
applications addressing risk and uncertainty in explicit and formal ways. 
 
In its most basic formalisation, CBA seeks to compare all the benefits and costs of a 
course of action, typically commitment to a public project, program, or policy (Layard 
and Glaister 2003; Boardman, Greenberg, Vining and Weimer 2006; Mishan and Quah 
2007). The general idea of a CBA is very simple; if the total costs exceed the total 
benefits then the proposed option should not be taken. CBAs can also be used to 
decide between several different options with net positive benefits. In this situation CBA 
prescribes choosing the option with the highest net benefit. Some examples of the 
applications of CBAs include proposals for railways, water supply, healthcare 
resourcing, environmental regulations and the deregulation of airlines (Abelson 2011).  
 
Although the concept underlying CBA is simple, the monetary valuations of benefits 
and costs required for a CBA can be somewhat more difficult. The conceptual 
measures of value are willingness to pay (WTP) for increments in quantity and/or 
quality of goods and services, and willingness to sell or accept compensation (WTA) for 
decrements. For market goods, WTP and WTA converge to the market price in the 
case of marginal changes in quantities, and to changes in economic surplus for non-
marginal quantity changes. However the monetary valuation of non-market costs and 
benefits is more challenging. While a considerable variety of techniques are used in 
various contexts, the main methods can be categorised as stated preference (SP) 
methods including the travel cost method of valuing access to recreation sites and 
hedonic analysis of wages and/or housing rents, and revealed preference (RP) 
methods including contingent valuation surveys (Carson, Wilks and Imber 1994) and 
choice experiments designed to elicit either choices that reveal WTP or direct 
expressions of WTP (Louviere, Hensher and Swait 2000). A very substantial literature 
documents the advantages and disadvantages of these various methods. SP methods, 
especially, remain a very active research area, including theoretical evaluation of 
incentives for truthful revelation of value (Samuelson 1954), and experimental testing of 
SP methods (List and Gallet 2001), to cite seminal papers. 
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Social welfare and equity concerns can be considered within the CBA framework. For 
example, valuations of costs and benefits can be scaled using weighting functions to 
incorporate the priority of specific welfare objectives.  
 
An important feature of the CBA framework is the calculation of net present values 
(NPV) and the choice of a discount rate. Costs and benefits are calculated over a 
specified time horizon. For apples-to-apples comparisons, benefits and costs incurred 
in various future years are:  
 

1. deflated to constant dollar values at a specified base year, and then  
2. discounted to present value using a particular discount rate. Determining an 

appropriate discount rate is a critical issue in CBA. The choice of discount rate 
may determine not only whether a project is acceptable but also the ranking of 
acceptable projects.  

At the theoretical level, there are two distinct motivations for discounting:  
 

1. capital is scarce and productive, and; 
2. public investments should not divert capital from more productive uses; and 

people exhibit positive time preference (i.e. they prefer gratification sooner than 
later) in at least some contexts.  

For ordinary public investments of modest size relative to capital markets in aggregate, 
these considerations converge and a rule of thumb is to use a risk-free discount rate of 
around five percent for public projects (Abelson 2011). For decisions with long-term 
consequences, as is the case with climate mitigation, there is disagreement among 
specialists (Stern 2006; Nordhaus 2007), some sticking with the five percent rate while 
others argue for much lower rates citing two reasons:  

1. in the long term (and especially for global concerns like climate change) costs 
and benefits are non-marginal, and therefore the productivity of capital 
converges toward the long-run rate of growth in economic welfare (perhaps 
around two percent); and,  

2. utility discounting is inappropriate for long-term decisions, for several reasons:  

o it lacks moral justification (Ashiem 2012);  

o uncertainty regarding future discount rates justifies use of lower rates 
(Weitzman 1998, 2001); and;  

o empirical evidence (e.g. Laibson 1997) suggests that people discount 
utility at lower rates as the time horizon lengthens. 

Treatment of uncertainties in CBA. Because CBA requires comparing multi-year 
streams of benefits and costs, in the absence of clairvoyance, risk and uncertainty 
typically attend the benefit and cost estimates. Since the 1950s, risk and uncertainty 
have been incorporated into CBA in a variety of ways.  

• A risk-neutral decision maker will treat the expected value of benefits and costs 
as certainty-equivalent. Applications based on this principle invest a good deal 
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of effort in assessing outcome sets and calculating expected values of 
outcomes.  

• With risk-aversion, attention turns to the expected utility (rather than expected 
value) of benefit and cost streams. WTP is now explicitly for uncertain 
prospects, rather than for certainty-equivalent prospects as immediately above, 
and concepts of options price and option value come into play. 

 
A different perspective on option value was provided by Arrow and Fisher (1974) and 
Henry (1974), who defined quasi-option value as the value of the opportunity to defer a 
decision given that new information resolving (some of) the uncertainty may emerge in 
the interim. 
 
Real options theory (Dixit and Pindyck 1994; Pindyck 2007) generalised the value of 
keeping options openthe value of waiting, including the value of any learning that 
may occur while we wait. The value of an uncertain stream of benefits and costs is now 
conceptualised as the value of the relevant real option.  
 
The bottom line is that the whole apparatus of utilitarian analysis of risk and uncertainty 
is available to CBA and is implemented in the most sophisticated applications thereof.  
CBA is considered a meta-framework because the basic ideathat an evaluative tool 
that repeatedly selects plans that do more good than harm will tend to make us better-
offhas obvious appeal and can be implemented informally (I make my best guesses 
about benefits and costs and go with my instincts) and formally at many levels from 
simplified and certainty-equivalent to the most sophisticated real options applications.  

3.2.1.2 Examples of the CBA approach  
A number of catchment management organisations within Australia use a simplified 
CBA approach to investment decisions through the use of the proprietary software 
called Investment Framework For Environmental Resources (INFER) (Marsh, Curatolo, 
Pannell, Park and Roberts 2010). Users are guided through a series of on-screen steps 
where they enter the costs, benefits and effectiveness of a particular investment 
proposal into computer fields when prompted. The program then calculates the cost 
benefit ratio of each project and can be used to compare and prioritise different 
projects. 
 
Another example of how CBA has been applied to decisions involving climate change 
is the CBA of Mary River wetlands salinity mitigation (Commonwealth of Australia 
2004). The analysis was commissioned by the Northern Territory Government to 
evaluate the costs and benefits of options to prevent salt water entering the 
environmentally sensitive Mary River Wetlands in the Northern Territory. The study 
used sea-level projections from CSIRO and demonstrated the use of the CBA 
framework to assess options to adapt to greenhouse induced sea-level rise. 
At the other end of the spectrum, the celebrated Stern-Nordhaus debates about climate 
mitigation policy hinged on differences concerning the details of some very 
sophisticated applications of CBA at the global level under uncertainty (Stern 2006; 
Nordhaus 2007).  

3.2.1.3 Adaptive management 
Adaptive Management (AM) (Holling 1978; Walters 1986) is a process developed for 
the management of environmental resources. The key insight underlying AM is that we 
frequently encounter circumstances in which we do not know enough to map-out a 
defined path of actions that will assure an optimal outcome. We do not know enough 
about the problem, the influences that drive it, the array of possible solutions, and how 
each will work. Especially, we do not know enough about what new challenges, 
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uncertainties, and ‘unknown unknowns’ the future might throw at us. AM is about 
feeling our way in the dark, and learning by doing. Learning may be passiveif future 
events will reveal some things that we are presently uncertain about, we can learn 
merely by waiting. Or it may be activewe can include an element of experimentation 
in our AM strategy, purposefully, to enable learning about how the system works and 
how it responds to actions we take (Holling 1978). The AM approach responds to 
changes in the environment with changes to the management approach. Whereas CBA 
might prescribe a single solution that requires a commitment to that particular solution 
over time, AM prescribes a solution that changes and evolves over time as new 
information becomes available (Christensen, Bartuska, Brown, Carpenter, D’Antonio, 
Francis, Franklin, MacMahon, Noss, Parsons, Peterson, Turner and Woodmansee 
1996).  
AM is relatively unstructured, as opposed to CBA, which has a tendency to respond to 
new challenges by adding yet more structure. Its core feature is monitoring and 
assessment, which is repeated again and again. This provides an opportunity for the 
manager to adjust the plan in light of what has been learned in the round just 
completed, and in response to whatever new signals nature sends in the interim since 
the last plan was implemented (Randall 2011). 
 
The contrast between CBA and AM mirrors the contrast between reductive and 
complex-systems approaches more generally. CBA (the reductive approach) has more 
structure in almost every respect, and that structure feeds our sense of knowing more 
than we probably do, and thus encourages us to plan (perhaps even to optimise) for 
the most likely future. AM recognises the complexity of the systems we are trying to 
manage, and the implications of that complexity. It encourages us to promote resilience 
in systems and adaptivity in our solutions. A solution that works passably well in a wide 
range of conditions is likely to be preferred to a strategy that optimises in the scenario 
thought most likely but misses the mark rather badly if conditions turn out differently. 
AM can be considered a meta-framework, too, because it can be done more or less 
formally (Stankey, Clark and Bormann 2005); to the extent that AM approaches can be 
structured, different structures can be accommodated; and it has the capacity to 
incorporate new findings from the on-going research program in complex systems. 

3.2.1.4 Examples of the AM approach 
One of the earliest examples of an AM was in the Kruger National Park, South Africa, 
where increasing sediment loads threatened biodiversity. In the 1990s an AM approach 
was introduced that involved the development of thresholds of potential concern based 
on ranges of various physical and biological variables. These specific indicators were 
able to support the monitoring and assessment of ecosystem condition to achieve 
specific goals and an increased understanding of the ecosystem (Rogers and Biggs 
1999). 
 
The Thames Estuary 2100 project is an example of how AM was used to manage flood 
risk in London, United Kingdom (Reeder and Ranger 2011). Their approach however 
differed from the traditional approach to adaption planning. Traditionally, the process 
begins with assessing and interpreting the impacts of climate science projections and 
then designing adaption and monitoring options to address the impacts. In this project 
the process was reversed, with the process starting at the adaption problem itself. The 
current need to protect people from flooding was then evaluated before the future 
sensitivities to climate change and other risks were mapped. This ‘context-first’ 
approach had the advantage of avoiding appraisals that involved inflated uncertainties 
due to the amalgamation of unknowns in climate science data. Their context-first 
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approach resulted in a plan that staggered a combination of measures that allows them 
the flexibility to cope with a range of future sea level rises.  
 
In 2011, The U.S. Climate Change Adaptation Plan (White and Arnold 2011) was 
developed by the United States Army Corps of Engineers (USACE) for the President’s 
Council on Environmental Quality according to the AM process. Their phased approach 
allows them to begin adaption in the areas where the uncertainties are lower. It also 
allows them to change their plans in response to ongoing evaluations and new 
information.  
 
End-user participants of the 24 May master-class on climate change uncertainty at the 
University of Sydney commented that they used AM in their organisation less for 
purposeful learning and more for increasing the lead time on decisions and to build the 
resilience of the environment. 

3.3 Formal decision tools 
Decision analysis is a prescriptive method to help people make better decisions 
(Keeney and Raiffa 1976). Good decision making does not always yield the best 
outcomes because bad decision making can still yield lucky outcomes. However, good 
decision making will yield better outcomes than bad decision making on average when 
used consistently. The tools mentioned here are from a review of the standard decision 
analysis techniques (Keeney 1993; Clemens and Reilly 2001; Belton and Stewart 
2002) and can be used to help decision makers identify, model and analyse a decision 
problem within a chosen decision making framework. In the literature these tools are 
seen as complementary rather than rivalrous. Practitioners typically apply all of the 
tools available to them within the chosen framework, as opposed to choosing one over 
another. 
 

3.3.1 Decomposing the problem: objective hierarchies and  
influence diagrams 

The first step in any decision process is to try to identify the four elements of the 
decision: 
 

1. Values and objectives 
2. Decisions to be made 
3. Uncertainties 
4. Consequences (outcomes) 

People can make irrational decisions when they include irrelevant objectives into the 
decision problem. Those with vested interests can also use irrelevant and means 
objectives as way to hijack a decision process. One tool that can be used to avoid this 
is to draw an objective hierarchy that distinguishes between the fundamental and 
means objectives of the decision problem. Means objectives are objectives that are 
important because they help achieve other objectives. Fundamental objectives are 
important because they reflect what the decision makers really want to accomplish (the 
higher objective). In general, only fundamental objectives should be used in the 
decision process.  
 
To help distinguish between fundamental and means objectives, it useful to first list all 
of the objectives one can think of then test each one against the question: ‘why is this 
objective important?’. If the answer is that it is important because it helps me 
accomplish ‘x’ then it is a means objective. If the answer is that it is important because 
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it is just because it is important to the organisation (for example it is in the 
organisation’s mission statement) then it is likely to be a fundamental objective (See 
Figure 1). Defining the fundamental and means objectives early in the decision process 
not only focuses the decision makers to the task at hand, but also provides a robust 
process to protect against decision hijacking by individuals whose interests may be in 
conflict with the group’s fundamental objective.  
 

 

 

 

 

 

 
 
Figure 1. An example of a fundamental objective hierarchy 
Once the fundamental objectives have been identified, an influence diagram (Bodily 
1985; Howard and Matheson 2005; Shachter 1986) can be used to identify all the other 
elements of the decision problem. Influence diagrams provide a simple representation 
of the decision problem. They are non-dynamic and provide a snapshot of the decision 
situation. The four shapes used in an influence diagram are called ‘nodes’. Rectangles 
are used to represent decisions that the decisions makers have influence over. It is 
important to only identify decisions that the decision makers have influence over, and 
ignore decisions which are outside the scope of the problem. Uncertain events are 
denoted by ovals and consequences are represented by diamonds. Intermediate 
consequences can be represented by a rounded rectangle.  

Influence diagrams are a useful tool to identify every aspect of the problem and also 
helps exclude elements that are not relevant to the problem. An example of a very 
simple decision diagram on whether to invest or not is illustrated in Figure 2. 
 

 

 

 

 

 

 

 

 

Figure 2. An example influence diagram on the decision on whether to invest  
|or not 
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3.3.2 Consultation: a protocol tool 
Consultation is a tool that can be used within the CBA framework to get expert advice 
on the probability of an uncertain events occurring and is also be used within the AM 
framework to learn more about the system and develop shared responsibility.  
No matter which framework it is used for, a protocol for consultation is a useful tool for 
decision makers to ensure that consultative process is documented and can be justified 
under scrutiny. Merkhofer (1987) suggests decision makers follow these six steps: 

• Do background researchthis involves identifying variables for which 
consultation is needed, objectives of the stakeholders and relevant literature to 
the problem. 

• Identify and recruit consultants/respondentsselection should be justified by 
qualifications, professional referrals and or recommendations 

• Motivate consultants /respondentsexperts will be reluctant to provide 
probability assessments and opinions on sensitive issues. It is important to 
establish a rapport with experts and respondents so they can openly give you 
their assessments.  

• Structure and decompose of the problemdevelop a general model (for 
example, using an influence diagram) exploring the relationships between 
variables. 

• Assess and verifyassessments should be checked against known facts, and if 
the assessment involves probability, then it should be checked against the laws 
of probability. Experts should provide detailed chains of reasoning for the 
assessment provided. 

• Aggregation of assessmentsif there are multiple assessments and respondents 
then you can either ask experts to generate a consensus assessment or you can 
average the assessments (or probability distributions) using weights. 

3.3.3 Monitoring and evaluation: scorecards 

Scorecards can be used to structure environmental monitoring and evaluation (Stem, 
Margoluis, Salafsky and Brown 2005). Scorecards rank different elements of 
environmental resilience. They are usually freely available from conservation agencies 
and provide an easy and relatively inexpensive avenue to monitor and evaluate 
progress over time. A conservation scorecard developed by The Nature Conservancy 
called the Site Consolidation Scorecard (TNC 1999) is available online at: 
http://www.parksinperil.org 
 

3.3.4 Decision trees and simulation 
Decision trees were one of the earliest decision tools developed and have been in use 
since the 1960s (Holloway 1979; Raiffa 1968; Clemens and Reilly 2001; Hertzler 
2007). Decision trees provide a useful way of structuring our thinking about decision 
problems. They identify decision nodes and show how particular decisions at specific 
nodes may preclude certain options thereafter. They diagram a logical sequence of 
decisions and uncertain events moving from the left hand side of the tree to the right 
hand side of the tree. Outcome branches are drawn from decision nodes and a 
decision maker can only choose one option from a decision node. Decisions are 
denoted by rectangles and uncertain events are denoted by circles. All of this is helpful, 
even in the absence of quantification that would lead us to particular conclusions. 
Now suppose that each option at each node can be characterised with outcome values 
and probabilities (as might be case when we are dealing with chance due to random 

http://www.parksinperil.org/
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variation). Then, decision trees can be used to find the decision that will give the best 
outcome in expected value terms. The option yielding the greatest expected value can 
then be identified for decision making purposes. This is a powerful tool but requires 
information on the monetary value of all the potential payoffs, and the estimated 
probability of each outcome. In the absence of such information, the decision tree 
cannot be quantified and optimal decisions cannot be identified, but the process of 
constructing the tree is still helpful in structuring the analyst’s thinking. 
If the outcomes of an uncertain event are continuous, then the branches can be 
replaced with a continuous distribution (Figure 3). The expected distribution of each 
option can then be found using computer simulations such as those produced by 
Palisade Risk Analysis™ software. 

 

 
Figure 3. A decision tree for simulation 
 

3.4 Time matterstime and timing in decision problems under 
uncertainty 

Time is important in decision making, playing both an economic and psychological role. 
Important considerations include the time available to make a decision (Kasperson 
2008) and the longevity of a decision to commit to an action (Ariely and Zakay 2001). 
Drawing a timeline over events is a useful tool that can help clarify whether it might be 
better to delay the decision process. This involves drawing a line with dates marking 
the time from the present to when the final outcome is likely to be realised. Then dates 
where more information is likely to be available can be added to the line as well as cut-
off dates for which an intervention will no longer change the outcome. This can provide 
decision makers with more insight into the lead time required for different decisions and 
the benefits, if any, in delaying it.  
 
Now we illustrate these considerations in the case of a local fire brigade or fire planner. 
They can likely decide when to purchase a new fire engine without much consideration 
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of climate projections, but climate projections may well play into decisions about 
requiring fire-resistant materials in construction of new buildings designed to last more 
than 50 years. Figure 4 presents a diagram which captures this role of time in the 
decision process. This may represent a coastal council planner involved in making 
decisions about permitting long-lived public and private infrastructure on land within a 
metre or two of sea level. If the time-frame for decision is flexible, it may be optimal to 
delay major commitments (perhaps even filling the gap with short-term fixes) while 
gathering information likely to reduce the uncertainties about longer-term conditions. 
The time-frame for decisions also may influence decision maker behaviourunder 
pressure, decision makers may respond to uncertainties by relying on intuition and 
heuristics which are associated with some systematic decision biases and can lead to 
suboptimal decision making.  

 
 

 
Figure 4. Role of time in decision making 
As discussed above, structured decision frameworks provide an approach to overcome 
these problems. Thinking about the CBA and AM meta-frameworks provides some 
clues about their appropriateness in a variety of circumstances. Broadly speaking AM 
type approaches require time to allow investigation of the uncertainties and for multiple 
iterations of the problem before commitment to action. CBA type frameworks can 
gather all the known costs, benefits and uncertainties and make a recommendation for 
an action without having to wait for more information. Therefore, we could say that 
decision problems which are characterised by the need to make a decision within a 
limited timeframe are better dealt with by those CBA type frameworks. For example, if 
there is a bushfire burning today and there is some risk to public and/or private assets, 
then we don’t possess the luxury of time to gather additional information about the 
workings of the system. A commitment to action must be made now and cost-benefit 
style frameworks can perform this role based on costs, benefits and uncertainties 
known now. 
 
Uncertainties interact with the time characteristics of the problem too and may impact 
on the appropriateness of the decision framework. Figure 5 presents a diagram which 
captures the same situation as Figure 4, in the presence of uncertainties about the 
timing of the impacts. In the best case, the uncertainties will realise in such a way that 
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no commitment to action is necessary; at worst it is already too late. Situations such as 
these build the case for hybrid decision frameworksact now with known information 
and be prepared to update actions as uncertainties are resolved through research.  
 
These time and timing issues have implications for cost, including the direct monetary 
cost of the proposed action, the cost of reversing the action if it found to be have been 
wrong and the cost of subsequent or complementary actions. For instance, some 
decisions could be concerned with one costly commitment to build some piece of 
infrastructure that could last for 50 or more years, others may be with smaller but 
regular commitments made every five years and may be reversed or abandoned at any 
time. For decision making these sorts of problems are quite different. Consider the 
case of a coastal planner thinking about committing to build a costly and long-lived sea 
wall in Figure 4, that is, without uncertainty. Within a known time period the sea wall will 
be needed, the costs and benefits can be identified and the decision to commit should 
be relatively easy to justify or reject. The presence of uncertainties, such as in Figure 5, 
makes the decision to commit to costly action harder. There is a chance the sea wall 
may not be needed and the cost will have been borne for no benefit. The decision 
maker’s task is to trade off the cost of the commitment in light of the full range of 
expected conditionsan expected value criterion may be applied.  

 

 
Figure 5. Role of timing in decision making under uncertainty 
The decision problem becomes different when the planner has the option to stage the 
commitments (and associated costs) to action. The situation represented in Figure 4 
would likely not change given the option to stage actions, the situation in Figure 5 
would change dramatically. The ability to stage actions provides flexibility to respond to 
initially uncertain conditions. The coastal planner may choose to commit to a lower cost 
‘band-aid’ action which provides some additional time to resolve some of the 
uncertainties about the nature and magnitude of the sea-level rise. At some point, the 
planner should have sufficient information to be able to commit to a course of action 
with more certainty. This could involve the costly commitment to a sea wall, or a 
commitment to continue with lower cost solutions indefinitely, pending still more 
information in an AM style approach. 
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3.5 Precautionary measures 
In recent decades, the Precautionary Principle (PP) (Raffensperger and Tichner 1999; 
Dickson 1999) has been taken seriously by many national, state, and local 
governments and by international bodies. The PP calls for pre-emptive action to 
prevent uncertain but potentially harmful consequences, and it has been criticised as 
privileging irrational fears to the detriment of innovation and prosperity. Randall (2011) 
has argued that the benefits of precaution can be realised at reasonable cost by 
reserving PP for cases that present credible scientific evidence of disproportionate 
threat.  

Faced with extraordinary risk, uncertainty, and/or gross ignorance about future 
consequences, we can stay the course and attend later to harmful outcomes in the 
cases where they occur, or we can try to get ahead of the game by taking precautions 
before the potential for harm has been established. If we prohibited every activity that 
introduced a plausible threat of harm, it seems likely that we would bear a substantial 
cost in terms of benefits foregone. Cast in these terms, the dilemma is cleara 
continuing sequence of occasional disasters on the one hand versus systematic 
economic repression on the other. But perhaps the choice does not have to be so grim. 
If precaution can be focused on the cases that present extraordinary risk, and can be 
implemented iteratively to encourage learning and reassessment and to provide 
sequential decision points, then precaution would be less intrusive and costly while still 
providing substantial protection from harm.  

The previous section has highlighted the value of learning that occurs while decisions 
involving commitments that are costly to reverse are delayed. But that kind of learning 
is essentially passivethe system reveals some things about itself while we wait. 
Randall’s discussion of the PP points toward structured active learning processes that 
focus in on serious threats while minimising economic disruption.  

Consider a proposed innovation that presents, along with expected benefits, a 
possibility of serious harm. Beginning with screening, and testing under laboratory 
conditions, the innovation goes through a stepwise pre-release testing process with 
monitoring, study, reassessment of the threat and the remedy, and adjustments in 
remedy as warranted by emerging evidence, at every stepa process that may be 
iterated perhaps many times (Figure 6).  

 
Figure 6. Stylised screening, pre-release testing, post-release surveillance (STS) 
process3 steps of pre-release testing, PRT, are illustrated  
Source: Randall (2011), p. 220. 
Each step ends with a decision selecting one of three options: proceed to general 
release, continue to the next step in the testing process, or terminate testing and 
prohibit general release.  
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The termination decision is made only when the evidence suggests unacceptable risks 
in the next step. For risks thought acceptable, research should focus also on risk 
management, mitigation, and adaptation. Should evidence of unacceptable risk fail to 
arise during screening and pre-release testing, general release may be undertaken 
with much more assurance than if we had simply rolled the dice at the outset.  
 
In STS, release would be followed by a program of post-release follow-up research to 
check for unexpected harmful consequencespossible but less likely now, because 
extensive pre-release testing should have revealed and eliminated the more likely 
harmful possibilities. Post-release research should focus also on methods of 
remediating any damage discovered. If all goes well, step by step through the STS 
process, general release is not prohibited indefinitely but delayed just long enough to 
enable screening and any pre-release testing indicated; precautionary 
accommodations may turn out to be temporary; and levels of self-protection may be 
adjusted as more is learned.  
 

Precaution is directed toward those innovations that present unusual threats, and is 
therefore a lesser impediment to innovation in general.  
 
In the case of a proposed innovation, we have illustrated a program of structured active 
learning and argued that it provides substantially improved protection against 
disastrous outcomes at relatively modest cost in terms of benefits foregone. The case 
presented, a proposed innovation that can be confined to the laboratory in the early 
stages of testing, is ideal for structured active learning about the potential for uncertain 
harm. 
 
Climate change adaptation is likely to pose a different kind of challengewe are more 
inclined to think of the relevant big risks as coming from climate change itself than from 
innovative adaptations to climate change. Nevertheless, the idea of structured active 
learning could be incorporated readily into adaptive management, it seems, substituting 
experimentation on a small scale for testing in confinement. This is clearly an area for 
further research. 

3.6 Contextualising the review: a survey, workshop and  
master-class 

Having examined the literature relevant to decision making under uncertainty, we now 
present the results of three activities which seek to expose the decision making needs 
of the end-users of climate science. These are: a survey of providers and end-users of 
climate science; a learning workshop involving both providers and end-users of climate 
science; and a master-class for end-users of climate science on decision making under 
uncertainty. These activities are not exhaustive in their efforts and should not be 
viewed as such. Instead, they should be viewed as activities which seek to 
contextualise the findings of the literature review and provide some guidance as we 
develop keystone outputs. These are the Practitioner’s Handbook for Making Decisions 
under Climate Uncertainty and a Web-Based Decision Support Tool  
(www.adaptation-decisions.com).  

 
  

http://www.adaptation-decisions.com/
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3.6.1 A survey of providers and end-users of climate science  
A survey of the producers and end-users of climate information in adaptation decision 
making was used to find out about the areas of adaptation decision making of concern 
to end-users, the types of information and uncertainty of concern to end-users, and the 
use of decision support tools and frameworks.  
 
There were 148 people who answered the survey as end-users and 59 as producers of 
information. This survey was produced in collaboration with the University of Newcastle 
team through the web based Survey Monkey™. Potential respondents were targeted in 
Australian climate research organisations (i.e. universities, CSIRO), government 
agencies (local, state and commonwealth) and private industry groups (i.e. agriculture, 
health). Please note that not all respondents answered all questions and that some 
questions allowed more than one response. While the conduct of this survey does not 
allow for robust statistical analysis, we apply such tools in a limited way to reveal some 
indication of the needs and attitudes of end-users. As such, the results should be 
interpreted with caution.  
 
Figure 7 presents an analysis of the gender of respondents, among which, 53 percent 
of end-users were women in contrast to climate science providers where males 
dominated, representing almost 70 percent of respondents. This difference in gender 
between end-users and provider respondents is statistically significant at the one 
percent level (χ=7.570, p=0.006).  
 
From our sample of respondents, end-users are on average younger than providers. 
The average age of an end-user respondent was 41 compared with 46 for providers. 
While the difference in average age in not large, the difference is statistically significant 
at the five percent significance level using an unequal variance t-test (t=2.372, 
p=0.019). 
 
Respondents who identified as end-users were asked to elect broad areas into which 
their decisions related. These are presented in Table 1.  
 

 
Figure 7. Proportion of female and male respondents 

Female Male

End Users

Female Male

Providers
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Table 1. End-users: Do your decisions relate to? 
End-users: Do your decisions relate to? Number 

Water availability and supply 62 

Human health 35 

Terrestrial biodiversity 56 

Marine biodiversity and resources 31 

Freshwater biodiversity 42 

Settlements and infrastructure 59 

Social, economic and institutional 
dimensions 64 

Emergency management 38 

Primary industries 39 

Indigenous communities 22 

Other 23 
 

‘Other’ areas of decision making responsibility included:  

• local council and community wellbeing, sustainability and development (6),  
• natural resource management in general (3),  
• energy (2),  
• federal government policy-making and reporting (2),  
• advising others (2),  
• environmental regulation,  
• air quality,  
• water quality, and;  
• protected areas.  

Proportional analysis of these numbers is presented in Figure 8. Of the end-users that 
responded to our survey, 94 percent stated that they use climate change information in 
their decision making. Most of their decisions being made were reported as decisions 
involving primary industries (representing 20 percent of all decisions reported). 
Decisions involving indigenous communities were also frequently reported, 
representing around 18 percent of the total decisions identified by the end-users 
surveyed.  
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Figure 8. Histogram of end-users climate change decisions by category 

 

3.6.1.1 End-user needs 
On the question of end-users needs for decision making, of the providers surveyed 
(Table 2), 28 percent believed that what was MOST needed by the end-users to 
improve their decision making was more confidence in general climate predictions. 
However, only 15 percent of end-user respondents (Table 3) reported that more 
confidence in general climate predictions were what they most needed. This difference 
in beliefs (Figure 9) between end-users and providers is not significant at a ten percent 
level but is within the vicinity (χ=2.556, p=0.110).  

 

Table 2. Providers: What do you think you MOST need to provide to end-users to 
improve their decision making process?  

Providers: What do you think you MOST need to provide to end-
users to improve their decision making process? 

Number 

More confidence in general climate prediction information to support 
decision making 12 

More specific information about climate impacts in specific locations 25 

The information they need already exists 7 
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Table 3. End-users: Which ONE of the four choices below do you MOST need 
from the providers of climate information to improve your decision making 
processes?  
End-users: Which ONE of the four choices below do you MOST need 
from the providers of climate information to improve your decision 
making processes? 

Number 

More specific information about climate impacts in the location where my 
decisions apply 69 

I don't need more information 6 

I need more information! Too much is never enough! 8 

More confidence in general climate prediction information to support 
decision making 19 

 

 
Figure 9. Proportion of respondents who believe that providers most need to 
provide more confidence in climate prediction information 
A greater proportion of both end-users and providers believed that more specific 
information was MOST needed (Figure 10) by the end-users to improve their decision 
making (46 and 41 percent respectively). The difference in percentages between the 
groups was not significantly different (χ=0.423, p=0.515).  

 

Other Confidence

End Users

Other Confidence

Providers
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Figure 10. Proportion of respondents who believe that providers most need to 
provide more specific information in climate prediction information 
Furthermore, of the providers surveyed, 13 percent believed that end-users did not 
need any more information to improve their decision making as all the information they 
need already exists (Figure 11). However, only four percent of end-users believed this 
to be true. The difference between provider and end-user perspectives is significant at 
the five percent level (χ=4.223, p=0.040).  
 

 

Figure 11. Proportion of respondents who believe that all the information they 
need already exists 
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3.6.1.2 Decision support tools and frameworks 
End-users were asked whether they employed a decision support tool or framework to 
help guide their climate adaptation decisions (Table 4), and if so was it one of the 
representative decision frameworks we had identified in earlier research (Table 5).  

Table 4. End-users: Do you use a decision support tool or framework to inform 
your decision making about climate change adaptation?  
End-users: Do you use a decision support tool or 
framework to inform your decision making about 
climate change adaptation? 

Number 

Yes 48 

No 55 
 

End-users who stated they were not using a decision support tool or framework to 
inform their decision making about climate change adaptation were asked what they 
used instead. These responses ranged from indications that decision support was not a 
priority, they did not have access to an effective decision support tool or that decision 
support tools were yet to be developed, and indications that they did not know enough 
to use a decision support tool, to normal business planning and risk management 
practices.  

Table 5. End-users: If you do use a decision support tool, do you use: 
End-users: If you do use a decision support tool, do you use: Number 

Cost-benefit analysis 23 

Real options analysis 8 

Investment Framework for Environmental Resources 5 

Resilience Analysis and Management 11 

Multi-criteria analysis 21 

Other 17 
 
‘Other’ responses included the use customised models, such as combinations of multi-
criteria analysis and cost-benefit analysis with elements of risk management 
approaches; risk and vulnerability analysis; water resource modelling; cost-
effectiveness analysis, minimising worst case outcomes; other optimisation approaches 
such as simplex methods; integrated regional vulnerability assessments; a risk 
management framework; ad hoc adaptive management frameworks; specific tools 
developed by the local government association to help local governments; and ‘out 
dated figures specified in planning schemes’. 
 
Further to these, questions were asked of end-users whether they used decision 
support tools or frameworks formally (computationally) or informally (to inform thinking) 
(Table 6), and whether or not these were used as communications tools with 
stakeholders (Table 7).  
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Table 6. End-users: How do you use the decision support tool(s) or 
framework(s)? 
End-users: How do you use the decision support 
tool(s) or framework(s)? Number 

To inform and/or support adaptation thinking only 35 

As a formal quantitative and computational 
application to support decision making 27 

Other 2 
 

‘Other’ responses included N/A and ‘For environmental assessments and approvals for 
major infrastructure projects, where the regulators require climate change to be 
considered for the project.’ 

Table 7. End-users: Do you use a decision support tool or framework to 
communicate with stakeholders? 
End-users: Do you use a decision support tool or 
framework to communicate with stakeholders? Number 

Yes 31 

No 16 
 

3.6.1.3 Summary 
The demographics collected from our survey show significant differences in gender and 
age between the end-users and providers. This could represent differences in how the 
two groups communicate and engage with each other, creating potential barriers for 
communication. Provider respondents were predominantly male and five years older, 
on average, than the end-user respondents. Recognition of these differences through a 
more tailored communication approach for each group might go some way to 
increasing the flow of information between the two different groups.  

Of the respondents from our survey, the majority of both end-users and providers 
believe that more specific information on climate change is needed for end-users to 
make better decisions. For instance, some end-users sought more specific detail on 
weather features such as frost or heat waves, and others sought more specific 
information on the impacts of climate change at a scale (farm, town, or catchment) 
scale relevant to their operations. 

A significantly smaller proportion of end-users (four percent) believe there is enough 
climate change information available to make better decisions than providers (13 
percent) who responded to our survey. This difference represents a gap between the 
demand and supply of climate science information. This data might require a more 
subtle interpretation than is obvious at first glance. Participants in the University of 
Sydney master-class believed that the gap between climate science and end-users 
pertains less to inadequate and uncertain climate information, and more to the 
uncertainties in impacts on the inherently uncertain human and natural systems that 
loom largest for decision makers. End-users are asking not so much for more climate 
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information, but for information in forms relevant to the complex systems they plan and 
manage.  

The majority of decisions being made are those involving primary industries, 
indigenous communities and energy management (these three categories representing 
around 50 percent of all decisions reported in our survey). It is reasonable to expect 
therefore, that a prioritising interpretive research addressed to these areas would 
increase the relevance of climate science information to the current end-users of 
climate science information.  

 

3.6.2 A learning workshop for producers and end-users of climate 
science 

The Bridging the Gap learning workshop was held in Canberra on the 12−13th of April, 
2012. Most of the presentations addressed one or another aspect of climate science. 
The University of Newcastle team presented a case example of decisions where 
climate information might be pertinent, and the University of Sydney team presented 
materials on approaches to decision making under climate uncertainty. Below are 
comments generated from workshop participants during the Sydney team 
presentations, with the source (producers or end-users of climate science) identified.  

Climate science producers: 

• Question‘Who is making decisions consciously on a cost benefit or adaptive 
management basis? Not necessarily what happens in real life.’  

• Question‘How can this be simplified for the majority of users?’ 

End-users of climate science: 

• Question‘Formal decision making/risk management looks a bit like formal 
project managementmakes a lot of sense on paper, and if done correctly is 
probably extremely effective. But presumably it is seen by mere mortals as too 
academic or just too difficult to actually carry out in practice. Is there a niche 
market for professional decision making experts, who can be brought in to help 
make tough decisions under uncertainty? Do such  people already exist?’  

• Question‘is it possible to replace current climate state dataset in ROADS with a 
future climate dataset, repeat for a number of future climates, and evaluate range 
of outputs?’ 

• Comment‘Need to communicate better how decision frameworks are being 
applied, and how climate science will feed into these applications.’ 
 

The Canberra workshop left the University of Sydney team with more questions than 
answers, and motivated our decision to structure our master-class to provide both a 
learning and a teaching opportunity for our team. 
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3.6.3 A master-class for end-users of climate science on decision making 
under climate uncertainty 

On the 24th of May 2012, we held a master-class at the University of Sydney for 
decision makers entitled Decision Making under Climate Uncertainty. The master-class 
was designed to integrate learning from the participants and teaching the participants 
via lectures on decision frameworks followed by team activities to solve three case-
study decision problems. The researchers’ learning objective was to better understand 
the perspectives of end-users of climate change science regarding how end-users 
employ climate change information and what they need in order to incorporate this 
information into their decision making. 

There were nine participants, representing local government, state government, and 
environmental authorities. Participants openly discussed who they saw as being the 
end-users of climate change information, the issues being decided, the decision 
process, how climate science can help, and how they implement adaptive management 
in practice. The teaching objective was to help end-users gain an understanding of how 
decision frameworks can help, and develop a level of comfort in using decision 
frameworks. To this end, participants in three-person teams collaborated in three case-
study exercises resolving stylised decision problems in which climate change 
information was one of the relevant considerations. The research team provided 
guidance and feedback as appropriate.  

Participants saw the end-users as being multi-staged and multi-individual entities. They 
noted that in many cases they were just an intermediary for the information that is 
interpreted by them but used by other persons such as engineers on building projects 
or cabinet, and right up to the responsible Cabinet Minister. Some participants had 
themselves run workshops about risk frameworks for other users of climate change 
information.  

The issues currently on the agenda in the participants’ organisations include bushfire 
risk management, soil erosion, the role of vegetative cover in adaptation of flora and 
fauna to climate change, water quality, and infrastructure investment. One participant 
noted the uncertainties around these issues are not new and decision makers have 
had to deal with these issues for hundreds of yearsfrom this person’s perspective the 
only really new issue introduced by climate change is sea level rise. Perhaps the 
salience of climate change depends in the time-frame of the decision maker’s 
assignmentclimate change information may be less crucial for decisions about 
emergency response to bushfires than for investments in long-lived infrastructure.  

There was a consensus among participants that the published climate science 
information currently available was too general, in perhaps two senses: at too high a 
level of spatial aggregation, and not addressed to impacts on the systems they are 
tasked with managing. Attendees needed more information specific to their particular 
needs and their organisations were in fact funding specific research projects to meet 
these needs. One participant noted that the staff brought a lot of climate change 
information to the executive board but the board couldn’t use it effectively because it 
did not seem directly relevant to their decisions. Participants further commented that to 
bridge this gap their organisations were contracting with private providers for 
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interpretive climate change information specific to their local area. Improvements in 
regionally focussed climate science research across Australia may improve the 
penetration of climate science information into regional decision making. 

With permission of the participants, the master-class was audio-taped, and the 
research team took detailed notes. In Appendix 3, there are reported in detail, we 
reproduce verbatim comments from participants, edited only to preserve the anonymity 
of participants and the organisations they serve.  

3.7 A perspective on decision making under climate uncertainty 
This project has examined whether uncertainty in climate science is a serious 
impediment for adaptation decision making, and considered the potential for various 
decision frameworks to aid the decision making process. We reviewed the relevant 
literature, gathered input and tested our ideas using a survey, a workshop, and a 
master-class for adaptation decision makers, and interpreted our findings to shed light 
upon the climate science information needs of end-users and the potential benefits of 
using decision frameworks to structure end-users ’ decision processes. We considered 
a variety of decision frameworks based on different conceptual approaches to 
managing the various kinds of risk and uncertainty encountered in decision making, 
and focused on identifying their comparative advantages and disadvantages in helping 
end-users make better climate adaptation decisions.  

Our review of the literature suggests that the uncertainty debateis it essential for 
effective decision making by end-users that uncertainty in climate science information 
be reduced?has been driven by climate scientists (Mearns 2010). Mearns argued 
that the scientific literature indicates that ‘physical climate scientists tend to consider 
reducing uncertainty on regional scales to be essential’ for climate change adaptation 
(pp. 81−82); and noted that researchers in the fields of decision making and social 
science, in contrast, do not place the same emphasis on the importance of reducing 
uncertainty for adaptation. Although decision makers would like more certainty, it 
appears to be primarily some physical climate scientists who have promoted the idea 
that reducing uncertainty is essential. It is interesting to note also that uncertainly has 
its defenders: Bammer and Smithson (2008) point out that uncertainties provide us with 
opportunities for innovation and creativitywithout the spontaneity generated by 
uncertainty, new ideas would be stifled and life would be relentlessly unchanging.  

 
This project has sought to examine the nature and significance of the ‘gap’ which was 
thought to exist between the producer and end-users of climate science. One 
formulation treats this gap as attributable mostly to failure of end-users to appreciate 
what climate science is already providing, and the inherent limitations of climate 
science to provide input to end-users’ decision problems. While there is an element of 
validity in this diagnosis, the larger issue is a fundamental misunderstanding by each of 
these groups of each other’s respective needs, capabilities and limitations. That is, 
producers of climate science fail to appreciate the capabilities of end-users to interpret 
and employ their outputs, just as much as end-users fail to appreciate the ability of 
climate science to deliver products directly relevant to their decision problems.  
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It seems that end-users demand quite a lot from climate science, some of which can 
reasonably be delivered while some cannot. Some of this is captured in the issue of 
uncertainty in climate change projections, which is in part driven by alternative 
definitions of uncertainty between the producers and end-users of climate science. 
End-users would like to reduce uncertainty in climate science projections for variables 
of interest to them. Behavioural economics suggests that less uncertainty is preferred 
to more uncertainty, and the demands from end-users reflect this preference. 
Nevertheless, a common response from end-users of climate science is that we deal 
with uncertainties every day and we deal with them wellwhy should we be 
overwhelmed by the uncertainty entailed in climate change projections?  

In light of our research, these two groups can be interpreted as talking about different 
types of uncertainties. End-users are comfortable with what we have called the first 
kind of chancechance due to random variation in orderly and well-understood 
systemsbecause they have substantial experience making decisions within such 
systems, and even in sets of such systems such that multiple uncertainties are present. 
To end-users the projections of climate scientists are different and disconcerting 
because they imply non-stationarity in climate systems, that is, the second and third 
types of chance. When end-users call for reducing the uncertainties surrounding 
climate change projections, they are asking climate scientists to reduce these 
uncertainties to the something closer to the first type of chancesimple randomness. 
However this is not likely to be possible, nor is it constructive. Climate scientists should 
be clear about the sorts of uncertainties they are encountering. Emphasis should be 
placed on communicating with more clarity the sorts of uncertainties that come up in 
climate science projections, in a language and style appropriate for end-users.  

In some cases climate makes a substantial contribution to the apparent complexity of 
the system, in others a small contribution. End-users are good at identifying the 
exposure of their activities to climate, although a common refrain from end-users is that 
they don’t know enough about the systems they operate in now, let alone how 
projections of climate change will impact these systems. This creates problems for end-
users in utilising the outputs of climate science, and to some extent their information 
demands reflect more the need to know about their current systems than to receive 
more accurate climate change projections. In other words, it is possible the uncertainty 
they experience is not the error bounds in climate change predictions, but is instead the 
uncertainty they experience in the lack of specific information relevant to their actual 
decision problems. Some of this information may be provided by technical specialists 
(i.e.: hydrologists, ecologists, agronomists), but a greater understanding of the climate 
system they deal with currently is required. This appears to be the job of climate 
science, that is, not just to make projections about future climate regimes, but to place 
it in the context of current and historical climate regimes. For example, decisions in 
Australian urban water utilities are made on rainfall records which are not much more 
than 100 years old. Thus it is not possible to understand with confidence the full range 
of possible outcomes the current climate regime could deliver, let alone how these 
outcomes would evolve in a new regime.  

Throughout the research our maintained hypothesis has been that climate change 
alters the structure of end-user’s decision problems. In the sense that uncertainties 
about the future nature of climate exist, this is necessarily the case. End-users already 



 

Making decisions under the risks and uncertainties of future climates 39 

 

recognise this and tell us that conventional decisions are different to those which 
explicitly incorporate climate science. There appear to be two substantial ways in which 
climate change can alter the structure of end-user’s decision problems. The first is 
some systematic way in which known risks are altered as the range and likelihood of 
outcomes changes, for example, risks becoming uncertainties is one instance of a 
systematic change in the end-user’s decision problems. The second is that climate 
change raises challenges end-users have not encountered before. End-users 
recognise that there are many decision problems that climate change affects only by 
changing the magnitude and frequency of outcome variables (such as bushfire or algal 
outbreaks in water supplies) and they can draw upon past experiences to help prepare 
for these. However, there are some problems which have not been encountered 
before, such as sea level rise, and the absence of experience creates additional 
uncertainties about how this could impact on their operations.  

Perhaps it is too much to ask end-users to understand all that climate science is trying 
to tell them and place it all in the context appropriate for the multiple systems for which 
they are responsible. This suggests scope for professional knowledge brokers to help 
end-users interpret information from climate science in the context of the systems they 
plan and manage (Kasperson 2008).  

Decision frameworks help end-users identify the various kinds of uncertainty that affect 
their adaptation decision making, and can help them manage uncertainty at each stage 
of the decision process, from problem formulation to implementation and evaluation. 
Some of the frameworks we have analysed are most appropriate for relatively orderly 
systems where costs and benefits can be estimated readily, like simplified cost-benefit 
analysis, but other frameworks we have studied have been developed specifically with 
decision problems involving complex systems and high levels of uncertainty in mind, 
such as Resilience Analysis and Management (RAM) and Strategic Adaptive 
Management (SAM). SAM specifically aims to help manage the interface between 
science and policy and to link programs for monitoring biophysical systems to 
management goals and objectives. 

In addition to uncertain climate and uncertainty in scientific knowledge about the 
climate, end-users deal with uncertainties in many other contexts, and decision 
frameworks can help identify the different kinds of uncertainty and their relative 
importance for the decision making process. In many cases, sources of uncertainty 
other than the climate are going to be most important for decision making. Decision 
frameworks and associated decision tools can help people identify the different kinds of 
uncertainty that apply to their problem and to understand the relevance of these 
sources of uncertainty to their specific decision problems. For example, influence 
diagrams can help people identify and communicate the different sources of 
uncertainty into a decision problem. Decision trees can show, for simple cases with 
known (or assumed) costs, benefits, outcomes, and probabilities, how risk and 
uncertainty affects decisions. These approaches can help decision makers assess the 
relative importance of climate uncertainty in relation to other sources of uncertainty 
(about costs, benefits, and so on) as they formulate their decision problems. 
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Our interactions with decision makers directly involved in climate adaptation decision 
making have tended to affirm that climate uncertainty is not necessarily a major 
impediment to adaptation decision making. Nevertheless, decision makers have 
revealed definite interest in the potential for decision frameworks and related decision 
tools to assist in the adaptation decision making process, even as they exhibited some 
understandable discomfort with sophisticated and formally structured tools. Here, too, 
there seems to be a role for knowledge brokers. 

Thinking first about a process of making decisions under uncertainty may help to shed 
some light on an approach to climate change adaptation problems and decisions. We 
can outline a set of simple steps in such a process (see also Ranger and Garbett-
Shiels 2011): 

1. Understand the systems of concern as they currently are. This is especially 
important where complex systems are involvedwe want to know what role 
climate plays in the function and outcomes of the system. We need to ask 
questions, such as:  

2. What are the current vulnerabilities and thresholds of concern?  
3. What are the future risks related to climate change and the uncertainties 

involved? 
4. Evaluate adaptation objectives and constraints in the context of broader 

priorities. 
5. Identify potential adaptation options.  

Item 1 on the above list is a crucial first step. If a decision maker doesn’t know enough 
about the system as it currently is, climate change information just adds a further layer 
of uncertainty to an already intractable decision problem. Where decisions involve high 
costs, lengthy lead times, and long-lived consequences, they necessarily demand a 
greater understanding of the prevailing system. This is a hallmark of a good decision 
making processes, and should occur independently of climate change thinking.  

Item 2 recognises that climate change alters the structure of the decision problems - 
the question is how? Uncertainties about the impacts of climate change create 
impediments to decision making, but these are not insurmountable.  

Items 3 and 4 specifically call for the sorts of decision tools and frameworks, identified 
in the literature review above, which help overcome impediments to decision making. 
Decision problems are diverse, as are the approaches that may be applied to deal with 
them. Thinking about how these tools and frameworks might be applied, requires a 
well-developed understanding of the characteristics of the problems over which 
decisions must be made. These differ along multiple dimensions, such as: the 
geographic scale, the time available to commit to an action, the costs, reversibility and 
lifespan of an action, the constraints on decision responses to problems. 
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4. FINDINGS 

In this section we identify a collection of findings arising from the literature review and 
from the activities which assisted in contextualising the literature review, namely, the 
survey, learning workshop and master-class.  

These findings have been used to inform the construction of the Practitioner’s 
Handbook for Making Decisions under Climate Uncertainty and the Web-Based 
Decision Support Tool (www.adaptation-decisions.com).  

RE: the nature of climate uncertainty 

Risk and uncertainty encompass at least three kinds of chance:  

1. chance, because outcomes are generated by a random process (classical risk 
and uncertainty);  

2. chance, because we do not understand the system that generates outcomes 
(chance emerging from erroneous mental models, not from random error in 
stochastic systems); and  

3. chance, because the system that generates outcomes is itself changing 
(‘unknown unknowns’).  

Whereas we have traditionally thought about weather as susceptible to the first kind of 
chance, and the second kind to the extent that relatively short time series data sets 
leave us with incomplete models of weather probabilities, climate change introduces 
non-stationarity into climate systems. This alters in fundamental ways the structure of 
decision problems in important areas of private and public life and compounds 
uncertainty at every level, from global projections to the construction of climate 
scenarios. 

RE: ‘the gap’ between climate science and end-users 

Yes there is a gap between climate scientists and end-users, and there is a sense in 
which a gap is inevitable. Climate scientists operate from a science-first stance 
whereas many end-users operate in context-first mode. 

Not only that, climate scientists tend to be committed to a natural sciences worldview, 
whereas the worldview of end-users is more likely to be rooted in the social and/or 
decision sciences. 

The context for end-users involves planning and management assignments where 
climate rarely appears among the goals and objectives. Instead, climate is one among 
many drivers of success in achieving these objectives. 

End-users encounter many sources of uncertainty, of which weather and climate are 
just two, and many end-users believe they already are dealing rather well with weather 
uncertainty.  

End-users grasp a key difference between weather and climate (climate brings the 
prospect of non-stationarity to the fore), but they also grasp the time dimension. Good 

http://www.adaptation-decisions.com/
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information on climate futures is not essential for many of the decisions facing end-
users but, for decisions with long-term consequences, climate futures really matter.  

The gap between climate science and end-users pertains less to the uncertainties in 
climate projections, and more to the uncertainties in impacts on the inherently uncertain 
human and natural systems that loom largest for decision makers. 

End-users’ needs are likely to be better served by a context-first rather than science-
first approach to climate science information. Climate science information will be better 
received among end-users if placed in the context of the systems they are called upon 
to plan and manage. 

End-users do not expect climate science to eliminate uncertainty in climate projections. 
If anything, they are asking climate science to be more forthright about the existential 
uncertainties pertaining to climate futures. 

To summarise, end-users are not unrealistic in their expectations about reducing the 
uncertainties in climate projections. Rather than less uncertainty in climate projections, 
they are asking for more attention to impacts on the inherently uncertain human and 
natural systems they are tasked with managing. 

This gap has been framed in the literature previously. For example, Mearns (2010) 
observes that, compared with climate scientists, researchers in the fields of decision 
making and social science do not place the same emphasis on the importance for 
adaptation of reducing uncertainty. Although decision makers would like more certainty 
if it were available cheaply, it appears to be primarily some physical climate scientists 
who have promoted the idea that reducing uncertainty is essential.  

Smithson’s (1989) ‘Taxonomy of Ignorance’ sheds some additional light, suggesting 
that in the confusion of technical terms and jargon there is scope for manipulations. 
This seems to have happened in political debate and social discourse about climate 
science, and policy including adaptation policy. 

There may well be scope for professional knowledge brokers to help end-users 
interpret information from climate science in the context of the systems they plan and 
manage. Furthermore, some important groups of end-users already are accustomed to 
contracting with research organisations and consulting firms to provide the impact-
relevant interpretations of climate science information they need.  

RE: decision frameworks and the application to climate issues 

Two decision meta-frameworksframeworks that serve as a platform for whole 
families of related decision toolswere identified: cost benefit analysis and adaptive 
management. 

People consistently exhibit certain well-documented decision biases, and formal 
decision tools can be useful in structuring decision processes to minimise these biases.  

Several decision tools, including traditional cost benefit analysis, INFFER, Real Options 
for Risky Decisions, Resilience Adaptive Planning, and Strategic Adaptive Planning 
can be presented as examples of decision tools potentially helpful to end-users 
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addressing decision problems where climate prospects are among the relevant 
considerations. 

We found that by splitting decision frameworks into their constituent elements, we can 
see how frameworks in common use are able to handle various dimensions of 
uncertainty. For example, uncertainties in costs and benefits, and stakeholder desires 
are handled more effectively as we move from CBA style frameworks towards AM 
frameworks. However, uncertainties in the available time to make a commitment to 
action are better handled by frameworks on the CBA end of the spectrum.  

Real options analysis, for instance, shows how it can be optimal to wait for more 
information when it is reasonable to expect additional relevant information to be 
forthcoming. A corollary of this is that when climate science creates an unreasonable 
expectation that better (i.e.: more detailed regional projections) information is 
forthcoming, costly and/or irreversible decisions will be unduly delayed. For example, 
claims about the ability of regional downscaling to deliver better information must be 
balanced against the timing of its delivery and actual benefit it delivers to end-users.  

There may be scope also for knowledge brokers in the field of decision frameworks and 
tools, to help end-users make more and better use of appropriate decision making 
methods. 

RE: providing useful tools for end-users of climate science information  

A Practitioners’ Handbook was produced to aid end-users in deciding issues in their 
domain of responsibility where climate prospects are among the relevant 
considerations. 

An online web tool was produced as companion to the Practitioner’s Handbook.  

End-users have shown through workshops, surveys and unstructured discussion that 
they are interested in structuring their thinking using decision aids and tools which are 
embodied in decision frameworks.  
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5. GAPS AND FUTURE RESEARCH DIRECTIONS 

This project has raised more questions than we have had time and resources to 
answer. Here we consider two promising avenues for further research, and elaborate a 
little on the research questions that might be addressed fruitfully. 

 
1. This project has focussed on end-users concerned with public decision making, in 

particular, local councils, regional organisations such as Catchment Management 
Authorities, and state governments departments where, we hypothesised, there 
may be some scope for proactive as well as reactive adaptations. We focused on 
these categories of end-users for good reasons, and made progress toward better 
understanding the information communications issues impacting how these groups 
use the output of climate science. It is now clear that further research is needed to 
broaden the categories of end-users considered. For instance, this line of research 
could examine whether public and private end-users work in ways which are 
systematically different for making decisions in the presence of uncertainties, 
especially those uncertainties relating to future climates. This program of research 
could:  

o Extend the research on end user information needs from climate science, 
expectations, etc., to categories of end-users not studied in this exploratory 
research. 

o Extend the research program into formal quantitative data gathering using 
representative samples of relevant categories of end-users and statistically 
valid sampling and testing methods. 

o Examine how the end user work environment and the social science 
perspective perhaps typical of end-users compared with the natural science 
perspective of climate scientists influence the nature and effectiveness of 
communication between these two key groups, with a view to finding ways to 
narrow the gap. 

o Research the key questions that arise from our re-casting of ‘the gap’ 
between climate science and end-users of climate projections. 

o Recognising the context-first approach that end-users instinctively take, 
develop and refine context-first, end-user friendly decision making 
frameworks and tools. 

o Develop and test context-first, end-user driven approaches to specifying the 
information needed from climate science. 
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2. We have discussed the idea of structured active learning in the context of 
proposed risky innovations, and speculated that this kind of approach could be 
incorporated into adaptive management of systems stressed by business-as-
usual practices, substituting purposeful experimentation on a small scale for the 
testing in confinement appropriate for novel interventions. This idea opens the 
door to a systematic program of further research on active learning approaches 
to planning and managing complex systems under climate uncertainty. Among 
the potential research thrusts are: 

o Re-examine the commitment to monitoring the results of adjustments 
undertaken in the course of adaptive management. A broad-based program of 
monitoring system health may be more promising than monitoring focused 
more narrowly on adjustment actions and their anticipated effects. 

o Elaborate the distinction between active and passive learning, and develop 
protocols for determining the potential for and the advantages of active 
learning in various kinds of decision contexts. 

o Research the plausible hypothesis that benefits of active learning are higher 
in situations where the value of information is high, elaborating active learning 
schemes designed for particular cases where better information would be 
valued highly.  
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Appendix 1: Glossary 
  

Adaption decision: A decision made to change a system so that it becomes better 
suited to its environment. If the future environment is uncertain, an adaptive decision 
may be intended to make the system functional over a broader range of environmental 
possibilities. 

Adaptive management: Adaptive management can be understood as purposeful and 
structured 'learning by doing'. It is an approach to resource management that uses 
management decisions as a tool to improve the trajectory of ecosystem functioning 
stepwise and in so doing learn about the function of ecosystems. 
(http://www.climatedecisions.org/2_Adaptive%20mgmt.htm) 

Benefit Cost Index (BCI): also known as a Benefit Cost Ratio (BCR) is the benefit 
generated per dollar of cost.  

Business-as-usual: The baseline (or status quo) policy conditions are projected into 
the future. In the context of this handbook, it would be to continue on without a new 
project or a policy redirection.  

Choice modelling: Respondents are asked to choose between packages defined in 
terms of services/amenities provided and price. The analyst uses this information to 
infer the economic value of the services/amenities.  

Climate change: Change in the pre-existing regime of a climate system characterised 
by change in either of the trend and variance properties of a climate system. 

Contingent Valuation: Uses hypothetical survey questions to find willingness-to-pay 
for some environmental or ecological resource that may be undervalued in existing 
markets.  

Cost Benefit Analysis: An analytical technique used by policy makers to compare the 
present values of projected streams of benefits and costs. 

Decision framework: A decision framework is any device that structures the decision 
process. Some decision frameworks break down the decision making process into 
sequential steps.  

Decision making tree: A visual sequential representation of individual’s choices and of 
externally occurring stochastic events out of control of the individual. 

Discount rate: a rate of interest, ideally representing the marginal social efficiency of 
capital. 

Expected value: in the context of a risky choice and where there are multiple possible 
outcomes, each with its own likelihood, the expected value of a given choice is equal to 
the sum of the products of each possible outcome and attendant likelihood. 
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Fat tailed distribution: generally a probability distribution which exhibits significant 
skewness, that is, the mean is non-trivially distanced from the probability mass. In a 
negative-skewed fat tailed distribution, bad outcomes are more likely than if the 
distribution was normal. 

 
Gross ignorance: Gross ignorance is a situation where some possible outcomes of an 
action are strictly unknown: they cannot be defined, valued, or assigned probabilities. 
Formally, gross ignorance means that the outcome set is unbounded.  

Hedonic price analysis: The hedonic pricing method estimates the marginal 
willingness to pay for improvements in levels of particular amenities associated with 
multi-dimensional goods such as houses, jobs, and vacation sites. This information is 
then used to value amenities that may be undervalued in direct markets. 

INFFER: Investment Framework for Environmental Resources, a simplified framework 
for conducting CBAs. 

Irreversibility: A system has the property of irreversibility if a process changing it from 
an initial trajectory to another cannot be undone costlessly by reversing that process. 
Attempts to restore the original trajectory will necessitate additional inputs of resources 
and time. Irreversibility is a matter of degreein the extreme, the costs of restoring the 
original trajectory are infinite. 

Market values: The observed prices of goods traded in efficient markets measure their 
market value, and the benefit of marginal increases in their provision. 

Non-market values: In the context for goods, services, and amenities that are 
undervalued in existing direct markets, the analyst may infer their value in several 
wayse.g. by analysing related markets (see hedonic price analysis and travel cost 
method), or through stated preference methods (see choice modelling and 
contingent valuation). 

Meta-Frameworks: a conceptual grouping of decision frameworks that reflect their 
shared characteristics.  
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NCCARF: National Climate Change and Adaption Facility, An initiative of the Australian 
Government, the National Climate Change Adaption Research Facility, established 
2007. 

Net Present Value (NPV): ‘The difference between the present value of benefits and 
present value of costs’ (Boardman et al. 2006, pg. 15). 

Normative decision frameworks: Decision frameworks designed to implement a 
normative criterion (i.e. a criterion thought to be good). For example, CBA implements 
a kind of welfarism, which is the theory that the goodness of a society is a matter of the 
utility enjoyed by its citizens. 

Option Value: The value that an individual places on the flexibility to delay committing 
to an action.  

Passive Use values: People may value the continued existence and quality of goods, 
services, and amenities that they neither use nor plan to use actively. Such values are 
called passive use values, are valid components of benefits, and may be measured as 
non-market values. 

Probability: The likelihood, on a scale bounded by 0 and 1, of a state or event 
occurring. 

Probability, objective: Probabilities calculated from observed frequencies of 
stochastic states or events. Their validity requires that the system generating frequency 
data is stationary.  

Probability, subjective: The likelihood individuals assign to a state or event occurring, 
which may be based on judgements and experience rather than on physical laws or 
data. 

Procedural decision frameworks: Decision frameworks designed to generate good 
outcomes by ensuring that good processes have been followed. Contemporary 
procedural frameworks often are distinguished by their attentiveness to stakeholder 
values and concerns. 

RAM: Resilience Adaptive Management 

Reactive Adaptation: adaptation actions which occur in response to changing 
conditions.  

Pro-active Adaptation: adaptation actions which are undertaken before conditions 
make them necessary. See Reactive adaptation.  

Real Options: an approach which emphasises the roles of irreversibility (or partial 
irreversibility) and sequencing of actions as key features of optimal decision making.  

Revealed preferences: valuation that comes from observing individuals actual 
behaviour, it may be revealed through the price that an individual pays for a good or 
service. 

Risk: Classical risk is a situation where each possible outcome of an action can be 
defined, and its value and probability are known. 
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Risk aversion: A risk-averse person will be willing to forgo some expected return for a 
reduction in risk, the rate of acceptable trade-off depending on how risk averse that 
individual is (Hardaker et al. 2004, pg.7).  

SAM: Strategic Adaptive Management (Kruger National Park) 

Stakeholder: An individual or group that will be significantly affected by a change in a 
public good or policy. 

Stated preferences: Preferences either stated by individuals in response to contingent 
valuation surveys, or inferred from individual choices in experiments. 

Structured decision making: ‘Structured Decision Making (SDM) refers to decision 
analysis often involving stakeholders (who provide value perspectives) and technical 
specialists (who provide technical perspectives). SDM can be readily described in 
terms of a series of steps or components.’ (http://www.climate-
decisions.org/1_Decisions.htm) 

Surprise: A realised event that was not in the ex-ante outcome set. This technical 
definition contrasts with common usage, which treats an ex ante unlikely outcome as a 
surprise. 

Time horizons: When calculating present values, the time period over which benefit 
and costs streams are considered. More generally time horizons can be considered in 
the long term or short term. As time horizons become longer uncertainty will increase 
making analysis more complex (Hardaker et al. 2004, pg. 234).  

Travel cost method: The costs borne by individuals to visit resources/amenities that 
may be undervalued in existing markets are analysed to infer willingness to pay. 

Uncertainty: Classical uncertainty is a situation where each possible outcome of an 
action can be defined and valued but the probabilities are unknown. 

Willingness-to-pay: The monetary amount that an individual is willing to pay for a 
particular quantity of service or good. This amount is a measure of the benefit the 
service/good provides (or would provide) for the individual. 
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Appendix 2: Summary for end-users 
 

Summary for end-users  

There is a perception that a gap exists between end-users’ expectations for reduced 
the uncertainty in climate science information and the capacity of climate science to 
deliver. Here we summarise the findings of a project designed to characterise the 
nature of climate uncertainty and its implications for end-users, explore the nature of 
any gap that may exist between end user expectations and climate science capacity, 
examine how decision frameworks and tools might help end-users deal with the 
uncertainties they face, and provide some useful tools for end-users of climate science 
information. Research tasks completed include an extensive literature review, a survey 
of end-users , and a workshop that brought climate scientists and end-users together, a 
master-class for end-users , and careful review and analysis to distil conclusions that 
represent the best judgment of the authors. 

What do we mean by risk and uncertainty? 

To most people, risk entails two distinct concepts, chance and harm. We call a small 
chance of great harm in pursuit of a likely but modest gain a risk, but a small chance of 
great gain bought at modest expense is called something else, for example, a gamble. 
Risk and uncertainty encompass at least three kinds of chance:  

1. chance, because outcomes are generated by a random process (classical risk 
and uncertainty);  

2. chance, because we do not understand the system that generates outcomes 
(our mental models are imprecise and perhaps erroneous); and,  

3. chance, because the system that generates outcomes is itself changing in ways 
we do not comprehend (unknown unknowns).  

The first kind of chance can be managed with standard risk management 
techniquesfor example, specify the possible outcomes and their probabilities, and 
then choose the strategy that maximizes expected value. Managing the second kind of 
chance puts a premium on learning more about the system itself. It may be hubris to 
think we can really manage the third kind of chanceinstead we may work to 
maximize the resilience of the underlying system even as we seek to understand it 
better through passive and active learning processes.  

Climate uncertainty  

Weather uncertainty has always provided challenge enough to real-world decision 
makers, even though we usually treat it as involving the first kind of chance (random 
variation) and perhaps a little of the second kind (our data series may not be long 
enough to support confidence in our calculated probabilities).Climate change takes us 
into the third kind of chanceif climate really is changing, it is because the systems 
that regulate climate are themselves in the process of change. This alters in 
fundamental ways the structure of decision problems in important areas of private and 
public life and compounds uncertainty at every level, from global projections to the 
construction of local climate scenarios. 
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Climate is just one driver of the complex systems end-users plan and manage 

Climate is a key driver of complex human and natural systems, but it is just one of the 
drivers. With climate change, a local councillor has to face questions such as, ‘To build 
sea walls or notand if so, where and how high?’ and the answer will depend on 
knowing many things: how will currents change in the bay if a low-lying island is 
swamped; what other components of the environment might be impacted and how; 
what goals do citizens want local government to pursue in this context; and what scope 
do local leaders have, to change other aspects of the local human and natural systems 
in order to accommodate adaptations to climate change? 

There are many kinds of end-users 

End-users come in many kinds in terms of the responsibilities they face. Among end-
users, there are convenors, facilitators, consultants, planners, managers, advisors to 
legislators, agency directors, and CEOs of private firms, and legislators, agency 
directors, and CEOs themselves. The information demands of each group will be 
different, as context for each differs in kind and in spatial and temporal reach. End-
users differ also in their ability to acquire the context-relevant interpretations of climate 
science information that they need. Furthermore, time constraints, more pressing 
concerns, and human nature conspire in the tendency of end-users to ignore climate 
science information that does not seem relevant to the context and time-frame of the 
decisions they are tasked with making. 

Is there a gap between climate science and end-users? 

Yes, there is a gap between climate scientists and end-users, and there is a sense in 
which a gap is inevitable. Climate scientists operate from a science-first stance 
whereas many end-users operate in context-first mode. Not only that, climate scientists 
tend to be committed to a natural sciences worldview, whereas the worldview of end-
users is more likely to be rooted in the social and/or decision sciences. Furthermore, 
for end-users, the context involves planning and management assignments where 
climate rarely appears among the goals and objectives. Instead, climate is one among 
many drivers of success in achieving these objectives. 

End-users encounter many sources of uncertainty, of which weather and climate are 
just two, and many end-users believe they already are dealing rather well with weather 
uncertainty. They grasp the key difference between weather and climate, but the 
priority they place on climate information reflects at least two additional concerns: the 
time dimension (good information on climate futures is not essential for many of the 
decisions facing end-users but, for decisions with long-term consequences, climate 
futures may really matter), and the demands of all the other inherently uncertain human 
and natural systems that decision makers must address. Climate science information 
will be better received among end-users if placed in the context of the systems they are 
called upon to plan and manage.  
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End-users do not expect climate science to eliminate uncertainty in climate projections. 
If anything, they are asking climate science to be more forthright about the existential 
uncertainties pertaining to climate futures.  

To summarise, end users are not unrealistic in their expectations about reducing the 
uncertainties in climate projections. Rather than less uncertainty in climate projections, 
they are asking for more understanding that climate is one driver of the inherently 
uncertain human and natural systems they are tasked with managing, and more 
attention to the impacts of climate change on these complex systems.  

There may well be scope for professional knowledge brokers to help end-users 
interpret information from climate science in the context of the systems they plan and 
manage. Furthermore, some important groups of end-users already are accustomed to 
contracting with research organisations and consulting firms to provide the impact-
relevant interpretations of climate science information they need.   

Decision frameworks and tools can be helpful to end-users  

Given the challenges they face and the information overload they struggle to avoid, 
end-users may benefit from decision frameworks and tools designed to organise 
information with decision making in mind. 

Two decision meta-frameworksframeworks that serve as a platform for whole 
families of related decision toolswere identified: cost benefit analysis (CBA) and 
adaptive management (AM).  

The basic idea of CBA is to construct outcome scenarios for each action under 
consideration and evaluate actions in terms of their likelihood of making us better-off or 
worse-off. Simple CBA treats these scenarios as certain, but more sophisticated 
variants incorporate risk, uncertainty, risk aversion, and the idea that there may a 
benefit to delaying commitment if it is likely that new and better information may 
emerge during the delay. 

The basic idea of AM is that we don’t know enough to map outcome scenarios with any 
confidence, and we are fearful of committing to paths that might lead to disaster. So we 
move incrementally through a long sequence of plan-implement-monitor-adjust cycles, 
a process intended to encourage learning and limit risk exposure. The simplest forms 
of adaptive management treat learning as passivea good, if unintended, 
consequence of attempts to manage the systembut more sophisticated versions of 
AM are structured purposefully to maximize the resilience of the system and the 
opportunity for active learning.  

Our Practitioners Handbook and online decision support tool (referenced below) 
present several decision toolstraditional cost benefit analysis, INFFER, Real Options 
for Adaptation Decisions, Resilience Adaptive Planning, and Strategic Adaptive 
Planningthat are potentially helpful to end-users addressing decision problems 
where climate prospects are among the relevant considerations. These frameworks 
differ in their ability to address different kinds of uncertainties that end-users face. For 
example, as uncertainties in costs, benefits, and stakeholder desires become more 
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intractable, decision problems may be handled more effectively by moving from CBA-
style frameworks towards AM frameworks. However, uncertainties in the available time 
to make a commitment to action are better handled by frameworks on the CBA end of 
the spectrum.  

Real options analysis shows that it can be optimal to wait when it is reasonable to 
expect additional relevant information to be forthcoming. A corollary of this is that when 
climate science creates an unreasonable expectation that better information (e.g. more 
detailed regional projections) is forthcoming, urgent decisions may be delayed unduly. 
Claims, for example, about the ability of regional downscaling to deliver better 
information must be balanced against the timing of its delivery and actual benefit it 
delivers to end-users.  

It may be possible to do better than waiting for new information to emerge. Active 
learning can be encouraged by incorporating purposeful experimentation into the AM 
process. 

Formal decision tools can be too cumbersome and too information-intensive for many 
of the decisions end-users must make. In these circumstances, it is possible to use 
decision tools and frameworks informally but nevertheless effectively to guide 
information gathering and decision making. To give a couple of trivial examples, an 
informal CBA might be applied when choosing between lunch options and the trial-and-
error processes we apply to everyday problems can be interpreted as informal AM.  

Decision aids can help control decision biases 

Rational models of decision making may be too cumbersome and too information-
intensive for many of the decisions people must make in order to function. So decision 
heuristicssimple rules of thumb that simplify decision making and help people avoid 
the worst sorts of mistakeshave evolved. Some of these heuristics lead to 
documented decision biases. To give one example, loss aversion has likely contributed 
a lot to the survival of the human species, but it leads decision makers to decide the 
same decision problem differently if outcomes are framed as losses incurred or even 
greater potential losses avoided. 

We have presented some decision aids, e.g. decision trees, which have been devised 
to help people tasked with making important decisions avoid decision biases. 

Among end-users we encountered some reluctance to acquire the skills to use decision 
frameworks and tools effectively. There may be scope also for knowledge brokers in 
the field of decision frameworks and tools, to help end-users make more and better use 
of appropriate decision making methods. 

Providing useful tools for end-users of climate science information  

We have produced a Practitioners’ Handbook to guide end-users in the use of decision 
tools and frameworks. It is intended to provide a practical guide to choosing decision 
frameworks that might help end-users make more effective use of climate science 
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information. An On-Line Decision Tool (www.adaptation-decisions.com) has been 
provided to help end-users identify appropriate decision tools for their particular 
decision problems.  

 

http://www.adaptation-decisions.com/
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Appendix 3: A master-class for end-users of 
climate information on decision making under 
climate uncertainty at the University of Sydney 
 
With permission of the participants, the master-class was audio-taped, and the 
research team took detailed notes. Here, we reproduce verbatim comments from 
participants, edited only to preserve the anonymity of participants and the organisations 
they serve.  

Master-class participant feedback: understanding the relationship between 
climate scientists and end-users  

What do we mean by ‘end-user’?  

‘In one sense there may be two or three different types of end-user. Some are using 
climate science to generate more climate science (meteorological) i.e.: what is the 
impact of East Coast Lows on water supplies under climate change? Then others are 
using and reading this directly via technical working groups and the like. Then the end 
of the line user may be considered the relevant minister. So we think there are many 
sequential end-users.’  

‘We have engaged CSIRO to provide information more specific to our regional 
organisation of councils. We have asked for statistical downscaling to help respond to 
climate change and make aid decision making. Other climate information is used 
directly in our own modelling activities and in planning/policy making. In this sense, 
there are also several types of end-usersthis again differs among departments of the 
council which have different information needs and/or fit into a different component of 
the decision making process.’ 

‘Our council contracts a local University to analyse the data to aid in the forecast of 
future conditions. The council then translates this knowledge to others such as the 
engineers on projects etc. So the end-users are translators themselves. It was very 
valuable for a climate scientist to sit with us and help us interpret the results into the on 
ground scientists. Also, smaller departments within the council then sought feedback 
as to what their stakeholders neededand in this sense, there are feedbacks in 
various scales at the end-user level.’ 

‘In state governments everyone is involved in implementation of someone else’s 
policywe see the minister of the government as the end-user. We are decision 
facilitators.’  

‘What issues are being decided? 

‘A conventional decision is different to one which explicitly incorporates climate 
science.’ 
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‘Our organisation has a science analysis team who distilled available information and 
then our working group discussed how to feed this into their risk management models 
(fire, flood etc.). This happens at the qualitative level and helps guide policy without the 
need to numerically focus upon the solutions.’ 

‘We are concerned, among other things, about fire risk managementwe used Rural 
Fire Service experts from the area and asked them to interpret what they thought 
climate science outputs might tell them about how fire risks might change. We found 
that hazard reduction was least efficient, a better approach was to strengthen building 
codes on the urban fringe to make them more resilient to fire.’ 

‘We see that sea level rise is unique among all of these climate risksit is the only 
really new risk to coastal communities - fire risks and alike have been around for ages - 
we know to some extent how to deal with these. Most things aren’t new to decision 
making, just because of climate change. One local council area for instance under 
projected sea level rise isn’t much different to what it is now. Another council, in which 
8000 properties are currently at risk of flooding, we only add another 1500 to that with 
sea level rise. What we need to know is how sea-level rise will impact upon ground 
water and stabilitythese are things that are currently unknown - and there is concern 
about this.’ 

‘We are concerned about climate change altering, among other things, the species of 
algae in water reservoirs, bush fire frequency and algal outbreaks in water 
supplieswith warmer climates increased opportunities to bloom etc. We need to know 
how will rainfall/run-off dynamics change with climate change. Water treatment is not 
currently able to deal with some of these challenges...do we need to start researching 
these things now? What is the lead time for these issues? Is the consumer ready to 
pay for these policy changes? Information needs to be carried through to stakeholders 
so they understand what is going on.’ 

How does climate science help? 

‘At the moment it doesn’t. I don’t give a damn what 2 degrees means by itself - what 
does it mean for my businesses and assets? Translation for use by the end-user is 
everything! What comes out of a model is just a fraction of what is needed to make 
useful decisions...’ 

‘We sit here and see the IPCC spits out the summary for policy makers etc., the 
problem is that outputs are already interpreted before it gets to end-users’ 

‘What we need to know need is how ecological communities change over time in 
response to changing climate...this is the greater unknown for us at the moment.’ 

‘We need climate scientists to aid in the translation of what is being said’ 

‘We don’t just want more certainty, we need some information about the range of 
possible uncertainties so we don’t end up in the wrong placethis is hard for us to 
access’.  
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‘There is a need to balance the urgency of using what is available against the need to 
understand the size and shape of uncertaintyand whether or not this is important in 
making decisions’. ‘We have a problem reconciling projections with current experience 
(in the minds of stakeholders)the issue seems to be that we don’t understand 
properly the systems as they are now’.  

‘Climate change information available from Bureau of Meteorology and University of 
New South Wales is good, but so general it was almost unusable of our decision 
makingour experience shows that this information is made more practical by being 
able to sit down with them [climate scientists] and ask them specifically about how 
these projections feed into our planning decisions.’ 

 ‘We need a better understanding of the existing systemincluding variability and the 
like to help understand what climate change means for our decisions. Two years for 
floods in the Murray Darling Basin has made the communication of climate change a 
big challengepeople are strongly influenced by recent and short-term events’.  

‘Uncertainties in the climate science can be too great for planners to commit to action 
now, which means there exists a strong case, especially among stakeholders, to just 
wait-and-see about adaptation expenditure.’ 

‘Climate science publications are a bit too general; we needed to talk to the scientists 
to see how relevant their findings could be’  

‘I‘ve brought a lot of climate change information to the corporate board over some 
years but they couldn’t do anything with it because it wasn’t directly relevant to their 
decisions. These are the kinds of fundamental problems we face.’  

Alternative models of the climate scientistend-user relationship  

We presented master-class participants with alternative models of the information 
relationship between climate scientists and end-users and asked them which model 
made more sense, and how either or both models could be improved.  
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Figure 12. Model 1 
 

‘What are decision makers anyway? We all have limited domains to make decisions’.  

‘We have more things to think about than just the climate science, we have to meet 
expectations of our stakeholders!’ 

‘Politics is an important factor in our decision making process’.  
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Figure 13. Model 2 
 

Participants expressed a preference for the second model (Figure 10), but argued that 
even it was too simpleit did not capture the extent to which the whole system of 
climate-impacted decisions was embedded in the larger social, economic, and political 
system.  

‘We have to deal with party political issuesthese tend to create impediments to 
making decisions about climate change adaptation’.  

‘Technocrats and stakeholders may have completely different views of the world which 
are fundamentally incompatible...’ 

Master-class participant feedback: decision frameworks 

‘Not all of the decisions are driven by climate change. What I grapple with, is it a matter 
of trying to select the best decision framework for the problem, or is it that you put your 
energy into understanding the decision?’ 
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‘We use Adaptive Management (AM) in terms of just extending the lead time instead of 
using it to learn about the system. AM is used to build resilience. You cannot just 
assume your current processes are correct under climate change though. We learnt we 
needed to be more resilient. We need a better handle on the uncertainties and that is 
why we are funding more research.’ 

‘Climate change is driving us to build resilience.’ 
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